




AgriculturAl 
Medicine





AgriculturAl 
Medicine

Rural Occupational and Environmental Health, 
Safety, and Prevention

Second Edition

Kelley J. Donham anD 
anDers Thelin



Copyright © 2016 by John Wiley & Sons, Inc. All rights reserved

Published by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, 
mechanical, photocopying, recording, scanning, or otherwise, except as permitted under Section 107 or 108 of the 1976 United 
States Copyright Act, without either the prior written permission of the Publisher, or authorization through payment of the 
appropriate per‐copy fee to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750‐8400, 
fax (978) 750‐4470, or on the web at www.copyright.com. Requests to the Publisher for permission should be addressed to the 
Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748‐6011, fax (201) 748‐6008, or 
online at http://www.wiley.com/go/permissions.

The contents of this work are intended to further general scientific research, understanding, and discussion only and are not 
intended and should not be relied upon as recommending or promoting a specific method, diagnosis, or treatment by health 
science practitioners for any particular patient. The publisher and the author make no representations or warranties with respect 
to the accuracy or completeness of the contents of this work and specifically disclaim all warranties, including without limitation 
any implied warranties of fitness for a particular purpose. In view of ongoing research, equipment modifications, changes in 
governmental regulations, and the constant flow of information relating to the use of medicines, equipment, and devices, the reader 
is urged to review and evaluate the information provided in the package insert or instructions for each medicine, equipment, or 
device for, among other things, any changes in the instructions or indication of usage and for added warnings and precautions. 
Readers should consult with a specialist where appropriate. The fact that an organization or Website is referred to in this work as a 
citation and/or a potential source of further information does not mean that the author or the publisher endorses the information 
the organization or Website may provide or recommendations it may make. Further, readers should be aware that Internet Websites 
listed in this work may have changed or disappeared between when this work was written and when it is read. No warranty may 
be created or extended by any promotional statements for this work. Neither the publisher nor the author shall be liable for any 
damages arising herefrom.

For general information on our other products and services or for technical support, please contact our Customer Care Department 
within the United States at (800) 762‐2974, outside the United States at (317) 572‐3993 or fax (317) 572‐4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available in 
electronic formats. For more information about Wiley products, visit our web site at www.wiley.com.

Library of Congress Cataloging‐in‐Publication data applied for

ISBN: 9781118647202 (Hardback)
9781118647219 (EPDF)
9781118647400 (epub)
9781118647356 (oBook)
Cover image: 
•	 Images in the center circle. 

 ∘ The farmer with one arm - Stephanie Leonard
 ∘ The farm workers - LaMar Grafft 

•	 Image of the woman (nurse) fitting the respirator on a farmer - Carolyn Sheridan, AgriSafe Network 
•	 Image of the safety specialist checking the tractor with the farmer nearby - LaMar Grafft 
•	 Image of the physician looking at an x-ray with a farmer - Alexander Raths from Shutterstock 
•	 Image of the veterinarian and the woman pointing to a lesion on a cow - Goodluz from Shutterstock

Set in 10.5/12.5pt Adobe Garamond Pro by SPi Global, Pondicherry, India

1 2016



We dedicate the book to the millions of farmers, ranchers, their families, and workers who have either 
died or suffered disabling injuries or illnesses from their work producing food, fiber, and fuel for the 
people of this planet. We also dedicate this book to those who have lost a family member or loved one 
from a farm‐related injury or illness. This author (KJD) dedicates this book to his eight first‐level 
r elatives who have suffered fatal or disabling farm injuries. Furthermore, we dedicate this book to 
the healthcare and safety professionals, veterinarians, governmental and non‐governmental agencies, 
and the many volunteers who care for and work to prevent injuries and illnesses within farming 
communities.

This author (KJD) thanks his mentors (especially Pete Knapp and Clyde Berry) who in 1973 gave him 
the opportunity to engage in an educational and research program in agricultural medicine at the 
University of Iowa.

We thank the International Commission in Occupational Health for advocating this text and the 
more than 30 agricultural health and safety professionals who participated in the two consensus 
p rocesses that set out the core topics and learning objectives that guided the contents of this book.

We thank the six added authors of Chapters 11 and 15, and the 14 reviewers who volunteered their 
time and talents for their expert review of the various chapters of this book. I thank my wife Jean 
Donham for her dedicated and detailed reading of every chapter.

Finally, we thank our families for their support and understanding through this effort, which like 
farming in so many ways is a labor of love.

Kelley J. Donham
Anders Thelin





vii

Contents

About the Authors, xiii

About the reviewers, xix

PrefAce, xxv

 1 introduction And overview, 1
Kelley J. Donham and Anders Thelin

1.1  Introduction to the Professional Specialty of Agricultural Medicine 
(Agricultural Safety and Health), 1

1.2 Terminology and Definitions, 1
1.3  What is an Agricultural Health and Safety Professional?, 6
1.4  Training of Agricultural Health Practitioners and Agriculture Health and 

Safety Specialists, 8
1.5  Demographics of the Agricultural Workforce, 17
1.6  The Evolution of Production Agricultural, Workforce, and Types of Farms, 18
1.7  Other Occupations Exposed to the Agricultural Environment, 21
1.8  General Health Status of the Agricultural Population, 21
1.9  Occupational Health Status of the Agricultural Workforce, 22
1.10  Occupational Injury and Illness Statistics, 23
1.11  Persistent and Emerging Megatrends in Agriculture:  

Health—Safety Implications, 24
1.12 A Preview of Specific Occupational Health and Safety Risks and Conditions, 31
1.13 Summary, 35
References, 37

 2 sPeciAl risk PoPulAtions in AgriculturAl communities, 43
Kelley J. Donham and Anders Thelin

2.1 Introduction, 43
2.2 Women in Agriculture, 44
2.3 Youths in Agriculture, 49
2.4 Elderly Farmers, 59
2.5 Migrant and Seasonal Farm Workers, 64
2.6 Old‐order Anabaptists, 73
References, 84



viii Contents

 3 AgriculturAl resPirAtory diseAses, 95
Kelley J. Donham and Anders Thelin

3.1  Introduction and Overview, 95
3.2  Agricultural Structures and Respiratory Hazards, 98
3.3 Agricultural Dusts, 111
3.4  Confined Animal Feeding Operations and Respiratory  

Disease Hazards, 126
3.5  Oxides of Nitrogen (“Silo Gas”), 136
3.6 Applied Agricultural Chemicals, 140
3.7  Zoonotic Infections Causing Respiratory Disease, 142
3.8  General Preventive Measures for Agricultural Respiratory Illnesses, 143
References, 149

 4 AgriculturAl skin diseAses, 155
Kelley J. Donham and Anders Thelin

4.1 Introduction, 155
4.2 Contact Dermatitis, 156
4.3 Clinical Picture of Contact Dermatitis, 156
4.4 Epidemiology and Risk Factors of Contact Dermatitis, 156
4.5 Agents causing Contact Dermatitis in Agricultural Settings, 157
4.6 Infectious Dermatitis, 165
4.7 Arthropod‐induced Dermatitis, 167
4.8 Sunlight‐induced Dermatoses, 171
4.9 Skin Disorders Related to Heat, Cold, and Humidity, 176
References, 177

 5 cAncer in AgriculturAl PoPulAtions, 181
Kelley J. Donham

5.1 Introduction, 181
5.2 Summary, 198
References, 200

 6 heAlth effects of AgriculturAl Pesticides, 205
Kelley J. Donham

6.1 Introduction, 205
6.2 Definition of Pesticides, 206
6.3 History and Risk Communication, 207
6.4 Pesticides: Classes, Subclasses, and Relative Toxicity, 208
6.5  How Farmers, Agricultural Workers, and Agriculture‐associated Workers are 

Exposed to Pesticides, 209
6.6 The Risk of Pesticide Poisonings, 214
6.7  Insecticides: Usage, Acute Toxicity Mechanisms, Diagnosis, and Treatment, 215
6.8  Herbicides: Usage, Acute Toxic Mechanisms, Diagnosis, and Treatment, 227
6.9 Fumigants: Usage, Acute Toxic Mechanisms and Treatment, 233



 Contents ix

6.10  Chronic Health Effects of Insecticides, Herbicides, and Fumigants, 237
6.11  General Strategies for the Prevention of Pesticide Poisoning, 238
6.12 Summary, 243
References, 246

 7 generAl environmentAl hAzArds in Agriculture 
communities, 251
Kelley J. Donham and Anders Thelin

7.1 Introduction, 251
7.2 Water Quality, 252
7.3  Substance Sources and Health Effects of Water Pollution from 

Agricultural Operations, 255
7.4 Prevention of the Adverse Health Effects of Water Pollution, 265
7.5 Air Quality in Rural Agricultural Environments, 269
7.6 Solid Waste Concerns in Rural Agricultural Areas, 276
7.7 Animal Feeding Operations, 278
7.8  Global Climate Change: Effects on Agricultural Production  

and the Environment, 282
References, 284

 8 musculoskeletAl disorders, 293
Anders Thelin and Kelley J. Donham

8.1 Introduction, 293
8.2 Chronic Pain Conditions, 294
8.3 Injuries of the Neck, 297
8.4 Injuries of the Spine, 299
8.5 Injuries of the Shoulder, 304
8.6  Injuries of the Elbow, Wrist and Hand, 307
8.7 Injuries of the Hip, 311
8.8  Injuries of the Knee, Ankle, and Foot, 313
8.9  General Disorders, Infections, and Reactive Arthritis, 315
8.10  Prevention of Musculoskeletal Disorders, 316
8.11 Summary, 316
References, 317

 9 PhysicAl fActors, 327
Anders Thelin and Kelley J. Donham

Noise and Hearing Loss, 327
9.1 Introduction, 327
9.2  Noise, Definitions, and Measurements, 328
9.3  How Noise Affects the Auditory System, 329
9.4 Symptoms and Disablement, 330
9.5 Tinnitus, 331
9.6  Hearing Loss due to Trauma or Toxins, 331
9.7 Audiometry, 331



x Contents

9.8 Other Effects of Noise, 333
9.9 Prevention, 333
Vibration and Injuries Related to Vibration, 336
9.10 Introduction, 336
9.11 Hand–arm Vibration Syndrome, 336
9.12 Whole‐body Vibration, 339
9.13 Disorders due to Heat and Cold, 339
9.14 Human Thermal Balance, 339
9.15 Disorders due to Heat, 341
9.16 Disorders Related to Cold, 343
9.17  Climate and Physical and Mental Capability, 344
9.18  Prevention of Injuries Related to Heat and Cold, 344
9.19 Summary, 345
References, 347

10 PsychosociAl conditions in Agriculture, 351
Anders Thelin and Kelley J. Donham

10.1 Introduction and Background, 351
10.2  Stress and Stress‐related Health Disorders, 353
10.3 Stress Physiology, 356
10.4  Chronic Stress‐related Physiological Reactions, 359
10.5 Stress and Disease, 360
10.6 Measuring Stress, 362
10.7  Management and Prevention of Stress Reactions, 364
10.8  Alcohol‐related Health Problems, 367
10.9  Suicides and Suicide Prevention, 369
10.10 Summary, 370
References, 370

11 Acute injuries in Agriculture, 379
Kelley J. Donham, Aaron Yoder, and LaMar Grafft

11.1 Introduction, 379
11.2  Agricultural Injury Statistics and Epidemiology, 379
11.3 Medical Considerations of Acute Agricultural Injuries, 385
11.4 First on the Scene/First Aid, 386
11.5  First Responders and Emergency Medical Treatment, Rescue/Extrication, 

and Transport, 388
11.6 Emergency Room, 391
11.7 Primary Care, 392
11.8 Secondary/Tertiary Care, 393
11.9 Rehabilitation, 393
11.10 Hazards and Injury Scenarios, 394
11.11 Summary, 408
References, 409



 Contents xi

12 veterinAry PhArmAceuticAls: PotentiAl occuPAtionAl 
And community heAlth hAzArds, 413
Kelley J. Donham

12.1 Introduction, 413
12.2 Background and Overview, 413
12.3 Veterinary Biologicals, 415
12.4 Antibiotics, 418
12.5  Hormones used for Growth Promotion, 427
12.6 Other Growth Promotors, 429
12.7  Hormones used in Veterinary Obstetrics, 429
12.8  Other Human Health Considerations of Veterinary Pharmaceuticals, 430
12.9 Summary, 430
References, 432

13 zoonotic diseAses: overview of occuPAtionAl hAzArds 
in Agriculture, 437
Kelley J. Donham

13.1 Introduction, 437
13.2  Significance of Zoonotic Disease, 438
13.3  Forces Affecting Trends and Patterns of Zoonoses, 438
13.4 Historical Trends in Zoonoses, 441
13.5 Future Trends in Zoonoses, 441
13.6  General Epidemiologic Considerations of Zoonoses, 442
13.7  Classification of Zoonotic Infections, 442
13.8 Prevention, 444
13.9 Summary, 444
References, 462

14 internAtionAl AgriculturAl sAfety And heAlth, 465
Kelley J. Donham

14.1 Introduction, 465
Section A Agricultural Medicine in South America – The Mercosur 4: Argentina, 

Brazil, Paraguay, and Uruguay, 466
Marcos Grigioni and Kelley J. Donham

14.1A Introduction, 466
14.2A  Types of Production and Processes, 466
14.3A Culture and Demographics, 470
14.4A  The Demography of those Engaged in Agricultural Production, 471
14.5A  Agricultural Injury and Illness Statistics: the Current Status of the Health and 

Safety of Agricultural Populations, 473
14.6A  Support Professionals in Agriculture, 475
14.7A  Injuries and Illnesses in Farming Populations: Uruguay, Paraguay, and Brazil, 475
14.8A  Resources and Organizations in the M4, 477



xii Contents

14.9A Special/unique Illness or Injury Conditions, 478
14.10A Summary, 480
References, 483
Section B Agricultural Medicine in Australia and New Zealand, 487
Susan Brumby

14.1B Introduction, 487
14.2B  Differences in Types of Agricultural Systems, 488
14.3B Working Characteristics, 488
14.4B  Agricultural Injuries and Illnesses, 489
14.5B  Occupational Health and Safety Legislation, 489
14.6B Skin Cancer, 491
14.7B  Agricultural Health and Safety Resources, 491
14.8B Conclusion, 492
References, 493
Section C Agricultural Medicine in: The European Community, 495
Christina Lunner Kolstrup and Peter Lundqvist

14.1C Introduction, 495
14.2C  Diversification of Agricultural Production in Europe, 495
14.3C  Differences in Types of Commodity Production and Processes Relative  

to North America, 496
14.4C  Differences in the Culture of the Workers, 497
14.5C  Differences in Agricultural Injury and Illness Statistics, 498
14.6C  Differences in Health and Safety Regulations, 499
14.7C  Differences in Resources for Agricultural Medicine, 500
14.8C  Special/unique Agricultural Illness or Injury Conditions, 500
References, 501

15 Prevention of illness And injury in Agriculture, 503
Kelley J. Donham

15.1 Introduction, 503
15.2  Barriers to Prevention Intervention, 504
15.3  A Hierarchy of Prevention Modalities, 507
15.4  Specialized Health and Safety Disciplines, 519
15.5 Multimodal Interventions, 525
15.6  Respiratory Disease Prevention in Swine Confinement Workers, 526
15.7  Sustainable Farm Families in Australia, 528
15.8 Farm‐based Wellness Program, 528
15.9  Developing Comprehensive Prevention Programs, 528
15.10  Iowa Model of Integrated Multimodal Prevention Interventions, 528
15.11  Education to Facilitate Behavior Change, 529
15.12  Removal of Farm Health and Safety Hazards, 530
15.13  Development of Total Worker Health, 530
15.14 Summary, 530
Appendix A, 532
References, 545

index, 551



xiii

About the Authors

Primary Author and Editor

Kelley J. Donham MS, DVM, DACVPM

Professor Emeritus, Department of Occupational 
and Environmental Health, College of Public 
Health, University of Iowa, Iowa City, Iowa, USA

Kelley was born and raised on a swine and beef 
cow farm in Johnson County, Iowa, where he was 
actively involved in the family farm operation for 
many years. He still is actively involved in agri-
culture, and owns and manages, with a colleague, 
a 440‐acre farm in Mahaska County, Iowa. Kelley 
obtained a BS in Premedical Sciences, and an MS 
in Preventive Medicine and Environmental 
Health from the University of Iowa, and a 
Doctorate of Veterinary Medicine degree from 
Iowa State University. He was in a rural veterinary 

practice before returning to the Institute of 
Agricultural Medicine at the University of Iowa 
in 1973, achieving the rank of Professor in the 
College of Public Health in 1984.

In 1974 Dr. Donham founded the first – and 
one of the few – didactic teaching programs today 
in agricultural medicine, which provides specialty 
training for healthcare professionals, occupa-
tional and public health professionals, and veteri-
narians in occupational and environmental health 
to serve agricultural communities. Dr. Donham 
is also the founder of the occupational health 
 service for farmers (now the AgriSafe Network), 
and founding Director of Iowa’s Center for 
Agricultural Safety and Health (ICASH) and the 
Agricultural Health and Safety Training program 
at the University of Iowa, which includes MS and 
PhD programs, a continuing education program, 
and the Building Capacity program, which has 
initiated training in nine states in the United 
States and facilitated similar training in Australia, 
Turkey, and Sweden.

Dr. Donham’s research has focused on diseases 
of agricultural workers, particularly respiratory 
diseases, zoonotic infectious diseases, and inter-
ventions for prevention. He conducted the  original 
studies in regard to air quality and respiratory 
 illnesses in workers and swine in intensive 
 livestock housing. He has published over 150 
peer‐reviewed articles, three books, and 25 book 
chapters in the field of agricultural medicine.



xiv About the Authors

Dr. Donham is a Diplomate and past President 
of the American College of Veterinary Preventive 
Medicine, and in 2002 received the Helwig–
Jennings Award for sustained and lasting contri-
butions to the field of veterinary preventive 
medicine. In 2003, he received the outstanding 
faculty award for service and in 2009 the 
Outstanding Teacher Award, both from the 
University of Iowa College of Public Health. Also 
in 2003, he received the Stange outstanding 
alumni award from the Iowa State University 
College of Veterinary Medicine.

Currently as Professor Emeritus, Dr. Donham 
remains active in the field, writing, speaking and 
leading a national consensus group to form a 
national Certified Safe Farm Program. He also 
co‐founded the Rural Health and Safety Clinic of 
Eastern Iowa.

Co‐primary Author

Anders Thelin

Former Head of Research and Development, The 
Swedish Farmers’ Safety and Health Association 
(Lantbrukshalsan), Stockholm, Sweden

Dr. Thelin obtained his medical doctorate 
degree at the University of Lund, Sweden in 
1970. He was active in medical practice, con-
nected to the hospital of Växjö, Sweden, 
where he served for several years and worked 

as a practitioner in the rural service area of 
the hospital. He then transitioned into the 
occupational health service for that region. A 
rising interest in farmers’ lives and working 
conditions brought him back to the University 
of Lund for further studies, resulting in a 
PhD, with his thesis focused on the pano-
rama of farmers’ occupational health and 
risks.

In the 1970s, Dr. Thelin was a principal in 
establishing the first occupational health service 
in the world specifically for farmers (the Swedish 
Farmers Health and Safety Association, or 
Lantbrukshälsan). Later he was head of research 
and development of Lantbrukshälsan and was 
active in designing innovative service programs to 
promote health and safety in dangerous agricul-
tural working conditions.

Dr. Thelin lives in the countryside in Southern 
Sweden and, together with his family, operates a 
farm. The Thelin family is active in horse breed-
ing, sheep production, and development of a 
novel fodder for horses.

Dr. Thelin’s research has focused on diseases 
of agricultural workers, especially rheumatic 
disorders and injuries of the musculoskeletal 
system. He conducted several original studies 
and is currently responsible for a large prospec-
tive research program established in 1990 
involving more than 1000 farmers. Dr. Thelin 
noticed early on the significant risk of osteoar-
thritis among farmers and has authored a 
n umber of publications over the years focusing 
on hip and knee joint osteoarthritis. Dr. 
Thelin’s daughter is also a physician, and prac-
tices general medicine focusing on the rural 
population. She collaborates with her father, 
having published several joint research papers 
on musculoskeletal conditions in the cohort of 
farmers they have established in the rural 
region where they live.

Dr. Thelin’s special knowledge and connection 
to the farm community provide him with a 
unique background for writing about farmers’ 
health.



About the Authors xv

Single Chapter Authors

Chapter 11: Acute Injuries in Agriculture
Aaron Yoder PhD

Assistant Professor at the University of Nebraska 
Medical Center, Faculty of the Central States Center 
for Agricultural Safety and Health

Dr. Yoder began his professional career in agricul-
tural safety and health at Pennsylvania State 
University as an instructor and Extension safety 
associate. There he provided leadership for the 
National Safe Tractor and Machinery Operation 
Program by coordinating online instructor train-
ing and educational programs. In addition, he 
taught in Penn State’s Department of Agricultural 
and Biological Engineering and participated in 
other research and outreach programs for the 
Penn State Agricultural Safety and Health 
Program.

He graduated from Penn State University with 
a BS and MS in Agricultural Systems Management 
and Environmental Pollution Control, respec-
tively. He earned his PhD degree in Agricultural 
and Biological Engineering from Purdue 
University. He serves on the Board of Directors 
for the International Society for Agricultural 
Safety and Health (ISASH) and the Agricultural 

Safety and Health Council of America (ASHCA). 
Dr. Yoder also maintains leadership roles in the 
eXtension.org/AgSafety Community of Practice, 
American Society of Agricultural and Biological 
Engineers, and the USDA NCERA197 
Committee for Establishing Priorities in Land 
Grant University Research and Education 
Programs.

Kelley J. Donham (see above)
LaMar Grafft MS

Associate Director, North Carolina Agromedicine 
Institute, University of East Carolina, Greenville, 
North Carolina, USA

Mr. Grafft was born and raised on a crop and 
livestock farm in Eastern Iowa. He received his 
BS and MS degrees from Iowa State University, 
and was an Extension Livestock Specialist for 
s everal years after moving off the farm. He worked 
part‐time as a paramedic and flight paramedic for 
25 years.

From 1993 to 2013 Mr. Grafft served as a 
Rural Health and Safety Specialist at the 
University of Iowa. During that time, he taught 
both occupational safety and agricultural safety 
classes. He was a member of the team that devel-
oped, researched, and coordinated the Certified 
Safe Farm audit tool, and taught implementation 



xvi About the Authors

of the program. As part of that effort, he  conducted 
safety audits on dozens of farms, including a 
26,000‐acre Iowa farm and the Navaho Nation’s 
63,000‐acre farm in New Mexico.

In his current position, he develops, implements, 
and presents safety information in local programs, 
as well as presenting at national and international 
conferences. He has the additional responsibility 
of helping to determine priorities of research, 
intervention/prevention, and outreach/education. 
He is currently the co‐chair of the Research and 
Development Committee of the International 
Society of Agricultural Safety and Health.

Authors of the International Chapter 15
South America (Mercosur 4), Section A
Marcos Grigioni MD

Program coordinator of Health and Safety for the 
Family Farm, AFASCL, Argentine Federated 
Farmers, Department of Education and Training, 
Rosario, Argentina

Dr. Grigioni is a medical doctor, trained in head 
and neck surgery. He was born in a family closely 
related to agricultural production and teaching, 
and is a farmer as well as a surgeon. He began 
working in hospitals in Argentina, in the "pampa" 
(the large plain and agricultural region of 
South  America) of that country, where he has 
treated over 5000 patients with different types of 
surgical pathologies. Most of these originated 
from  agricultural exposures (e.g., skin cancer, 
injuries  from machinery, animals, electricity, 
burns, firearms, rural roadway crashes, and  zoonoses 

(e.g., hydatid disease)). In addition, he has treated 
congenital malformations and related behavioral 
conditions in the population, including alcohol-
ism and smoking‐related cancers. He also taught 
in the area of head and neck surgery and in 
organizations such as the League against Cancer 
Fights of Argentina. For the last 10 years he has 
focused his efforts on prevention and agricultural 
health and safety research, developing a program 
which has been incorporated into a farmers’ 
cooperative that brings together 35,000 farmers. 
He has designed multiple activities to dissemi-
nate agricultural medicine among all the institu-
tions that make up the Argentine agricultural 
sector (professional associations of veterinarians, 
agronomists, cooperatives, government institu-
tions, private companies, universities, etc.). He is 
currently working with farm machinery manu-
facturers to create safer agricultural machinery for 
Argentinian farmers.

Australia and New Zealand, Section B
Susan Brumby RN, RM, DipFarm M’Ment, 
GradDip Women’s Studies, MHM, PhD

Director National Centre for Farmer Health and 
Clinical Associate Professor, School of Medicine, 
Deakin University, Hamilton, Victoria, Australia

Dr. Brumby began her career as a registered nurse 
and midwife working in rural Australia and has 
held executive positions in health services since 
1998. She has been actively involved in agricul-
ture, running the family beef and wool property 



About the Authors xvii

for 12 years. These two career paths provided 
unique insight into the health, wellbeing and 
safety of farm men and women, and the barriers 
that prevent them enjoying the same health out-
comes as other populations.

Combining these two passions (health and 
agriculture), Sue became the founding Director 
of the National Centre for Farmer Health, a part-
nership between regional health service Western 
District Health Service and Deakin University. 
She leads the Graduate Certificate in Agricultural 
Health and Medicine, has obtained numerous 
research grants, and provides direct health  services 
to farm men and women. She has been recog-
nized for her contribution to rural health and has 
 presented and published nationally and 
 internationally on farmer health and community 
involvement. She has led the innovative, multi‐
award winning farm community wellness 
 program called Sustainable Farm FamiliesTM. 
This program has been delivered across Australia 
and recently piloted internationally.

Dr. Brumby has published numerous articles in 
the field of agricultural health. She is active in several 
national and international working groups in the 
field and has received numerous awards for her work 
in rural and farm community health and wellness.

The European Community, Section C
Christina Lunner Kolstrup MS, PhD

Research Scientist, Department of Work Science, 
Business Economics & Environmental Psychology, 
Swedish University of Agricultural Sciences, Alnarp, 
Sweden

Dr. Lunner Kolstrup was raised on a small 
farm in Denmark. She worked for some years on 
dairy and pig farms. In 1991 she received a 
degree in a nimal science from the Royal 
Veterinary and Agricultural University (KVL) in 
Denmark. Her interest in agricultural health and 
safety brought her to the Swedish University of 
Agricultural Sciences (SLU). In 2008 she 
received her PhD degree on the topic “Work 
Environment and Health among Swedish 
Livestock Workers.” For several years Dr. Lunner 
Kolstrup has conducted multidisciplinary 
research and teaching with an emphasis on phys-
ical and psychosocial hazards related to health 
and safety in agriculture. She serves as an associ-
ate editor for the Journal of Agromedicine, reviews 
for several s cientific journals, and is a member of 
International Society for Agricultural Safety and 
Health (ISASH) and the International Dairy 
Research Consortium (IDRC). In 2013, she 
published International Perspectives on Psychosocial 
Working Conditions, Mental Health, and Stress of 
Dairy Farm Operators, and co‐authored several 
other review articles on the topic health and 
safety in the dairy industry.

Peter Lundqvist PhD



xviii About the Authors

Department Head, Department of Work Science, 
Business Economics & Environmental Psychology, 
Swedish University of Agricultural Sciences, Alnarp, 
Sweden

Dr. Lundqvist was born and raised on a farm 
in southern Sweden. He received his PhD from 
the Swedish University of Agricultural Sciences 
with a dissertation on working conditions in 
farm buildings (1988). He achieved his rank of 
full professor (work science) in 1999 and since 
2007 has served as the head of his department. 
His research is focused on injury prevention, 
ergonomics, and leadership in agriculture. 
Recently a Swedish Center for Agricultural 
Business Management was established in his 
department. It will integrate health and 
safety  in all aspects of agricultural  business 

 management. He also serves as associate editor 
for the Journal of Agromedicine and was named 
as the Peer Reviewer of the Year for 2015. He 
also serves on the editorial board for the Journal 
of Agricultural Safety and Health. He is heavily 
involved in the International Society for 
Agricultural Safety and Health (board of 
d irectors), the International Association of 
Agricultural Medicine and Rural Health (execu-
tive board), the International Section of the 
International Social Security Association on the 
Prevention of Occupational Risks in Agriculture 
(advisory board), and the International 
Ergonomics Association (vice chair and m ember 
of the Technical Committee Agriculture) and is 
an active member of the International Dairy 
Research Consortium.



xix

About the Reviewers

General Scientific Reviewer

Jeffrey Bender DVM, MS, DACVPM
Professor – Veterinary Population Medicine, College 
of Veterinary Medicine, University of Minnesota, 
St. Paul, MN, Veterinary Public Health, Co‐
Director of the Upper Midwest Center for 
Agricultural Safety and Health, University of 
Minnesota, College of Veterinary Medicine and 
School of Public Health

Dr. Bender is a Professor at the University of 
Minnesota, College of Veterinary Medicine and 
the School of Public Health. He previously 
worked for the Minnesota Department of 
Health, as an infectious disease epidemiologist. 
He is currently the Co‐Director for the Upper 
Midwest Agriculture Safety and Health Center. 
Previously, he was the Director for the Center 
for Animal Health and Food Safety and Co‐
Director of Human‐Animal Interface Studies at 
the National Institutes of Health‐funded 
Minnesota Center of Excellence for Influenza 
Research and Surveillance. He has had over 80 
peer‐reviewed publications and has received 
funding from the US Department of Agriculture, 
the Center for Disease Control and Prevention, 
the National Institutes of Health, the National 
Institute for Occupational Safety and Health, 
and the US Agency for International 
Development. He has served on several national 
committees related to public health and veteri-
nary medicine, including the US Food and 
Drug Administration Science Advisory Board, 

the American Veterinary Association 
Companion Animal Antibiotic Stewardship 
Committee (Chair), and the Public Health 
Committee for the National Pork Board. His 
primary teaching and research interests include 
infection prevention, disease surveillance, 
emerging zoonotic diseases, occupational safety, 
food safety, and antimicrobial resistance.

External Reader

Jean Donham PhD
Professor (retired) College of Education, University 
of Northern Iowa, Iowa, USA

Dr. Donham received her BA degree from the 
University of Iowa in English and Latin. She 
received her MA in Library and Information 
Science from the University of Maryland. Her 
PhD was awarded from the College of Education, 
University of Iowa. Her career has focused on 
teaching and librarianship in school and college 
settings, and teaching at the graduate level in 
library and information science. She has published 
three books in library and information science as 
well as numerous articles in the field.

Chapter Reviewers

Chapter 1: Introduction and Overview
Susan Brumby RN, RM, DipFarm M’Ment, 
GradDip Women’s Studies, MHM, PhD 
(see above)



xx About the Reviewers

Chapter  2: Special Risk Populations in 
Agricultural Communities
Robin Tutor‐Marcom EdD(c), MPH, OTR/L
Director of the North Carolina Agromedicine 
Institute, Greenville, North Carolina, USA

Ms. Tutor‐Marcom is responsible for ensuring 
that the institute is true to its mission of promot-
ing the health and safety of farmers, fishermen, 
loggers, their workers, and their families through 
research, prevention/intervention, and educa-
tion/outreach. Under her leadership, the AgriSafe 
Network of North Carolina was recognized as the 
first state affiliate of the national AgriSafe 
Network in 2008 with Certified Safe Farm – 
North Carolina coming online in 2009. These 
programs have been complemented by the addi-
tion of the North Carolina AgrAbility Partnership, 
Fit to Farm, and Risk Mitigation Measures initia-
tives. Ms. Tutor‐Marcom is a member of the 
International Society for Agricultural Safety and 
Health, Farm Safety for Just Kids, Childhood 
Agricultural Safety Network, and the FReSH 
(Farm and Ranch Safety and Health) eXtension 
Community of Practice. She also serves on the 
Advisory Board for the North Carolina 
Farmworker Health Program and the Member 
Relations Committee for the Agricultural Health 
Safety and Health Council of America. In fulfil-
ment of requirements to receive her Doctorate of 
Education in Agricultural and Extension 
Education she is investigated the social‐emotional 
support needs of men and women farmers in 
North Carolina.

Chapter 3: Agricultural Respiratory Diseases
John May MD
Deputy Director of the Northeast Center and 
Director of the Bassett’s Research Institute, 
Cooperstown, New York, USA

John May is a graduate of the University of Notre 
Dame and Case Western Reserve School of 
Medicine. He trained in internal medicine and 
pulmonary disease at the Mary Imogene Bassett 
Hospital in Cooperstown, New York, and the 
University of Colorado Medical Center, Denver, 

Colorado. In addition to his pulmonary practice 
at Bassett Hospital in Cooperstown, Dr. May 
began seeing patients with various farm‐related 
occupational health problems over three decades 
ago. He continues to have a regular farmers’ clinic 
that focuses on occupational issues affecting rural 
workers. John is a cofounder and director of the 
New York Center for Agricultural Medicine 
(NYCAMH). NYCAMH’s Northeast Center, 
one of the national centers designated by the 
National Institute for Occupational Safety and 
Health, has active projects involving agriculture 
and commercial fishing in a number of north-
eastern and Middle Atlantic States. Dr. May has 
published widely in research areas that include 
respiratory, musculoskeletal, hearing, and other 
disorders affecting both family farmers and farm 
workers in the northeastern region of the United 
States. Areas of particular interest are social mar-
keting‐based interventions and the application of 
community‐based intervention methods in 
addressing occupational health challenges for 
migrant farmworkers.

Chapter 4: Agricultural Skin Diseases
Christopher J. Arpey MD
Professor of Dermatology, the Mayo Clinic, 
Rochester, Minnesota, USA

Dr. Arpey began his higher education at Colgate 
University, receiving a BS in chemistry. He 
earned his medical degree from the School of 
Medicine and Dentistry, University of Rochester. 
Dr. Arpey trained in dermatology at the 
University Hospital in Cleveland, and the 
University of Iowa. He is currently Professor of 
Dermatology at the Mayo Clinic in Rochester, 
Minnesota. He is Director of Surgical Education 
in his department and has strong interests in edu-
cation. He has been a member of the boards of 
directors of several large dermatological surgical 
boards, and recently completed a 9‐year term on 
the American Board of Dermatology. He has a 
particular interest in caring for patients with skin 
cancer. Dr. Arpey has participated in the 
University of Iowa Agricultural Medicine Core 
Course for over 10 years. His subject in that 



About the Reviewers xxi

course was agricultural‐related skin diseases, 
focusing on sun‐induced skin cancers.

Chapter 5: Cancer in Agricultural Populations
Charles F. Lynch MD, PhD
Professor of Pathology and Epidemiology, Colleges of 
Medicine and Public Health, University of Iowa, 
Iowa City, Iowa, USA

Dr. Lynch received his MD and PhD degrees 
from the University of Iowa in 1979 and 1984, 
respectively. In 1986, he received board certifica-
tion in anatomic pathology. Currently, he is a pro-
fessor with a joint appointment in the Department 
of Epidemiology in the College of Public Health 
and the Department of Pathology in the College 
of Medicine at the University of Iowa. Since 1990, 
he has been Principal Investigator and Medical 
Director of the State Health Registry of Iowa, 
Iowa’s statewide cancer surveillance program that 
is part of the National Cancer Institute’s 
Surveillance, Epidemiology, and End Results 
(SEER) Program. Since 1992, he has been the 
Director of the Iowa Field Station for the 
Agricultural Health Study. Since 1995, he has led 
the Cancer Epidemiology and Population Science 
Program of the Holden Comprehensive Cancer 
Center, and since 2000 he has been Associate 
Head of Research in the Department of 
Epidemiology. His research interests include 
c ancer surveillance, cancer epidemiology, and 
environmental epidemiology. He has co‐authored 
over 330 peer‐reviewed publications. From the 
College of Public Health, he received the Faculty 
Research Award in 2002, the Outstanding Alumni 
Award in 2004, and the Faculty Achievement 
Award in Community Engagement in 2008.

Chapter  6: Health Effects of Agricultural 
Pesticides
Diane Rohlman PhD
Associate Professor, Department of Occupational 
and Environmental Health, Director of the 
Graduate Training Program in Agricultural Health 
and Safety and Health, Director of the Healthier 
Workforce Center, College of Public Health, 
University of Iowa, Iowa City, Iowa, USA

Dr. Rohlman’s research has focused on the design, 
development, and validation of computerized 
test methods to assess n eurotoxic effects and neu-
rological disorders in humans exposed to chemi-
cal and physical agents. These methods have been 
applied in research examining the effects of pesti-
cide exposures in adolescent cotton workers in 
Egypt, migrant workers and families in the 
United States, and wartime stressors in Persian 
Gulf veterans. Her current research is focused on 
identifying and characterizing adverse effects of 
organophosphate exposure on neurobehavioral 
performance.

Chapter 7: General Environmental Hazards in 
Agriculture Communities
David Osterberg BS, MA, MS
Clinical Professor, Department of Occupational and 
Environmental Health, University of Iowa, Iowa 
City, Iowa, USA

David Osterberg is Clinical Professor of 
Environmental Policy in the Department of 
Occupational and Environmental Health, 
College of Public Health at the University of 
Iowa. He holds a secondary appointment at the 
University of Iowa’s Department of Geography. 
From 1983 to 1998 Professor Osterberg served as 
a State Representative in the Iowa House of 
Representatives. During that time he served as 
the Chair of the Committee on Agriculture and 
as Chair of the Committee on Energy and 
Environmental Protection. He was the Iowa 
Farmers’ Union Legislator of the Year in 1987. 
He later worked for the Iowa Department of 
Natural Resources. Professor Osterberg holds a 
BA in economics from Washington State 
University, and an MA in economics, an MS in 
water resources management, and an MS in agri-
cultural economics, all from the University of 
Wisconsin‐Madison. In 2001 he founded the 
Iowa Policy Project, which produces papers on 
the Iowa budget, empowerment of low income 
Iowans and improving the environment. His 
organization has published widely on Iowa envi-
ronmental issues. His work with the University of 
Iowa Superfund Research Program’s Research, 



xxii About the Reviewers

Translation and Outreach Corps has led him to 
educate many diverse groups from state legisla-
tors to seventh‐grade students.

Chapter 8: Musculoskeletal Disorders
Steven R. Kirkhorn MD, MPH, FACOEM
Director/Section Chief Occupational Health 
Minneapolis Veterans Administration Health Care 
System, Assistant Professor, Department of Medicine, 
University of Minnesota School of Medicine, Saint 
Paul, Minnesota, USA

Dr. Kirkhorn has responsibility for the overall 
supervision of occupational/employee health issues 
of employees for the healthcare system. He also 
chairs the ergonomics committee and is a National 
Consultant in the Veterans Hospital Administration 
for Occupational/Environmental Medicine (OE 
Medicine Consult Program). He develops the occu-
pational health curriculum and precepts Internal 
Medicine and Occupational Medicine residents.

He was previously Chair of the North American 
Agromedicine Consortium and Editor‐in‐Chief 
of the Journal of Agromedicine (2004–2011).

Chapter 9: Physical Factors
Jeffrey Levin MD, MSPH, FACOEM, FACP
Professor and Chair of the Department of 
Occupational Health Sciences, University of Texas 
Health Science Center, Tyler, Texas, USA

Dr. Levin is a graduate of the University of 
Texas Medical School at San Antonio. He com-
pleted his internal medicine training at the 
University of Missouri and occupational medi-
cine at the University of Kentucky, where he also 
obtained his MS degree in public health. He is 
board‐certified in both internal medicine and 
occupational medicine. Dr. Levin is founding 
Director of the Occupational Medicine Residency 
Program at Tyler (since 1994). He is past President 
of the Texas Occupational Medical Association. 
He holds the Jesse H. Jones Distinguished 
Professorship of Occupational Health Sciences 
and the Houston Endowment Inc. Professorship 
in Environmental Science. He has been Center 
Director for the US National Institute of 

Occupational Safety and Health Southwest 
Center for Agricultural Health, Injury Prevention, 
and Education since 2002.

Presently, Dr. Levin is Senior Vice President 
for Clinical and Academic Affairs at the University 
of Texas Health Science Center. He is Medical 
Director of the Texas Institute of Occupational 
Safety and Health. He received the Marcus Key 
Award from the Texas College of Occupational 
and Environmental Medicine in 2013, and has 
recently been appointed as a board member to 
the American Board of Preventive Medicine. He 
is a clinician, educator, and researcher.

Chapter  10: Psychosocial Conditions in 
Agriculture
Michael Rosmann PhD
Private practice clinical psychology and writer in 
behavioral health for farmers, and academics, 
Harlan, Iowa, USA

Michael R. Rosmann is a clinical psychologist and 
farmer in western Iowa. He received his under-
graduate degree in psychology from the University 
of Colorado and his MS and PhD degrees in clini-
cal psychology from the University of Utah. He 
writes a weekly column about the behavioral 
health issues of people involved in agriculture that 
is syndicated in the United States, Canada, and 
Australia to about 4 million readers. He is the 
author of two books, numerous chapters, and 
many scholarly publications as well as articles for 
agriculture and fishing/hunting magazines.

Dr. Rosmann is Adjunct Professor in the 
Department of Occupational and Environmental 
Health at the University of Iowa. He was inducted 
into the Iowa Center for Agricultural Safety and 
Health Hall of Fame and is the recipient of leader-
ship awards from the American Psychological 
Association and the National Association for 
Rural Mental Health for his work to improve the 
behavioral health of rural and agricultural people.

Brandi Janssen MA, PhD
Clinical Assistant Professor, Occupational and 
Environmental Health, The University of Iowa 
College of Public Health, and Director, Iowa’s 



About the Reviewers xxiii

Center for Agricultural Safety and Health  
(I‐CASH), Iowa City, Iowa, USA

Trained as an anthropologist, Dr. Janssen con-
ducts qualitative and ethnographic research 
among agricultural populations. As director of 
Iowa’s Center for Agricultural Safety and 
Health, she oversees the work of a statewide 
coalition of public and private organizations 
devoted to reducing injuries and fatalities on 
Iowa farms.

Dr. Janssen serves on the board of directors for 
the Iowa Rural Health Association and eastern 
Iowa non‐profit Local Foods Connection and is a 
member of the Center for Rural Health and 
Primary Care Advisory Board.

Chapter 11: Acute Injuries in Agriculture
LaMar Grafft MS (see above)

Chapter  12: Veterinary Pharmaceuticals: 
Potential Occupational and Community 
Health Hazards
Jeffrey Bender DVM MPH (see above)

Chapter  13: Zoonotic Diseases: Overview of 
Occupational Hazards in Agriculture
James Wright DVM, MPVM, DACVPM
US Air force (retired), Texas Department of Health, 
Austin Texas, USA (retired),

Dr. James Wright earned his BS and DVM 
degrees at Texas A&M University, and is a Master 
of Preventive Veterinary Medicine (MPVM) at 
the University of California at Davis. He is a 
Diplomate of College of Veterinary Preventive 
Medicine.

Dr. Wright was in private practice before 
entering a career in public health in the US Air 
Force, where he worked on food safety, industrial 
occupational health, communicable disease 
e pidemiology and surveillance, disaster prepared-
ness, medical facility employee health, and 
environmental health and sanitation. In 1992, he 
joined the Texas Department of State Health 
Services, where he served in the Meat Inspection 
and Zoonosis Control Programs until his retire-

ment in December 2011. His duties included 
consulting with veterinarians, the general public, 
local government officials, patients, and physi-
cians on zoonotic diseases and animal control.

Dr. Wright has taken the University of Iowa 
Agricultural Medicine core course, and was 
 certified by examination. Dr. Wright remains 
active with the Texas Veterinary Medical 
Association, where he chairs the Public Health 
Committee, and with the Southwest Center for 
Agricultural Health, Injury Prevention, and 
Education. In 2013, the Texas A&M University 
College of Veterinary Medicine and Biological 
Sciences selected him as an Outstanding 
Alumnus.

Christine Petersen DVM, PhD
Associate Professor, Department of Epidemiology, 
Director, Emerging Infectious Diseases Center, 
College of Public Health, University of Iowa, Iowa 
City, Iowa, USA

Dr. Petersen graduated with her DVM from 
Cornell University in 1998, and completed her 
PhD in immunology and infectious diseases at 
Harvard School of Public Health in 2004.

With the first seeds planted as a veterinary stu-
dent doing a summer research project on African 
trypanosomiasis at the International Livestock 
Research Institute in Nairobi, Kenya, Dr. 
Petersen’s scientific career has focused on the pre-
vention of zoonotic diseases.

Dr. Petersen is Director of the Center for 
Emerging Infectious Diseases, a One Health col-
laboration between the Iowa Department of 
Public Health and Regents’ Colleges of Medicine, 
Public Health and Veterinary Medicine. As an 
Associate Professor at the University of Iowa 
College of Public Health, she also teaches joint 
veterinary, medical, and global public health 
coursework and conducts outreach related to the 
diagnosis, treatment, and prevention of zoonotic 
diseases within animal and human populations. 
Additionally, she collaborates with Iowa State 
University regarding infection control and pre-
vention in populations ripe for the spread of 
zoonotic infectious diseases.



xxiv About the Reviewers

Chapter 14: International Agricultural Safety 
and Health
Section A and B: Kelly J. Donham (see above)
Section C: Anders Thelin (see above)

Chapter  15: Prevention of Illness and Injury 
in Agriculture
Jean McCandless MSW
Director, Vermont Farm Health Task Force, 
Burlington, Vermont, USA

During her 40 years working in medical, 
d isability, social service, and clinical settings, Jean 
McCandless has learned that prevention is of 
critical importance. In addition to her current 
position running the Vermont Farm Health Task 
Force, Jean is a Geriatric Care Manger and Social 
Worker in private practice.

She began working to improve the health 
and safety of Vermont farmers and farm work-
ers in 2005, when she became the Arthritis 

Program Manager for the Vermont Department 
of Health. A statewide Farmer Health Survey in 
2006 confirmed that most farmers had osteoar-
thritis, m aking them the highest risk occupa-
tional group for arthritis in the state. In 2007, 
Jean began the Vermont Farm Health Task 
Force, a statewide organization with 70 mem-
bers from key state agencies, community health 
and agricultural organizations, and, farmer 
representatives.

With support from the Iowa’s Center for 
Agricultural Safety and Health, the Task Force 
became an organizational participant in the 
NIOSH‐funded Building Capacity Grant 
Program. Both the I‐CASH Program and the 
National AgriSafe Network helped establish 
regular Agricultural Medicine and Occupational 
Safety Trainings in Vermont. As both the training 
director and a faculty presenter, Jean has helped 
train many Vermont and New England medical 
and agricultural professionals.



xxv

Preface

Agricultural Medicine, 
second edition

Agricultural Medicine is the long‐term o utcome of 
the first known academic course in agricultural 
medicine initiated by Kelley Donham in 1974 at 
the University of Iowa. The Agricultural Health 
Working Group of the International Commission 
for Occupational Health (ICOH) proposed the 
need for a new text to guide education to a 
broad field of health and safety professionals. 
The experience of Dr. Thelin in agricultural 
health and safety made him an ideal collaborator 
for this project.

To provide direction, two multi‐professional 
consensus processes were convened. The first 
consisted of 13 people who met in 2006 in Iowa 
City, Iowa, USA to establish the topics and learn
ing objectives for the first edition of this text. Six 
years later, it was deemed a second edition of the 
book was necessary to incorporate new informa
tion in the rapidly evolving industry of produc
tion agriculture and the related occupational 
illnesses and injuries. In 2012 the second consen
sus process was formed by many of the original 
participants and supplemented by many more (a 
total of 30 persons), including an increased safety 
and international representation. That process 
resulted in the review and revision of the topics 
and learning objectives. The recommendations 
included:
•	 an increase in attention to regional and inter

national coverage

•	 increased coverage on prevention, both in the 
individual chapters and an enhancement of 
the general prevention chapter (Chapter 15)

•	 increased coverage for safety professionals, 
especially coverage of risk management

•	 a text that would serve as an international 
standard for core topic coverage

•	 a recommendation that production of two 
additional chapters (i.e., agricultural safety 
and climate change effects on agriculture and 
the health and safety of its workers) should be 
pursued to serve as the basis for a more com
plete academic curriculum in agricultural 
health and safety.

The aim of the second edition was to attempt 
to respond to these recommendations. A new 
international chapter has been added to this edi
tion. International authors have written compar
ative sections covering critical issues in agricultural 
medicine in Australia and New Zealand, South 
America, and the European Union. Enhanced 
discussion of preventive measures has been added 
to each chapter, as well as a detailed chapter on 
theory and examples of comprehensive p revention 
programs are included. There is increased cover
age of programmatic approaches for safety profes
sional and coverage of megatrends such as global 
warming and potential resulting health concerns. 
Over 1000 new references have been added.

The main effort to produce the manuscript for 
the second edition began in October of 2013, 
and it was submitted in manuscript form on 10 
March 2015.



xxvi Preface

Specific Objectives

The authors have three central objectives for this 
book. The first is to provide core information on 
the causes and prevention of occupational ill
nesses and injuries to farmers, ranchers, their 
families, and workers. A second objective is that 
the book should serve as a core text for academic 
and continuing education courses, curricula, and 
workshops focusing on the occupational health 
and safety of those involved in production 
a griculture. The third objective of this text is to 
motivate readers to apply this information in 
serving the health and safety needs of agricultural 
populations.

The Importance of Human Resources 
in Agricultural Production

Agriculture is an essential industry providing 
basic needs (food, fiber, and fuel) for society. 
These essential needs were put into perspective 
in 1943 by the famous sociologist Abraham 
Maslow. His well‐accepted theory of hierarchy 
of needs (Psychological Review 1943;50:370–
396) is relevant to agriculture. His metaphor of 
a pyramid of needs suggests that agriculture is 
at the base, providing the essential food, cloth
ing (fiber), and shelter (timber). Societies cannot 
progress to a higher level until a sustained and 
productive a griculture exists. Sustainability of 
an industry (as described by Andrew Savitz) 
includes not only the need for profit, but also 
consideration for the planet (not pollution) 
and people (human resources). The latter is 
often the last element that is considered in 
agriculture yet perhaps it is the most impor
tant. If we do not maintain our human capital, 
the others (profit and planet) are mute points. 
The agricultural workforce must be protected 
to assure a sustainable domestic and interna
tional food, fiber, and fuel source. The theme 
of this book is “helping to keep farmers, ranch
ers, their families and workers alive and well in 
agriculture”.

The Target Audience and 
Geographical Coverage

The target audience includes a broad range of 
health and safety professionals, including health
care providers, safety specialists, Extension work
ers, and insurance professionals. The geographic 
range of the intended audience is international, 
targeting those countries defined by the United 
Nations as “more developed”, or industrialized 
countries, including North America (United 
States and Canada), countries of the European 
Union, Australia and New Zealand, and South 
America (the four major agricultural countries of 
the Mercosur). Agricultural medicine is high
lighted in these countries in a new chapter in this 
second edition (Chapter  14), which contains 
comparative treatises on agricultural medicine 
relative to North America. The reason for the 
geographic boundaries is to maintain a focus on a 
very large amount of diverse information. The 
industrialized countries have similar agricultural 
industries, and thus similar occupational health 
and safety concerns. Agriculture in less developed 
countries is vastly different as general environ
mental and public health concerns such as inad
equate sanitation, water quality, and malaria far 
outweigh occupational concerns in very different 
styles of production practices. Proper discussion 
of these issues would require a separate text.

Practicality and the Farm 
Connections of the Authors

This book has been written from the perspective 
of authors who have been involved with agri
culture for many years, and who approach the 
field with direct experience and practicality.

The principal authors of this book are both 
from agricultural backgrounds, as well as from 
health profession and academic backgrounds. We 
are still involved with agriculture today, having 
more than 40 years of experience each in produc
tion agriculture and agricultural medicine. The 
scenarios provided throughout the text are based 
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on our actual contact with the cases and the peo
ple who suffered these conditions. The reviewers 
of the chapters were chosen based not only on 
their experience and knowledge of the field, but 
also on their knowledge and experience of 
p roduction agriculture and cultural awareness of 

the people who work in it. Our personal goal is to 
bring practical experience to the pages of the text 
so that the exposures, risks, and preventive meas
ures are based on reality and practicality.

Kelley J. Donham
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Introduction and Overview
Kelley J. Donham and Anders Thelin
Reviewer: Susan Brumby

Chapter

1

1.1  Introduction to the Professional 
Specialty of Agricultural Medicine 
(Agricultural Safety and Health)

Those working in the agricultural industry pro
ducing food, fiber, and fuel experience one of the 
highest risks factors among all occupations for 
injury, illness, and death. This is true for developed 
economies as well as developing and the least 
developed economies of the world. (Note: The 
categorical terms for nation state development 
are those of the United Nations). The aim of this 
chapter is to provide the introduction and back
ground to the developing specialty field of agri
cultural medicine/agricultural safety and health 
to a multidiscipline audience of health and safety 
professionals and students. Our intermediate goal 
is to increase the knowledge of this field in health 
and safety among rural professionals and stu
dents, and instill passion among them to apply 
their skills to keep farmers, their families, and 
their workers alive and well in agriculture. The 
long‐term goal is to reduce adverse occupational 
health, economic, social, and emotional prob
lems to at least a level comparable to all other 
occupations.

1.2 Terminology and Definitions

Most countries’ agricultural industrial classification 
schemes include production agriculture (farming 
and ranching), forestry, and fishing. This book is 
about the occupational health and safety of 
 people working in production agriculture—those 
who produce food, fiber, and bio‐fuels for the 
world. In this chapter, there are nine main topic 
areas that will be covered: (1) a history and 
 definition of terms relevant to agricultural safety 
and health, (2) a description and background 
of an agricultural safety and health professional, 
(3) the training required of the latter, (4) the demo
graphics of the agricultural workforce, (5) types 
of farms, (6) the health status of the agricultural 
workforce, (7) the occupational health status of 
the agricultural workforce, (8) persistent and 
emerging megatrends shaping agriculture, and 
(9) a brief overview of the major occupational 
health and injury issues in agriculture and their 
prevention.

Regarding historical perspectives and terminology, 
several terms have been used to describe the fields 
of endeavor aimed at the health of our rural and 
agricultural communities. Donham and colleagues 
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(1) described the historical context of these terms, 
although today they are often used interchangea
bly. Figure 1.1 illustrates the various terms used 
and their relationships. The two primary terms 
used to describe health‐related activities in rural 
areas are rural health and agricultural health and 
safety. Rural health is defined by the National 
Rural Health Association as a field of endeavor 
aimed at the development and support of health
care services (providers and facilities) that are 
accessible and appropriate for all rural residents 
(2). The field of rural health does not focus on 
any particular diseases, occupation, ethnic group, 
or prevention, but on provision of services 
(healthcare personnel and facilities) aimed to take 
care of the usual episodic illnesses of rural resi
dents (3). Agricultural health and safety, on the 
other hand, is a broad term that is used to describe 
a field of practice and associated endeavors aimed 

at prevention and treatment of occupational inju
ries and illnesses in agricultural populations. 
Underneath this latter umbrella term are several 
interrelated terms: agricultural medicine, agro
medicine, and agricultural safety. Although each 
term is associated with activities aiming to reduce 
injuries and illness in agricultural populations, 
each term has a slightly different history, concept, 
focus, professional make‐up, and culture.

Within the broader field of agricultural safety 
and health, the term “agricultural medicine” has 
been used since the 1950s to describe a specialty 
discipline of the broader field of occupational 
medicine and occupational health. Table  1.1 
summarizes the key dates and events in the devel
opment of the term agricultural medicine and the 
variant term agromedicine (4–15). Bernardo 
Ramazzini, an Italian physician of the early 
1700s, has been generally recognized as the father 

Rural health
(Development of accessible 
and appropriate health care 

services for all rural 
residents)

Agricultural
 health and safety

(General field of endeavor 
to reduce injuries and 
illnesses in agriculture

populations)

Agromedicine 
(A process linking a
medical faculty with
extension to provide

information dissemination
and problem solving)

Agricultural
Medicine 

(A discipline or focus
of occupational and 

environmental medicine 
and health)

Agricultural
safety

(Safety professionals who
focus on education and
other methods to reduce
acute agricultural injuries)

Figure 1.1 Terminology/fields of endeavor addressing the health of rural residents, owners/operators, 
and workers in production agriculture.
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Table 1.1 A brief history of agricultural safety and health

•	 1713 Bernardo Ramazzini published his book Diseases of Workers (4)
•	 1945 Toshikazu Wakatsuki established an outreach medical and prevention program for the farming community at Saku 

Central Hospital, Japan (5)
•	 1945 Founding of the Institute of Farm Safety Specialists, which became the National Institute for Farm Safety in 1962 

and in the International Society for Agricultural Safety and Health in 2012
•	 1951 Founding of the Institute of Rural Occupational Health, Lublin, Poland
•	 1955 Founding of the Institute of Agricultural Medicine, University of Iowa
•	 1961 Founding of the International Association of Agricultural Medicine and Rural Health in Tours, France
•	 1965 Founding of the Journal of the International Association of Agricultural Medicine and Rural Health
•	 1973 Founding of the Institute of Rural Environmental Health (Occupational Health and Safety Section), Colorado State 

University (now the High Plains Intermountain Health and Safety)
•	 1973 The term “agromedicine” first used by John Davies (6)
•	 1974 The agricultural medicine training program at the University of Iowa started
•	 1976 The peer‐reviewed article “The Spectrum of Agricultural Medicine” outlining the didactic areas of agricultural 

medicine published in Minnesota Medicine (7, 11)
•	 1977 Founding of farmers’ occupational health services in Sweden and Finland
•	 1979 Article published by Elliott in the Journal of the Royal Society of Medicine that gave the first definition of agricultural 

medicine (8, 13)
•	 1981 Founding of the National Farm Medicine Center, Marshfield, Wisconsin
•	 1982 Article published by donham that gave a more detailed definition of agricultural medicine, differentiating it from 

the field of rural health (9, 14)
•	 1984 Establishment of the first agromedicine program as a consortium of the Department of Family Medicine at the 

Medical University of South Carolina and Clemson University
•	 1986 Founding of the Institute for Agricultural Medicine and Rural Environmental Health, University of Saskatchewan, 

Canada (now the Canadian Centre for Health and Safety in Agriculture)
•	 1988 Founding of the North American Agromedicine consortium
•	 1988 Agriculture at Risk Report (10)
•	 1988 Founding of the Australian Center for Agricultural Health and Safety at Moree, New South Wales
•	 1990 Founding of Iowa’s Center for Agricultural Safety and Health
•	 1990 Founding of the National Institute of Occupational Safety and Health Program on Agricultural Safety and Health, 

leading to 10 regional centers across the United States
•	 1991 Surgeon General’s Conference on Agricultural Safety and Health
•	 1992 Publication of the text Safety and Health in Production Agriculture (11)
•	 1994 Founding of the Journal of Agromedicine
•	 1994 Founding of the Annals of Agricultural and Environmental Medicine
•	 1995 Founding of the Journal of Agricultural Safety and Health
•	 1997 Publication of the reference book Safety and Health in Agriculture, Forestry and Fishing (86)
•	 2002 Founding of Norway’s Farmer Health and Safety Program (Landbrukets HMS‐tjeneste)
•	 2003 Publication of Looking Beneath the Surface of Agricultural Safety and Health (13)
•	 2003 Transition of the Iowa Agricultural Health and Safety Network to a new national non‐profit organization, the 

AgriSafe Network
•	 2006 Publication of the text book Agricultural Medicine: Occupational and Environmental Health for the Health Professions (14)
•	 2006 Publication of Agricultural Medicine: A Practical Guide (15, 85)
•	 2006 University of Iowa founded the first specifically titled MS and PhD graduate degrees and a certificate program in 

agricultural safety and health
•	 2006 Founding of the University of Iowa’s program Building Capacity in Agricultural Medicine Training, which initiated 

sustainable training programs in agricultural medicine. Programs have been initiated in nine US states (Iowa, Illinois, 
Wisconsin, North Dakota, Nebraska, Vermont, North Carolina, Alabama, and Texas), and in Australia and Turkey

•	 2007 Founding of the Agricultural Safety and Health Council of America
•	 2008 Founding of the Australian Center for Farmers’ Health at Hamilton, Victoria
•	 2011 National Institute for Farm Safety changed its name to the International Society for Agricultural Safety and Health 

to reflect an emphasis on safety as well as health, with an international focus
•	 2012 First agricultural medicine course in the Middle East at University of Harran, Sanliurfa, Turkey



4 Agricultural Medicine

of occupational medicine. His book (Diseases of 
Workers, translated from Latin) describes in detail 
many occupationally related diseases (which he 
observed in his farm patients), many of which we 
still recognize today (4). The history of occupa
tional medicine and occupational health gener
ally (and agricultural medicine specifically) can 
be traced to his writings.

In more modern times, a physician named 
Toshikazu Wakatsuki in Japan developed a strong 
outreach program to his farming patients follow
ing World War II. Wakatsuki began his tenure at 
Saku Central Hospital in the Nagano Prefecture 
of central Japan in 1945. He spent his profes
sional lifetime transforming the care of the rural 
farming community from what may have been 
considered benign neglect to a world model out
reach and prevention program. He established 
the Japanese Rural Medicine Association, and 
was one of the principal founders of the 
International Association of Agricultural 
Medicine and Rural Health. His humble, dedi
cated, humanitarian approach to his mission 
earned him the Ramon Magsaysay Award (the 
Asian equivalent of the Nobel Peace Prize) in 
1976 (5). In Europe, the Institute for Rural 
Occupational Health was initiated (in 1951) at 
Lublin, Poland, and was the first research insti
tute to focus on the occupational health of farm
ers. The institute at Lublin became known as the 
Institute of Agricultural Medicine in 1984. This 
institute houses a multidisciplinary team of some 
150 scientists researching the occupational and 
environmental health of Poland’s rural and farm
ing community (16). It also founded a new jour
nal in 1994 titled Annals of Agricultural and 
Environmental Medicine, which publishes peer‐
reviewed scientific articles on a wide variety of 
occupational and environmental health problems 
among agricultural workers (16).

The first use of the term “agricultural medi
cine” in the United States can be traced to 1955 
with the founding of the Institute of Agricultural 
Medicine (IAM) at the University of Iowa within 
the College of Medicine. This institute was 
organized with a multi‐professional faculty (after 
the philosophy of the one‐health approach) that 

included a physician, an industrial hygienist, a 
veterinarian, a microbiologist, an anthropologist, 
an agricultural engineer, and a toxicologist (17, 18). 
The IAM was renamed the Institute for Rural 
and Environmental Health, and in 1999 became 
a program within the newly formed College of 
Public Health.

Franklin Top, first director of IAM (19) set 
out the didactic basis of agricultural medicine, 
which included the importance of understanding 
the processes and work environment of agricul
ture, including acute injuries, sanitation, aller
gies, farm chemicals, zoonoses, and social and 
mental health. Rasmussen and Cole (7) expanded 
on Top’s comments and further established the 
didactic content of agricultural medicine. Berry 
(17, 20) produced the first published articles 
regarding the peculiarities of agricultural employ
ment relative to other industrial employment. He 
also commented on the occupational health of 
the farm community, and suggested a research 
agenda for agricultural medicine (17). Elliott (8) 
published the first attempt at a definition of agri
cultural medicine, which used a variation of the 
definition of industrial hygiene. In 1982, 
Donham expanded on Elliott’s definition, to 
incorporate concepts of clinical medicine and 
public health: Agricultural medicine is “… the 
anticipation, recognition, diagnosis, treatment, 
prevention, and community health aspects of 
health problems peculiar to agricultural popula
tions” (9). Agricultural medicine is an academic 
discipline, a specialty area of occupational and 
environmental medicine and public health. 
Multidisciplinary in its approach, it involves pro
fessionals from all the clinical and basic health 
and safety sciences and veterinary medicine. 
Agricultural medicine has a research base and a 
core of didactic information. This didactic core 
of information serves as the basis for training pro
grams for health or safety professionals who work 
in the area. Early development of academic train
ing in agricultural medicine can be traced back to 
the University of Iowa program (IAM). Existing 
in the beginning as a research institute, in 1974 a 
training program in agricultural medicine was 
initiated for healthcare professional students and 



Chapter 1 Introduction and Overview 5

graduate students (21). Two international profes
sional organizations further the professional field 
of agricultural medicine. The International 
Association of Agricultural Medicine and Rural 
Health, founded in 1961 at Tours, France (8, 22), 
is a multi‐professional group of healthcare 
practitioners, health and safety scientists, and 
agriculturalists who aim to identify and control 
health and environmental problems in rural and 
agricultural communities. The International 
Commission of Occupational Health, Scientific 
Committee on Agriculture, Pesticides and 
Organic Dusts has furthered the international 
concept of agricultural medicine (23).

Furthering the scientific basis for the field of 
agricultural medicine, two scientific journals have 
agricultural medicine in their title: Journal of the 
International Association of Agricultural Medicine 
and Rural Health and Annals of Agricultural and 
Environmental Medicine.

A variant on the term agricultural medicine 
was used with the founding of the National 
Farm Medicine Center in 1981 at Marshfield, 
Wisconsin. This medical research and outreach 
group to the farm community was developed 
within a private multi‐specialty physician group, 
but it has evolved into a multi‐professional group 
focusing on occupational illnesses and injuries in 
the farming community (24). The University of 
Saskatchewan in Canada has been involved in 
agricultural medicine since the mid‐1990s, and 
in 2006 developed the Canadian Centre for 
Health and Safety in Agriculture (25).

Another variant on agricultural medicine, 
agromedicine, was first used in 1976 and defined 
in more detail in 1978 by John Davies (6). He 
expressed his concern over the public and agricul
tural producers’ fears regarding the health and 
environmental effects of pesticides. He perceived 
a need for the medical and agricultural health 
communities to work together on this issue and 
called for an “agromedicine approach." Davies 
asserted that although pesticides were clearly a 
boon for agricultural production, the occupa
tional, environmental, and public’s concerns and 
regulations were driven by fear, rather than 
 science, creating a barrier to their rational use. 

Stanley Schumann at the Medical University of 
South Carolina expanded on the agromedicine 
concept. He observed that the Cooperative 
Extension Service of land grant colleges had agri
cultural specialists in every county of the state to 
disseminate information from the research cam
puses to the farmers in the countryside. Extension 
agents are located in rural areas to assist with 
problem solving that might arise regarding pro
duction issues. Schumann thought that medical 
and health information and problem solving 
could and should be disseminated in a similar 
manner, but in full collaboration and in context 
with scientific agricultural production informa
tion (26). The South Carolina Agromedicine 
Program was initiated in 1984 as a joint collabo
ration between the Division of Family Medicine 
at the Medical University of South Carolina and 
the Agricultural Extension Service of Clemson 
University. The program grew, gaining first 
regional then national interest, and in 1988 the 
North American Agromedicine Consortium 
(NAAC) was established. This organization held 
annual professional conferences through 2006 
and founded the scientific, peer‐reviewed Journal 
of Agromedicine. However, due to decreased fund
ing at the state level and the evolution of other 
related organizations, NAAC is no longer active. 
The Journal of Agromedicine still persists, and 
operates out of the Farm Medicine Center, 
Marshfield WI.

The differences between the history and con
cepts of agricultural medicine and agromedicine 
in their beginnings were clear. However, their 
basic goal to improve health and safety in the 
agricultural community was common. Both are 
fields of agricultural health and safety, with the 
objective of controlling or preventing agricultural 
occupational and environmental illnesses and 
injuries. Both are multidisciplinary in their 
approach. Both promote the importance and 
understanding of agriculture and the culture of 
its people. The basic difference is that agricultural 
medicine is a public health/medical discipline (a 
subspecialty of occupational and environmental 
health) and agromedicine is a process, an inter
professional link between the medical faculty 
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(usually family medicine) and the agricultural 
college (extension).

Agricultural safety compared to agricul
tural medicine has had a longer history, start
ing in the United States in the 1940s. The 
first individuals involved included extension 
agents, insurance loss control personnel, and 
farm bureau representatives. Professionals 
who became involved in this effort brought an 
orientation from the field of industrial safety. 
The methods focused on promoting awareness 
of safety hazards resulting in acute injuries in 
the farm community. The National Institute 
for Farm Safety was the primary professional 
organization for this group of professionals. 
In 2012, the name of this organization was 
changed to the International Society for 
Agricultural Safety and Health (ISASH; 27) 
to reflect greater international participation 
and greater involvement of health profes
sionals. The principal scientific journal of this 
group is the Journal of Agricultural Safety and 
Health.

Although the three terms described above have 
different histories, professional make‐up, and 
culture, they are tied together by the common 
goal of reducing illnesses and injuries among 
agricultural populations. Furthermore, the 
related professional journals and societies (men
tioned above) provide a common chronicle for 
practitioners and students interested in agricul
tural health and safety. Government agencies for 
occupational health also bring various profession
als together to address agriculture. For example, 
the National Institute of Occupational Safety and 
Health (NIOSH) funds agricultural health 
research and education activities both internally 
and through its lead extramural activity, the 
Agricultural Health Centers Program. The latter 
consists of 10 multi‐professional center programs 
in the United States (28). Demonstration of 
functional multi‐professional collaborative soli
darity within the field of agricultural safety and 
health was evident in 2004 and 2005 when com
bined national meetings were cohosted by 
ISASH, the NIOSH Agricultural Health Centers 
Group, and NAAC.

A new organization (the Agricultural Safety 
and Health Council of America (ASHCA), 
http://ashca.org/ was established in the United 
States in 2007. Formed as a coalition of agri
cultural businesses, farm organizations, federal 
agencies, and health and safety professionals, 
this organization furthered the multi‐professional 
collaborative approach. A primary goal of 
ASCHA is to seek active collaborative 
involvement and leadership of agricultural 
businesses (e.g., farm supply and services, 
insurance, machinery manufacturers) in the 
formation of agricultural health and safety 
 policy, regulations, research, and prevention 
interventions.

1.3  What is an Agricultural Health 
and Safety Professional?

The evolution of the profession of agricultural 
health and safety was recently reviewed (29). 
The following paragraphs summarize the pro
gress in this field. Many individuals of varying 
backgrounds can make a difference in the health 
and safety of our agricultural communities, 
including healthcare practitioners who as a part 
of their practice may serve agricultural patients. 
There are also professionals who deal with agri
cultural health and safety on a full‐time basis. 
Figure 1.2 describes the roles and relevant back
ground education needed to fill these different 
niches.

1.3.1  The Primary Care Physician, 
Nurse, Allied Health Professionals, 
and Veterinary Practitioners

Healthcare professionals and veterinarians in 
rural communities have an excellent opportunity 
to address the issues of agricultural health and 
safety with their patients and/or clients. They 
have frequent contact with farmers and their 
families, and they are in a position of respect and 
credibility within their community. The agricul
tural health and safety training program at the 
University of Iowa (30) has included health 
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 professionals from a variety of backgrounds, 
including (1) primary care physicians, (2) nurses, 
(3) nurse practitioners, (4) physician assistants, 
(5) veterinarians, (6) respiratory therapists, 
(7) emergency medicine technicians and para
medics, (8) occupational therapists, (9) physical 
therapists, and (10) public health practitioners. 
The point is that professionals from many back
grounds can become agricultural health and 
safety professionals. They all can play important 
roles in addressing agricultural health and safety 
issues in their communities if equipped with 
some specific agricultural medicine training. The 
authors’ goal for this text is to arm health and 
safety professionals with knowledge and skills 
that facilitate better practice of fundamental agri
cultural medicine, including anticipation, recog
nition, evaluation, diagnosis, treatment, and 
prevention of occupational and environmental 
illnesses.

Mutel and Donham (31) have proposed an 
expanded role for the rural practitioner 

incorporating agricultural medicine within their 
clinical work, community service, health education, 
and research. Simmons (32) suggests there is a 
need for a special residency program in rural 
health and agricultural medicine. Physicians in 
rural communities often serve as the health leader, 
and therefore their actions may have a profound 
effect on their community’s health activities. 
Nurses also have a vital role in delivery of agri
cultural health services (33–36), for example the 
AgriSafe network (37) is a nurse‐based model 
for delivery of occupational health services in 
farming  communities. Veterinarians have an 
excellent opportunity to play a role in the health 
and safety of their farm clients. They frequently 
visit their clients’ farms, they know their clients’ 
exposures, and they have the medical back
ground to recognize farm exposures and possible 
health risks. Furthermore, veterinarians are one 
of the most trusted professionals for the farm 
population in regard to human health and 
 medical issues as well as animal health (38).

Agriculture
Technology
Processes
Structure
Social/culture
Economics
Heart
Empathy

Agricultural health
specialist

(Detailed knowledge of 
specific agricultural

illnesses and 
injuries)

Safety specialist
Extension
Engineering
Education

Health sciences
medicine

Physicians
Physician extenders
Nursing
Veterinarians
EMTs
RTs

Occupational
health sciences
Industrial hygiene
Safety
Occupational nursing
Occupational medicine
Ergonomics

Public health
Biostatistics
Community and
behavioral health
Epidemiology
Health management and
policy
Occupational and
environmental health

Figure 1.2 The components of the field of agricultural medicine (agricultural health and safety and the 
specialist). EMT, emergency medical technician; RT, respirator therapist.
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1.3.2  The Full‐time Agricultural Health 
and Safety Specialist

Relatively small cadres of professionals (an esti
mated 500 world‐wide) reside primarily in 
North America, the EU, Australasia, and South 
East Asia. These professionals devote the majority 
of their professional lives to activities dealing 
with the health and safety of agricultural popu
lations. They are associated with extension 
 services, university or hospital research programs, 
insurance companies, governmental occupa
tional health regulators, public health agencies, 
or non‐governmental for profit or non‐profit 
occupational health programs for the farming 
community. These programs provide the 
research basis, evidence, and training for health 
professionals to practice in their field. They 
make up the professional organizations, write 
and publish scientific manuscripts in the field, 
and advocate public policy to address farmers’ 
health issues.

1.4  Training of Agricultural Health 
Practitioners and Agriculture 
Health and Safety Specialists

1.4.1  Training for Healthcare 
Practitioners

Very few formal agricultural medicine training 
programs exist in the world. Most health profes
sionals who practice in rural areas have to learn 
about these issues through on‐the‐job experience 
or informal continuing education. Although sev
eral medical schools train rural physicians, few 
teach agricultural medicine as a component of 
that training. There are exceptions that include 
agricultural medicine training for medical stu
dents aiming at rural practice. These programs 
include the University of Alabama (39), the 
University of Nebraska, and the University of 
Iowa (40, 41). These programs have initiated the 
40‐hour Agricultural Medicine Core Course for 
their Rural Medical Scholars students (39, 41). 
Furthermore, the University of Iowa’s Building 

Capacity Program in Agricultural Medicine (40, 
42, 43) has facilitated new training programs in 
nine states in the United States, Australia, and 
Turkey. In Australia, the Agricultural Health and 
Medicine course commenced in 2010 and is 
offered through the School of Medicine at Deakin 
University. It is based on the University of Iowa’s 
course and combines a 1‐week intensive in‐class 
course with farm visits and online learning (44).

Several graduate programs and continuing 
education programs provide training for nurses 
(30, 45, 46). The University of Iowa provides a 
certificate program in agricultural occupational 
health for healthcare practitioners. The non‐profit 
organization AgriSafe Network in the United 
States also provides continuing education 
training either by web‐based presentations or as a 
component of other ongoing continuing educa
tion programs. Landbruksradgivning HMS 
(NLR‐HMS) in Norway has developed a com
bined classroom and online interactive educa
tional program in agricultural health and safety 
for farmers, farm school students, local farm 
advisers, and researchers and teachers at 
universities.

1.4.2  Training Full‐time Agriculture 
Health and Safety Specialists

There are few formal academic training programs 
to prepare full‐time agricultural health and safety 
specialists. Some organizations have workshops; 
some universities have a course or two in agricul
tural health and safety, plus research experience 
that can enhance training in this area. Only a few 
universities have a formalized didactic training 
specialty in agricultural medicine or agricultural 
safety and health that leads to a specific degree or 
certificate. Table 1.2 provides information about 
several training programs in agricultural health 
and safety.

As agricultural health and safety is a multi‐
professional field, there is a place for entry into 
the field of formalized agricultural health and 
safety training for people with backgrounds 
that may include but are not limited to any of 
the health sciences, occupational medicine and 
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health, veterinary medicine, public health, agri
cultural engineering, education, social sciences, 
or agriculture. The key is to have a combination 
of agricultural training, or at least a background 
and cultural familiarity of the people, along 
with one of the related fields above. Also essen
tial to the training of an agricultural health and 
safety specialist is core knowledge in occupa
tional exposures, resulting illnesses and injuries, 
and prevention. Core topics, objectives, and 
competencies have been developed by a consen
sus process of 38 agricultural health and safety 
professionals as the national core course in the 
field of agricultural health and safety (47). 
Figure  1.2 provides a diagram of this author’s 
(KJD) concept of a recommended background 
and training to make up an agricultural health 
and safety specialist.

1.5  Demographics of the 
Agricultural Workforce

Worldwide, agriculture employs the largest 
number of workers compared to all other indus
tries. Over 40% (450 million) of the world’s 
workers are employed in agriculture (48). Over 
half of these workers are women. In developing 
countries, 40% of the total population is 
engaged in agriculture, compared to 20% in 
transitioning economies, and 3% of the workers 
in developed industrialized countries (49). 
However, even in industrialized countries the 
agricultural sector is a significant portion of the 
total workforce. The 27 countries of the European 
Union (EU27) has about 12 million farms 
(2013) with a mean size of 14.2 Ha, and 95% 
are family farms (50, 51). Mexico has about 4 
million farms (2007), the United States has 
about 2.2 million farms (2007), and Canada has 
about 229,000 farms (2006) (52–54). Australia 
has 135,000 farms (2011) (55), and New 
Zealand had 78,549 farms in 2012 (56).

In order to comprehend the demographics 
of the agricultural workforce, it is important to 
understand the evolving structure and termi
nology used within the agricultural industry. 

The agricultural workforce includes principal 
operators (also called owner‐operators), unpaid 
family members, and wage‐earning employees 
or farm workers (indigenous and foreign‐born 
nationals). Additionally, large and corporate‐
style farms employ farm managers. The vast 
majority of the agricultural workforce across 
industrialized  countries is involved in family‐
style operations. These operations include a 
principal operator, who is also the owner‐operator, 
and unpaid family members (although some 
larger family farms may have a few part‐time or 
full‐time employees). Another growing style of 
agricultural enterprise is alternative or niche 
farming, which is a growing variant of the 
t raditional family farm operation. These opera
tions produce and market products locally 
(e.g., fresh fruit and vegetables, organic foods, 
exotic food crops, eggs, milk and meat), markets 
not met by the traditional large family or cor
porate family operations (57).

The decline in the number of farms began in 
the early 1900s as the industrial revolution ena
bled powered farm machinery to be incorpo
rated into agriculture, reducing the amount of 
manual labor needed to farm and increasing the 
amount of land a farmer could manage. 
Beginning in the 1970s agricultural economic 
policies in the United States began a shift from a 
supply management policy (to bolster farm 
commodity prices) to an emphasis on a market‐
driven, supply‐side economic policy. This meant 
that the lowest cost producer had the advantage. 
This resulted in increased global competition 
and demand for increasing productivity (more 
products with less labor), narrowing profit mar
gins, and a force to get bigger to be able to stay 
in business. The 1990s was a period of increased 
globalization of economies, exacerbating the 
forces previously mentioned. International trade 
agreements also further enhanced these forces, 
which created economic stress on traditional 
family farm operations, increasing the decline in 
their numbers that has continued into the cur
rent millennium. However, some of the tradi
tional small family farms have grown to become 
family corporations in order to compete, adopting 
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the  management systems of large corporate‐style 
operations (58). These types of operations 
 separate labor and management, as well as the 
farm and residence. Some large corporate‐style 
vertically integrated food companies may pro
duce the raw products, process them, as well as 
retail the finished food products. Some individ
ual private farms are connected to these large 
farms as contract growers (59, 60). The corporate‐
style farms employ the majority of hired farm 
workers. These workers may come from the 
local area or foreign countries, and they travel 
for employment purposes (migrant seasonal 
workers).

Figure  1.3 (61) illustrates the breakdown of 
these types of operations for the United States. 
This pattern is similar in all the developed coun
tries discussed in this book. However, large 
 corporate‐style agriculture has developed more 
rapidly in the United States compared to other 
industrialized countries. These large farms make 
up less than 5% of the total farms, but they con
tribute about 50% to the total US commodity 
production (57). Additional details of the evolv
ing structure of production agriculture are dis
cussed in the Persistent and Emerging Megatrends 
section of this chapter.

1.6  The Evolution of Production 
Agricultural, Workforce, and 
Types of Farms

1.6.1 Family Farms
Family farming in Western industrialized coun
tries developed as Northern Europe evolved from 
a feudal system to democratic nation states in the 
late 1700s and early 1800s. Opportunities for 
land ownership, farming, and religious freedom 
in the 1800s drew many Northern Europeans to 
North America, Australia, New Zealand, and 
South America, where they developed family 
farming mixed with plantation farming. Some 
came with facilitation from early colonial regimes 
and later new indigenous governments with the 
aim to “settle the land”; some came into direct 
conflict with the indigenous peoples. Millions of 
emigrants came to these countries and found the 
“New World dream.” Later in this period in 
Western Europe, greater democratization, 
reformed social and land tenure allowed family 
farming to develop in those countries. History, 
political and social change, and perhaps genetics 
resulted in a similar culture among family 
 farmers. Rosmann (62) has written on the factors 

Percent farms and sales by typology, 2007

Residential/lifestyle

Retirement

Limited resource

Farming occupation/lower sales

Very large family

0% 10% 20% 30% 40% 50% 60%

Farming occupation/higher sales

Non-family

Large family

Farms
Sales

Figure 1.3 Demographics (in percentages) of farm types (United States). (Source: USDA 2007 census  
of Agriculture accessed at http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Fact_Sheets/
Farm_Numbers/farm_numbers.pdf. Last modified 30 January 2012; accessed 10 February 2014.) 
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of common culture of family farms, with an 
emphasis on the probable heritability of an agrar
ian type of psychosocial make‐up. Family farms 
remain the dominant type of farm today world
wide, and comprise 95% of the total farm opera
tions in developed countries. However, the trend 
in industrialized countries is that the number of 
small family farms has been decreasing by approx
imately 10% each decade with a corresponding 
decrease in the number of farm residents and 
relative increase in farm size.

There is an important culturally relevant 
point as to the terms that should be used in refer
ence to a member of a family farm or ranch unit. 
Farm family members consider themselves to be 
owner‐operators, managers, and self‐employed 
businessmen/women (not farm workers). A farm 
worker, to them, is an employee, a person with 
less socioeconomic status. Family farm members 
are proud and may find being referred to as a 
farm worker an indication that you do not 
understand their role and work. They may think 
you are disrespectful or naïve of their culture and 
the structure of agriculture. This is important for 
practitioners to understand to enable meaning
ful communication. Acceptable terms for adult 
farm family members include farmer, producer 
(with a prefix of specific commodity such as 
pork, wheat, etc.), rancher, grower, owner‐operator, 
or principal operator. As gender equality has 
evolved in the past two decades, women also 
want to be recognized in a similar fashion. “Farm 
wife” may not always be an acceptable term, as 
women also are principal operators or joint prin
cipal operators. Children under teenage years 
may be referred to as “farm children,” but adoles
cents who are actively involved in the operation 
would be proud to be referred to as a farmer, 
rancher, etc., just as an adult would.

1.6.2 Principal Operator
Approximately 70% of the principal operators of 
family farms in developed countries are male. 
However, the percentage of women principal 
operators has been growing over the past two dec
ades. In most operations, the principal operator 

puts in the majority of hours of work on the farm 
and they typically are older than the general mean 
of the workforce in their country. For example, 
the average age in 2007 of male principal opera
tors in the United States was 57 years (similar in 
other industrialized countries), and the trend is 
toward an increasing age (51, 53, 63). This com
pares to a mean of about 45 years in the general 
workforce (57). A total of 28% of the farmers in 
the EU are over 65 years old and only 9% are 
under 35 (51). Similar demographics are seen in 
Australia, where the median age is 55 years (55).

The vast majority (over 95%) of the US family 
farm workforce is Caucasian, primarily of 
Northern European descent. In the United States 
about 2.4% of principal farm operators are of 
Hispanic origin, 1.2% are black, and about an 
additional 0.5% include Native American Indians 
and Asian or Pacific Islanders. Over 70% of the 
principal operators live on their farm (57).

1.6.3 Farm Family Members
Women have long been a vital component in the 
family farming enterprise. Worldwide, the Food 
and Agriculture Organization has reported that 
over 60% of economically active women in devel
oping countries work in agriculture (64). Although 
the percentage is less in industrialized countries, 
that figure is growing. In industrialized countries, 
women’s roles include part‐time laborer, management 
assistant, bookkeeper, homemaker, full partner in 
the operation, co‐principal operator, and principal 
operator. Women principal operators have been 
increasing in both North America and Europe. 
Although only 5% of principal farm operators in 
Canada are women, 27.8% of farms are jointly 
operated by a man and a woman (54). In the 30% 
of farms in the United States where multiple opera
tors are reported, 30% of the operators are women 
(64). On those farms where just a principle opera
tor is reported, 14% are women. In Finland, a high 
percentage of women consider themselves to be 
full‐time farmers. In Poland, over 60% of the farms 
are operated by women (51) as they tend to stay on 
the farm if their husband dies or takes a job off 
the farm.
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A high percentage of both men (30–50%) 
and women (45–60%) on family farms in 
North America have additional employment off 
the farm (57). Fifty‐six per cent of those work
ing off farms have either management or pro
fessional positions, much higher than the 
average for the workforce as a whole (65, 66). 
This has been an increasing trend over the past 
three decades in all industrialized countries, as 
profit margins have decreased, making it a 
necessity to have additional off‐farm income 
for the family. In the United States, taking an 
off‐farm job is also motivated by the possibility 
of obtaining health insurance from the 
employer, as insurance may otherwise cost a 
family up to $12,000 per year (64). This addi
tional employment has increased the total 
workload and stress on modern family farm 
members, and it increases risk for adverse men
tal and physical health outcomes (66–68), as is 
discussed in Chapters 10 and 11.

Children typically begin more independent 
work on farms at about the age of 10 years. 
Boys are usually more involved in the heavier 
farm work than girls, and their farm injury rates 
bear that out as they are about twice as high 
compared to those for farm girls (68). In 
Sweden, girls of 14–16 have the same high 
injury rate as boys in the same age group. 
However, the source of injury for girls is pri
marily from contact with horses.

1.6.4 Farm Workers
Farm workers are employees and receive wages 
for work. Of the estimated 1.3 billion persons 
employed in agriculture worldwide, nearly half 
are farm workers, 38% are migrant/seasonal farm 
workers, and 50% are women (69). Farm workers 
make up an important part of the agricultural 
labor force in all industrialized countries. Of 
these workers, about 50% come from the local 
area (indigenous) and about 50% are migrant or 
seasonal workers, some who are foreign‐born but 
citizens living in the country where they work 
and some who are citizens from neighboring or 
distant countries.

1.6.5 Indigenous Farm Workers
Indigenous farm workers may have the same 
c ulture and socioeconomic status as the owner/
operator. They may be farm youths who work 
seasonally or part‐time on another person’s farm. 
These workers may be exposed to the same haz
ards as other workers but do not have the same 
inherent lower socioeconomic status as migrant 
or seasonal or foreign‐born workers. Generally 
speaking in the United States, indigenous farm 
workers are similar in number to foreign‐born 
migrant or seasonal workers.

1.6.6  Migrant and Seasonal  
Farm Workers

The International Labour Organization (69, 70) 
published a detailed global report on migrant 
workers. The following review provides additional 
focus on the situation in the EU and North 
America.

Developed countries depend highly on 
migrant and seasonal workers to conduct farm 
work. Migrant and seasonal workers are defined 
by their movement from farm to farm as sea
sons change and labor demands change with 
production cycles. They often return to their 
home place in the “off season.” The EU employs 
4.5 million migrant and seasonal workers; 
about 500,000 of these are from outside the 
EU. Farm operators in the United States hire 
(at some time during a year) about 317,750 
(2012 data) foreign‐born migrant and seasonal 
workers (69, 71). In North America, migrant 
and seasonal workers make up nearly a quarter 
of the agricultural workforce. Many of these 
workers have found more permanent employ
ment in larger industrial‐style farms and have 
or are in the process of “settling out” in the 
community. For Europe and Australasia, the 
percentage of migrant and seasonal workers in 
the agricultural workforce is somewhat lower 
than in the United States (69). In North 
America, migrant and seasonal workers are 
largely Hispanics from Mexico. However, 
Central and South America contribute workers 
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as well as Bosnia, Asia, Africa, and the 
Caribbean Islands. The US Department of 
Agriculture (71) indicates that only 22% of US 
farmers hire one or more employees, and just 
over 8% of the farms hire more than 10 
employees. The latter figure is significant in 
the United States because federal Department 
of Labor worker protection laws can be 
enforced only on those farms with more than 
10 employees (or which have a temporary labor 
camp). Australian orchardists often depend on 
student labor (backpackers) from the EU or 
North America who work part‐time to help 
pay for their vacation travel expenses.

1.6.7  Large Farms and  
Industrial‐style Farms

As mentioned above, large farms have been 
increasing in number relative to small family 
farms. Some large farms have taken on the gen
eral management structure and work organiza
tion of private industry or a factory. The 
emphasis is on high productivity based on spe
cialization, routine and tightly managed work 
processes, and replacement of much of the 
labor with mechanization and technology. 
Labor and management are separated, as are 
the residence and the farm business. The 
 operation may be a link in a vertically  integrated 
food company or it may be a large family 
 corporation (see below). These farms are often 
more specialized than small family farms, 
and  are sometimes referred to as “factory 
farms”  by those who prefer traditional family 
farms. There may be stockholders or other 
investors involved in these corporations as the 
farm may rely on outside funds to expand its 
operations.

1.6.8 Family Corporations
Family corporations are usually enterprises that 
have grown from family farms over the years to 
involve multiple generations and extended family 
members. Their management scheme differs little 
from private corporate farms.

1.7  Other Occupations Exposed to 
the Agricultural Environment

Although this book is primarily about the occu
pational health and safety of those who work pro
ducing food, fiber, and bio‐fuels, many other 
workers in agricultural support businesses have 
similar exposures to those of farmers and ranchers 
(72). Agricultural support businesses include ser
vices, sales, and processing of agricultural com
modities. These occupations and potential 
exposures are included in, but are not limited to, 
those listed in Table 1.3.

1.8  General Health Status of the 
Agricultural Population

Several studies from different countries suggest 
that the rural and agricultural populations have 
better general health status compared to urban 
populations, rural non‐farm populations, and 
other occupational groups based on the major 
causes of death and morbidity. The farm popula
tion has lower cancer rates and cardiovascular dis
ease rates, including ischemic heart disease and 
stroke (73, 74). Details of lower overall cancer 
risks are seen in Chapter 5. In Sweden, Stiernstrom 
and colleagues (75) have found lower morbidity 
in the farm population due to lower rates of can
cer, alcohol‐related diseases, psychological condi
tions, cardiovascular conditions, and urinary 
conditions. The “farmer health effect” for these 
health benefits ranges from 20% to 50% lower 
relative risk, depending on the study and the 
country (76).

The reasons for these health benefits are thought 
to be lifestyle factors, including (1) decreased 
smoking, (2) less alcohol consumption, (3) more 
exercise, and (4) healthier diet (75). It is clear 
that farmers smoke significantly less (approxi
mately 50% less) compared to the  general popu
lation (77, 78). They also appear to consume less 
alcohol (79). Increased exercise might also be a 
benefit for farmers, primarily from their work, as 
they expend as much as 30% more calories per day 
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than the general population (75). However, their 
leisure time is less likely to include vigorous aerobic 
cardiovascular exercise (75). Farmers’ body mass 
indexes are similar to those of the general rural 
population (79). Although there are no large‐scale 
definitive dietary studies relative to health out
comes in the farming population, there is slight 
evidence that farmers’ diets may be a health 
benefit (73).

Contrary to the positive health benefits associ
ated with farming, studies in Australia have 
revealed a different picture, as farmers there 

appear to have greater obesity (with larger girths) 
and higher risk for diabetes and metabolic syn
drome, binge drinking (80–82), and suicide (83).

1.9  Occupational Health Status of the 
Agricultural Workforce

Although the general health status of farmers 
(owner/operators) appears to be better than 
 comparison populations (Table 1.4), their occu
pational health appears to be one of the worst 

Table 1.3 Agricultural support and service occupations that may have similar occupational exposures 
to farmers and ranchers

Agricultural–exposed occupations Potential exposures

Veterinarians, veterinary assistants Animal‐related injuries
Rural roadway crashes
Organic dusts (e.g., livestock confinement buildings
Zoonotic infections
Antibiotics and resistant organisms
Veterinary biologicals and therapeutics
Insecticides used on animals
Excessive noise inside livestock buildings (mainly swine)

Livestock and poultry production/animal health 
technicians (employees of large integrated livestock 
production companies who service the companies’ 
animals and contract growers)

Animal‐related injuries
Rural roadway crashes
Organic dusts (e.g., livestock confinement buildings
Zoonotic infections
Antibiotics and resistant organisms
Veterinary biological and therapeutics
Insecticides used on animals
Excessive noise inside livestock buildings (mainly swine)

Livestock auction sale employees Animal‐related injuries
Organic dusts (e.g., inside livestock sales buildings)
Antibiotic‐resistant organisms
Zoonotic infections
Excessive noise inside livestock sales buildings (mainly swine)

Meat and poultry processing plant workers
•	 Those handling live animals
•	 Those killing and processing animals

Animal‐related injuries
Organic dusts
Antibiotic‐resistant organisms
Zoonotic infections
Excessive noise (mainly swine)

Livestock transporters Animal‐related injuries
Organic dusts
Antibiotic‐resistant organisms
Zoonotic infections
Excessive noise (mainly swine)

Crop production service workers
•	 Pesticide formulators, mixer/loaders, applicators
•	 Crop scouts

Pesticides
Fertilizers
Stinging/biting arthropods

Grain elevators/animal feed mixing, loading,  
and delivery

Rural roadway crashes
Organic dusts (grain dust)
Antibiotics and other growth‐promoting feed additives
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among all occupations (84–86). Since the 
 writings of Olaus Magnus (87) of Sweden in the 
mid‐1500s and Ramazinni in the 1700s (4) on 
occupational diseases, there have been numerous 
reports, review articles, books, and book chapters 
documenting the low occupational health status 
of the agricultural workforce (3, 11, 15, 68, 88, 
89). Agriculture in every industrialized country is 
one of the most hazardous occupations, based on 
occupational fatality rates, non‐fatal occupational 
injury rates, and occupational illness rates.

1.10  Occupational Injury and 
Illness Statistics

There were 479 occupational fatalities in 2013 in 
the US agricultural industry, resulting in a fatality 
rate of 22.2/100,000 (90). This compares to 

3.2/100,000 (2013) for all US occupations, 
 making the US farm fatality rate over seven times 
higher. Fatality rates for youths under 20 years of 
age are about 8/100,000, over twice the fatality 
rate for all occupations. Fatal injuries in most 
other developed countries are lower than the 
United States, for example, fatality rates among 
farmers in Canada are 11.6/100,000 (92) and in 
Finland are 6.5/100,000 (91).

Accurate reporting of non‐fatal injuries and 
illness is more challenging than for fatal injuries. 
There are large variations in reporting regarding 
rates of non‐fatal injuries. For the United States, 
rates vary from about 5/1000 to 170/1000 (90, 
93–95). Studies that had an active injury surveil
lance process recorded 420/1000 (91, 94). Most 
studies fall somewhere in the middle of this range, 
around 100/1000. In other words, one out of 
10 farmers suffers a disabling injury every year. 

Table 1.4 Overall health status (morbidity and mortality) of the farm population relative to comparison 
populations

Comparison population Location Findings Reference

Rural compared to urban populations New York
Kentucky
United States overall
Poland
Costa Rica
United States

Lower overall mortality
Lower cancer mortality
Lower cardiac mortality and 
risk factors

70, 71
86, 87
88

Agriculture compared to the general  
population

Scandinavia
New York
Iowa and North
Carolina
Australia

Lower mortality by 10%
Lower mortality
(40%)
Lower mortality
(50%)
Higher risk for 
cardiovascular disease, 
diabetes, and binge drinking
Male farmers higher for all 
causes of death (33%), 
especially circulatory and 
neoplasms

89
85
90
77
78, 79

Agriculture compared to the rural  
population

New York
Sweden
Iowa

Lower overall mortality
Lower morbidity
Lower mortality overall and 
cardiovascular (20%)

85
72
73, 74

Agriculture compared to other  
occupations

Italy
Sweden
Sweden

Lower mortality: 
cardiovascular (50%), 
cancer (28%), overall (46%)
Lower mortality
Lower morbidity (15–70%)

91
92
75
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Comparing nonfatal injury rates in the United 
States to other countries, the United States rate is 
comparatively high. For example, Canadian 
farmers report 03.9/1000, compared to 3.2/1000 
for all occupations (53, 92).

Occupational illness rates are even more diffi
cult to quantify than non‐fatal injuries because 
such illness in self‐employed people would rarely 
be identified as occupation related (there is no 
mechanism to create a need to report). Therefore, 
objective data is mainly based only on employed 
workers, where the employers are required to 
report. Other data are based on self‐reported sur
veys, which have inherent sensitivity and specific
ity problems. Given these caveats, the US Bureau 
of Labor Statistics (90) indicates an illness rate of 
3.1/1000. The top three conditions causing these 
illnesses were skin conditions (56%), cumulative 
trauma (14%), and respiratory diseases (13%). 
Data from the Finnish insurance company Mela 
indicate that occupational illnesses in agriculture 
occur at a rate of 6.4/1000. Respiratory illnesses 
make up nearly 40% of these conditions, fol
lowed by skin (21%) and joint illnesses (31%) 
(96, 97).

Not only is there an important loss of human 
resources from agricultural injuries and illnesses, 
there is also an enormous economic consequence. 
Leigh (98) found that each agricultural fatality 
creates an expense for the family on average of 
$29,904 direct and $555,770 indirect costs (in 
2013). When multiplied by all the fatalities that 
occur annually in the United States, this adds up 
to $306 million. Adding the estimated costs for 
disabling injuries brings the annual total to nearly 
$4 billion.

1.11  Persistent and Emerging 
Megatrends in Agriculture: 
Health—Safety Implications

Domestic and international economic, techno
logical, and policy changes have caused major 
changes in the agricultural industry over the 
years. Some of the economic policies were 
reviewed earlier in this chapter. These changes 

have not only had an effect on the structure of 
agriculture, but also have affected the socioeco
nomic status, health, and safety of the agricul
tural workforce (58, 60, 99). The authors of this 
chapter have chosen 11 persistent or emerging 
megatrends, which are discussed below. Along 
with describing the megatrends, the authors will 
discuss how these megatrends have or may affect 
the health, safety, and general wellbeing of pro
ducers and the agricultural workforce.

Persisting Demographic Trends in Farm  
Type, Size, and Human Capital

Decreasing Number of Traditional  
Family Farms

Small traditional family farms are sometimes 
referred to as “the farms in the middle," as large 
industrial‐style farms increase at one end of the 
scale and small alternative niche farms increase at 
the other end. Factors that influence this trend 
include increased production costs (replacing 
labor with powered machines and a vast array 
of  technologies and production inputs) and 
increased costs for compliance with stricter 
 environmental and worker health standards. 
With the increase in employed farm workers that 
accompanies large farms, the general make‐up of 
the rural population remaining in agriculture is 
moving from a relatively high socioeconomic 
 self‐employed, owner‐manager occupation to a 
wage‐earning farm worker base and a shift to an 
overall lower socioeconomic status of the farm 
workforce (100).

These factors combined have resulted in not 
only economic stress, but also social stressors within 
communities who struggle to meet the social needs 
of the new workforce, with dwindling economic 
resources and infrastructure. Furthermore, these 
issues have increased the risk for mental as well as 
physical health issues for the remaining farmers. 
Additionally, as there is less economic incentive for 
new farmers to come into the industry, the family 
farm sector continues to consist of older producers. 
Geriatric health issues have become complexed 
with occupational health issues in the owner/ 
operator agricultural workforce.
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As these challenges to traditional family farms 
persist, it is very important to note that this group 
still comprises the majority of people involved in 
production agriculture, over 80% in most indus
trialized countries.

Increase in Large Industrial‐style Farms

With increasing farm size and transition to more 
industrial‐style operations there also comes a 
 separation of management and labor, and 
increased numbers of farm employees. A second 
trend accompanying agricultural industrialization 
has been increasing economic and political con
trol of the agricultural industry based on a greater 
economic base through consolidation and vertical 
integration. Domestic and international eco
nomic and trade policies have facilitated the rise 
of international vertically integrated food corpo
rations (101, 102). These food companies have 
political power and can affect the policies and 
international trade agreements that facilitate their 
style of operations (103, 104). This is in sharp 
contrast to smaller family operations that have 
 little control over their situations. Such lack of 
self‐determination exacerbates their personal stress.

Farm Government Policy Issues

Government Subsidization of Agriculture

Subsidization of agriculture in industrialized 
countries has affected both domestic and foreign 
markets. Many countries are conflicted about the 
direction that policies are pushing agriculture 
(103, 105). For historical, social, political, and 
domestic food security purposes, many nations 
would like to maintain a family farm struc
ture  (106, 107). However, this requires a large 
farm subsidy, which is a significant economic cost 
(108, 109). These subsidies create difficulties for 
developing countries, as they often are challenged 
to compete on the world markets with subsidized 
products from the industrialized countries, thus 
challenging their domestic food security efforts. 
The international lenders (e.g., the World Bank) 
to developing countries often require that their 
loans support potentially exportable commodities, 

which have the potential to create cash flow, and 
help service their loans. However, these exporta
ble commodities may differ from those products 
that are important to their domestic food supply, 
thereby adding additional barriers to the develop
ment of the domestic food security system.

In some countries (e.g., the United States), 
conservative and liberal political voices disagree 
on domestic farm policy. The liberal side argues 
for food polices to feed the less privileged. The 
conservative side favors policies supporting strong 
production, larger commodity producers, and 
enhanced export markets (102). This division has 
created uncertainty in the markets and additional 
stress on farmers. In recent years, US farm policy 
has included subsidized crop insurance, replacing 
gradually diminishing direct support payments. 
The government pays a major portion of the pre
miums for crop insurance for those who sign up 
for it. This policy significantly reduces the risk of 
economic loss with crop failure (and therefore 
reduces excess psychological stress) from adverse 
weather or other acts of God. This policy will 
become more important as climate change prom
ises the probability of increased adverse and severe 
weather conditions. The negative aspect of this 
policy is that it encourages farmers to produce 
crops on marginal lands, which may lead to 
increased environmental stress.

International Trade Agreements

International trade agreements have been in exist
ence since the early 1900s. These agreements 
have been growing and involving agriculture 
since 1948, beginning with the General 
Agreement on Tariffs and Trade (GATT). This 
agreement gave rise to World Trade Organization 
(WTO) (110) in 1994. The WTO is composed 
of 154 member nations who negotiate general 
rules to keep trade flowing between nations while 
guarding against undesirable economic, social, 
and environmental side effects. Individual nations 
promulgate numerous separate trade agreements 
with neighboring countries or individual distant 
partners to form economic blocks. For example, 
the European Community (EU) has agreements 
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in place or pending with well over 200 nations 
(111). As of 2015, the United States has current 
agreements with 17 countries, with 12 additional 
agreements in process (112). All these separate 
agreements are to be based on the general princi
ples of the WTO, which helps promote oversight 
and discipline in the agreements. Although these 
agreements have generally facilitated economic 
advancement of the agricultural industry, critics 
claim they are too highly influenced by and give 
favorable treatment to large multinational corpo
rations at the expense of family farm producers 
and farm workers (103). In addition, these agree
ments distort markets for certain commodities 
and drive up food prices in other instances. 
However, international trade agreements are a 
growing trend that in all likelihood will continue 
well into the future. If so designed, these agree
ments could help promote the health and safety 
of farmers and farm workers. For example, the 
agreements could include standards for the health 
and safety of farmers and farm workers, and 
 environmental protection standards among the 
member states. However, this has not been a 
component of these agreements in the past. 
Perhaps with influence from relevant nations’ 
health and safety governmental organizations and 
NGOs, these agreements could be a component 
of future agreements. The trans‐Pacific partner
ship being negotiated (as of December 2015) 
between the United States and 12 Asian nations 
includes statements on enhanced labor and envi
ronmental protection. This agreement might be a 
model for future agreements that could counter
act some of the negative aspects of trade agree
ments on the human capital in production 
agriculture.

Occupational Health and Safety 
Standards

Occupational health and safety standards are 
 varied among nation states. Developed countries 
generally pay more attention to occupational 
health and safety than less developed countries. 
Industrialized countries generally have some 
standards, but they often do not pertain to small 

family farms. However, as farms become larger 
and have more employees, and social and demo
cratic systems become stronger, occupational 
health and safety standards and enforcement will 
likely become more prominent. (This issue is 
 discussed in more detail in Chapter 15.)

The Rising Voice of the Consumer, the 
General Public, and Powerful Food Retailers

Since the 1990s there has been an increasingly 
powerful consumer voice calling for “unadulter
ated” food and food produced in a sustainable 
and humane way (e.g., public demand for 
 products free of antibiotics, infectious organisms, 
antibiotic‐resistant organisms, pesticides, growth 
promotants, genetically modified organisms 
(GMOs), and for food animals to be raised under 
humane conditions; 113). Demand for more 
“naturally produced products” has created new 
niche markets for a variety of producers (114). 
Organic products are increasingly in demand by 
consumers (115). Food animals grown under 
more “natural conditions” are increasingly in 
demand by consumers. This helps provide more 
market opportunities for many new and transi
tioned traditional small family farms. These types 
of operations in this growing sector of agriculture 
are called “alternative farms.” Unfortunately, 
from the producer health aspect, the equipment 
and methods for these alternative farms are simi
lar to those used in farming several generations 
ago. The equipment may be old and lack modern 
safety features, for example old tractors without 
roll over protection (ROPS) and with unguarded 
drive lines (power take‐off shafts). Also, the 
nature of the work is largely heavy manual labor, 
often conducted with poor ergonomic standards 
and leading to a high risk for musculoskeletal 
conditions such as low back pain. Furthermore, 
some of these operations may be worked by per
sons new to agriculture. They may have come 
from the city to seek a new lifestyle and may not 
be familiar with agricultural machines and the 
necessary safety devices and precautions. This 
group of new alternative farmers is potentially at 
higher risk for occupational injuries compared to 
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other workers. However, there is little surveil
lance or research to provide guidance as to their 
risks and prevention. These generalizations are 
based on this author’s (KJD) experience and 
observations. As an evidence basis is currently 
lacking for these generalizations, this is an impor
tant area for new research, surveillance, and 
intervention.

Many food retailers and restaurants have 
responded to consumers concerns and are finding 
a market advantage by demanding from their 
suppliers products grown free of “contaminants” 
(hormones, antibiotics, pesticides, GMOs, i.e. 
organic). An example in Australia is the Coles 
supermarket chain, which has moved to only 
stocking hormone‐free meats. Some restaurants 
are seeking sources of meat from animal raised 
humanely, for example McDonald’s has dropped 
a supplier because of allegations of animal cruelty 
(116). Some farmers are also responding to this 
demand, for example Niman Ranch markets 
pork and beef “certified” to be grown organically 
and with high humane standards (117). A num
ber of terms are being used by marketers to attract 
those interested in what they perceive as more 
healthy foods. However, few of these terms have 
an official definition or value of assurance. The 
states/countries governmental departments of 
agriculture are a good source to determine the 
meaning and value of various labels and claims.

In addition to individual consumer concerns, 
there is increasing public scrutiny of agricultural 
operations regarding environmental contamina
tion, consumer and public health, and occupa
tional health. The general public in most 
industrialized countries is no longer willing to 
give agriculture special “exempt” status for pollut
ing the environment. Many people feel that agri
culture should be held to the same standards as 
any other industry. The popular press features 
many authors who advocate for sustainable food 
systems, for example Michael Pollan’s Omnivores 
Dilemma (118) and McFague’s Blessed are the 
Consumers (119). Furthermore, the burgeoning 
field of information and communications tech
nology, the internet, and social media have 
 enabled the breadth and strength of the public’s 

concern and voice to be heard. Although much of 
the public’s concern is driven by emotion rather 
than science, they maintain a strong effect on 
how and what the farmer produces and how it is 
done. Consequently, new regulations have/are 
being developed, such as required minimal 
requirements for the size and dimensions of ani
mal pens, stocking densities, humane kill pro
cesses at slaughter, and labeling requirements for 
the source and content of foods. These require
ments are creating the need for farms to expend 
resources to meet these regulations. Although the 
regulations will focus more on large operations, 
they may have a greater economic impact on 
small farms. They will increases economic stress 
and may force some out of farming. A new way 
forward will be to see how these interests can 
work together with farmers. An important 
 positive result of this trend could be a new direc
tion for increased sustainability of agricultural 
production.

The Rise of Niche Markets and Local  
Food Production

The consumer demand for alternative agricul
tural products and more ecologically sustainable 
production has linked the alternative agricultural 
producer to new‐found niche markets for organic 
crops, exotic crops, and locally produced food. 
One example of these local markets are commu
nity groups who share in sponsoring a local farm 
and consuming its produce (community spon
sored agriculture). The 2011 US Census of 
Agriculture revealed 45,640 new farms were initi
ated since 2002; most of these were in the cate
gory of alternative agriculture (63). A higher 
percentage of these farms are owned and operated 
by women compared to traditional farms. This 
movement is related to the growing public con
cern and interest in more sustainable agriculture 
and "local food" with fewer “food miles.” 
Additional to the demand for organic products, 
there are also new markets for products such as 
ginseng, meat from ostriches, emus, deer, and 
buffalo, and many other exotic products. 
Furthermore, there is a new demand for a closer 
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connection between the grower and the con
sumer (120, 121). Farmers’ markets and local 
farms are linking with local urban dwellers, 
increasing opportunities for small farms to pro
vide fresh farm products to their local commu
nity. Energy production is also a developing 
sector. Wood chips and oats are being used for 
fuel in Europe. Farmers in many areas of North 
America, Australasia, and Europe are growing 
grains for biofuels, producing methane from ani
mal wastes for fuel, and installing wind genera
tors and solar panels to power their own farms 
and to sell power commercially.

Food costs for the consumer from alternative 
farms are usually higher than traditional sources. 
However, as long as the consumer economy can 
afford this extra cost and the social values of the 
consumer hold, this type of farming will continue. 
This style of production has even spread to aban
doned available urban spaces, with urban agricul
ture emerging in some of our large cities (122).

Efforts toward investigating the issues and 
developing appropriate interventions to promote 
the health and safety of these new‐style producers 
is an important evolving issue in the field of 
 agricultural health and safety.

Consumer Dietary Habits

International dietary habits include a continually 
rising consumption of fast food. Consequently, 
the fast‐food industry continues to expand inter
nationally. This industry demands very strict uni
form standards of product, delivery times, and 
amounts. These attributes are most effectively 
supplied by industrial‐style agriculture. Individual 
family farms find it difficult to reliably supply 
under these strict specifications. This trend there
fore favors the large compared to the small family 
or alternative farms.

The rapidly developing economies (e.g., 
China, India) have created more wealth in these 
countries, and thus an increased demand for ani
mal protein compared to plant and fish protein 
(105). While these countries may export grains 
(e.g., rice), their improved economies have 
increased their appetite for and ability to purchase 

red meat and poultry (123, 124). This in turn has 
increased the markets for livestock producers in 
industrialized countries, where livestock pro
duction has expanded to fill new market demands 
(125). As this trend continues, there will be a 
greater demand on grain production to feed 
the animals, as it takes approximately 2.5 times 
the amount of grain to produce the same nutri
tional output compared to eating a plant‐based 
diet (126).

Increased health consciousness and diet fads of 
industrialized countries (e.g., low‐fat diets in the 
1970s, and low‐carbohydrate, high‐protein, and 
gluten‐free diets in the 2000s) have also created new 
product demands. The agricultural industry has 
responded by dramatically increasing the amount of 
chicken produced and selecting for genetics of 
leaner pork and beef. These trends favor larger and 
more industrialized farms, which can respond more 
rapidly to consumer product demands.

The Rise of New Players in the 
World Market of Agricultural 
Commodity Producers

Brazil, Argentina, India, and China have emerged 
as major agricultural exporting nations (127). As 
these countries are lower‐cost producers, and the 
industrialized countries have depended heavily 
on export markets, this emerging and expanding 
competition continually demands higher produc
tivity of the traditional agricultural exporting 
countries. Globally, this results in lower prices 
for  commodities and decreasing profit margins, 
which adversely affects small farms in more 
developed countries.

The Advancing Technological Tools for 
Production Agriculture

Advance technology tools (precision technolo
gies) are evolving largely as a means to increase 
productivity by decreasing labor and increasing 
crop input (128). Genetically modified crops, 
new plant protection products, global position
ing technology creating near robotic planting 
and  harvesting machines, robotic dairies, drone 
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airplanes for surveillance of crops and livestock, 
and biofuel production are all current realities. 
Mechanization of agriculture has been ongoing 
since the mid‐1800s, but this new phase of 
machines replacing human labor is occurring at a 
much higher rate in industrialized countries. This 
may diminish the opportunities for work in agri
culture for many populations, particularly the 
lower socioeconomic contingent of the labor 
force. However, these interventions may reduce 
health and safety issues by distancing the worker 
from hazardous work places or exposures. There 
is currently no research to identify the benefits, or 
unknown unintended consequences, relative to 
the health of farm operators or workers of these 
new technologies. There are certain potential 
environmental benefits of precision agriculture, 
such as more efficient and safe use of fertilizers 
and crop protection products.

Climate Change

There is little doubt among the scientific com
munity that global climate change is real. The 
 following facts relative to agriculture are within 
the realm of high probability (129):

1. The oceans are warming and the polar ice 
fields are melting.

2. There is an increasing frequency of severe 
weather incidents, including heavy rain, flood
ing, droughts, tornados, typhoons,  temperature 
elevations and cyclones.

The effects on production agriculture will vary 
geographically and temporally. There may be a 
benefit in some areas as warm‐weather cereals 
such as corn (maize) will be able to be grown fur
ther north. However, in other areas, current crops 
will not be able to be grown, and new varieties or 
species will have to be investigated as possible 
substitutes for previous crops. Models and pre
dictions for this change are not precise, leading to 
uncertain growing seasons. These circumstances 
lead to additional economic and thus psychologi
cal stress through possible and actual decreased 
yields. For example, the psychosocial health of 
the farm population has been challenged in 

Australia as a result of the persistent 10‐year 
drought (now referred to as the millennium 
drought). Over 60% of the nation was declared 
in exceptional drought in 2007. Certain sectors 
of the farm population have suffered extreme 
stress, including increased suicides (80, 81). 
However, in general the adverse effects of climate 
change will be unevenly distributed toward devel
oping countries, as they have fewer resources to 
counteract the issues, such as advanced harvest 
equipment, crop storage, and technology such as 
genetically adapted seeds and crops. The greater 
effects of climate change challenge global food 
security in the short and long term as the world 
grapples with adequate food production for the 
expanding world population.

Challenges of Producing Food for Nine 
Billion People by 2050

The scientific and public health communities 
share concern about population growth and the 
ability of our agricultural enterprises to be able to 
provide sufficient nutrition in the future. With 
the 2015 world of six billion projected to grow to 
nine billion by 2050 (123) the agricultural 
industry is at the forefront of this challenge to 
produce sufficient food, fiber, and fuel to sustain 
the  projected 50% increase in population. 
According to the WHO World Food Program 
(130) nearly 18% of the people currently on the 
planet are malnourished. The current industrial 
agriculturalists are building on native Iowan’s 
Norman Borlaug’s “Green Revolution” of the late 
1960s with new biological and mechanical 
technologies. This assumes, however, that our 
world’s agricultural industries are sustainable. 
This assumption is not a given, as there are many 
challenges to creating a sustainable world food 
system. Grain production has declined in many 
developing countries (and less developed coun
tries; LDCs), with slowing growth in production 
in the United States, Australia, and Canada, and 
uncertain performance in the former Soviet bloc 
countries. However, production is increasing in 
Brazil, Argentina, and China (127). Tillman (126) 
suggests that the global agricultural industry has 
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the potential capacity to produce enough for 
eight to ten billion people. However, there is little 
consensus on how to sustainably produce food at 
these high demands. Challenges include food 
safety, degradation of the environment and deple
tion of biodiversity (131), climate change, deplet
ing water resources, and lack of transportation 
and storage infrastructure. However, an extremely 
significant factor seldom mentioned in sustaina
bility and growth in agricultural productivity is 
sustaining the health and safety of the people 
who do the work—the human capital in the 
 agricultural industry.

Emerging and Re‐emerging Zoonotic 
and Livestock Infectious Diseases, 
and Food Safety

Infectious diseases re‐emerged in the early 1980s 
as an important public health issue in developed 
countries, coincident with the emergence of the 
human immunodeficiency virus (HIV) (132). 
Like HIV, over 60% of the new and emerging 
infections are of zoonotic origin (diseases originat
ing in animals and/or in common with humans) 
(132). The emergence of these infections is in 
some cases associated with ecologic changes and 
human activity (133), including agriculture. Some 
of these agents affect only livestock but can cause 
extreme economic and psychological stress to the 
farmer. The following list includes some of the 
emerging and persistent infections of interest for 
agricultural populations.

•	 NIPAH and Hendra virus infections in animals 
and people have created animal and human 
illnesses in Malaysia, Australia, and other 
South‐East Asian countries.

•	 Bovine spongiform encephalopathy or mad cow 
disease in the UK, other EU countries, Japan, 
and North America among other countries has 
created an economic burden as well as a public 
health concern (currently under control by 
virtue of a stringent surveillance and eradica
tion program).

•	 Foot and mouth disease is endemic in many 
developing countries and emerges sporadically 
in developed countries. Although not infectious 

for humans, it causes severe economic and 
emotional burden to cattle, sheep, and swine 
producers.

•	 Food‐borne infections of animal origin include 
Escherichia coli (strain 0H157‐H7), Salmonella, 
Listeria, and Campylobacter. These agents are 
often carried from the farm to the fork, creat
ing public health, economic, and producer 
public‐image concerns for both livestock and 
crop producers.

•	 Avian and swine influenza remain on the global 
public health radar as potential agricultural 
sources of an infectious epidemic.

These infections are examples of persistent 
and emerging zoonotic agents that have significant 
physical and psychological occupational health 
concerns for farmers, their families, and the 
 general public. They also have significant impli
cations for markets. For example, Canada’s and 
England’s beef export markets (among other 
countries) were closed because of mad cow dis
ease (bovine spongiform encephalopathy) for sev
eral years in the early 2000s, creating a critical 
economic burden on the beef producers as they 
had no markets for their cattle. The 2001 response 
to the outbreak of foot and mouth disease in the 
UK resulted in the destruction of thousands of 
cattle and sheep herds. The associated economic 
and mental stress among the farming population 
was severe, leading to increases in suicide (134).

Human Capital (Farmer and Farm Worker 
Health and Safety): The Missing Component 
of Sustainability Discussions

The discourse on the health of agricultural people 
has long been lacking among production agricul
tural scientists and policy makers. This issue was 
first written about in publications in the 1990s 
(58). However, the term “sustainability” is now 
reaching common discourse and there is new 
promise that the issue of farmer health can be 
included in the context of sustainable practices. 
Andrew Savitz (135) condenses sustainability of 
industries to sustaining three essential compo
nents: (1) profit, (2) planet, and (3) people. 
Profit, of course, is self‐explanatory. If a profit is 



Chapter 1 Introduction and Overview 31

not made, a business will close very quickly. 
Savtiz posits that a business must not make a 
profit at the expense of the environment or pub
lic health. The third of Savitz’s three Ps is people, 
referring to the health and maintenance of those 
who do the work. Particularly within the agricul
tural industry, agricultural health and safety 
(the people, the human capital) is highly under‐
represented in investments and policy around 
discussions of sustainability of the industry. Susan 
Brumby, the director of the Australian National 
Center for Farmer Health, recognizes this issue. 
The flagship program of that center is Sustainable 
Farm FamiliesTM (136–138). This program recog
nizes the fact that if farmers do not have their 
health, they do not have a sustainable operation. 
However, the sustainable health of farmer and 
worker is slow work, as globally agriculture 
remains one of the world’s most hazardous indus
tries. Although some strides have been made in 
this arena in the past decades, agriculture health 
and safety still lags far behind that of other indus
tries. The way forward is to raise awareness of this 
situation and prepare a broad, multidisciplinary 
group of professionals to challenge the issue in 
their daily work. That is the essence of the 
remainder of this book.

The following section is a brief overview of the 
major health and safety issues in production agri
culture. This section leads to a detailed treatment 
of each of these health and safety areas in the fol
lowing chapters.

1.12  A Preview of Specific 
Occupational Health and Safety 
Risks and Conditions

The section provides an overview of the specific 
conditions that will be covered in the following 
chapters of this book. The objectives are to assist 
the reader to understand the exposures and risks, 
and, most importantly, prevent these conditions. 
The topics were chosen by consensus of our 38 
member advisory group (47) to this text, along 
with an extensive literature review (over 1300 
 references searched). Additional input comes from 

the over 80 years of combined direct practical 
farm experience of the two principal authors of 
this book (KJD and AT), as well as research, 
teaching, clinical, and preventive aspects in the 
field of agricultural medicine. The following par
agraphs provide a brief overview of each of the 
conditions and injuries and the referent chapter 
where they are discussed in depth. Other refer
ences for this overview are found in the several 
reviews and books (12, 15, 68, 139, 140).

1.12.1  Special Risk Populations in 
Agriculture (Chapter 2)

Children, women, the elderly, migrant and sea
sonal farm workers, and Anabaptist religious 
groups are populations at increased risk for illness 
or injury from exposure to the farm environment. 
Children are at risk because they live, play, and 
may work in the same hazardous work environ
ment as their parents (141). Children may not 
have the physical or mental developmental capac
ity to play or work safely in this environment 
without close informed parental supervision.

Pregnant women exposed to certain zoonotic 
infectious agents or veterinary pharmaceuticals 
(oxytocin or prostaglandins), carbon monoxide, 
and certain insecticides or herbicides may risk 
damage to an unborn fetus.

Elderly farmers are at increased risk because as 
they age their physical and cognitive faculties 
might be diminished, increasing their risk of 
injury in a hazardous working environment. 
Also, they may have co‐morbidities such as poor 
eyesight, hearing loss, arthritis, and diabetes that 
may increase their risk of injury. Furthermore, 
the elderly often use the older equipment they are 
used to, which is often less safe than newer 
equipment.

Migrant and seasonal workers are at risk because 
they are generally of a poorer economic and social 
circumstance (one of the most common links to 
general health status is socioeconomic status), 
have language barriers, lack education, and have 
physically hard jobs in hot environments.

Anabaptist groups are at increased risk because 
the equipment they use is often old or homemade 
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and without safety features. Furthermore, their 
cultural and spiritual beliefs include minimal use 
of mainstream health care, which decreases their 
probability of having up‐to‐date immunizations, 
prenatal care, and early diagnosis of chronic 
disease.

1.12.2  Agricultural Respiratory 
Conditions (Chapter 3)

Based on research and surveillance data, and the 
authors’ experience, respiratory illnesses are the 
most important occupational illness of agricultural 
workers. Available data reveal that 10–30% of agri
cultural workers experience one or more occupa
tional respiratory conditions (142). The most 
frequent causative agent of respiratory illness is 
organic (agricultural) dust from livestock produc
tion and handling grain, silage, or hay. There is a 
syndrome of respiratory conditions caused by agri
cultural dust that includes bronchitis, asthma‐like 
condition, and irritation of the upper airways 
mucosa and eyes (mucous membrane irritation, 
MMI), organic dust toxic syndrome (ODTS), 
and farmer’s lung (hypersensitivity pneumonitis). 
The former two conditions are usually chronic, 
and the latter two are usually acute influenza‐
like   conditions lasting one to several days. 
However these  conditions may also have chronic 
components.

Less common hazards that add to the library of 
risks for respiratory conditions include (1) silo gas 
from non‐airtight silos, (2) hydrogen sulfide and 
ammonia from decomposing livestock manure, 
(3) fumigant pesticides or biocides, (4) zoonotic 
infectious agents, and (5) the herbicide paraquat.

1.12.3  Agricultural Skin Diseases 
(Chapter 4)

Several reports indicate that skin conditions are 
the most frequently reported type of agricultural 
illness (143, 144). The most common skin condi
tion is contact dermatitis, which may occur as an 
irritant or allergic contact dermatitis. The latter 
can occur within minutes or over the course of 
days or months. Contact dermatitis may also 

occur concurrently with sun exposure causing a 
chemical change to the offending substance on 
the skin, which then becomes an irritant or aller
gen (e.g., furocumarins in the sap of plants of the 
Umbelliferae family). Some irritant or allergenic 
substances may be contracted from airborne 
exposures (airborne contact dermatitis), such as 
cape weed in South Australia and ragweed in 
North America. Several plants cause delayed 
allergic contact dermatitis, including those that 
contain the allergen erushiol (poison ivy, poison 
oak, poison sumac).

Sun and heat exposure are the second most 
common causes of skin conditions. Sunburn and 
miliarial rubra (prickly heat) are the two most 
common acute skin conditions caused by sun and 
heat. Chronic sun exposure causes wrinkling and 
thickening of the skin, precancerous lesions called 
actinic keratoses, and the skin cancers squamous 
cell carcinoma and basal cell carcinoma. 
Melanoma is thought to be caused by multiple 
sunburns at an earlier age in life, but may also be 
related to total impact of sunshine.

Ringworm (dermatophytosis) contracted from 
cattle is the most common zoonotic fungal infec
tious skin problem among farmers handling ani
mals, especially dairy farmers. There are numerous 
arachnids and insects (including mites, ticks, 
 spiders, and stinging or biting insects, i.e. wasps, 
ants, and mosquitoes) that may cause minor to 
very severe irritation of the skin.

1.12.4  Cancer in Agricultural 
Populations (Chapter 5)

The farming population (primarily because 
they  smoke less) benefits from lowered overall 
cancer because they have less lung cancer (one of 
the most common cancer fatalities) and other 
smoking‐related cancers (e.g., bladder, esopha
geal, kidney). Overall colon and rectal cancer 
seems to be lower (except in Australia), and farm 
women have less overall breast cancer. Besides not 
smoking, there may be other cancer protective 
factors in farming, but they have not been clearly 
identified. However, there are several cancers for 
which the farming population may be at increased 
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risk, including lymphoma, leukemia, multiple 
myeloma, prostate, skin, and brain. Of various 
speculative risk factors for these cancers, only 
excessive sun (skin cancers), methyl bromide, 
fonophos and family history (prostate cancer), 
and acetic acid herbicides (non‐Hodgkin’s lym
phoma and soft‐tissue sarcoma) exposures are 
relatively proven risk hazards.

1.12.5  Toxicology of Pesticides 
(Chapter 6)

Although the issue of pesticide exposure is often a 
dominant concern among the farming popula
tion, acute poisonings and fatalities are far less 
common than acute traumatic injuries or respira
tory illnesses. Whilst some of the pesticides (espe
cially the cholinesterase‐inhibiting chemicals) 
used are very toxic, they are largely being replaced 
by less toxic insecticides (e.g., pyrethroids, and 
neonicotinoids). The most common health haz
ard of the latter two insecticides classes and herbi
cides (chemicals that kill weeds) is contact 
dermatitis. Herbicides are used in far larger quan
tities than insecticides.

1.12.6  General Environmental Health 
Hazards in Agriculture 
(Chapter 7)

Adverse water quality from nitrate contamination 
is the most important general environmental 
health hazard for agricultural workers and those 
living in a rural environment. Consumed nitrates 
are converted to nitrites in the gastrointestinal 
tract, which can lead to methemoglobinemia, 
which limits the red blood cells’ ability to carry 
oxygen. The condition is most critical in infants 
(causing the condition “blue baby”). Nitrates may 
also be a carcinogenic risk, as nitrates in the pres
ence of amino acids or the herbicide atrazine may 
form nitrosamines, which are known carcinogens.

There are other water, air, and solid waste 
problems in agriculture, but these are more 
directly related to environmental quality degrada
tion and ecologic change, rather than direct 
 individual worker health hazards.

1.12.7  Musculoskeletal Diseases in 
Agriculture (Chapter 8)

Low back pain and degenerative osteoarthritis of 
the hip and knee are common among the agricul
tural workforce problems along with a number of 
other musculoskeletal disorders. Related to physical 
work these conditions are worsened by poor ergo
nomic working conditions, long working days, and 
heavy workloads. Furthermore, carpal tunnel syn
drome is common among those working in meat 
and poultry processing. Musculoskeletal diseases 
(MSD) is one of the most common reasons for 
farmers to contact a healthcare professional. 
Managing these conditions includes modifying 
work practices with sound ergonomic practices.

1.12.8  Physical Factors Affecting 
Health (Chapter 9)

The work environment in production agriculture 
can be a hot or cold, vibrating and noisy place. 
All of these physical elements bring the risk of 
injury to the farm worker.

Heat Exposure Risks

Agricultural work is often undertaken in hot envi
ronments and/or in direct sunlight. As  agricultural 
work requires a great deal of energy consumption, 
the risk for heat‐induced illnesses is common. 
Heat exhaustion may be a minor problem pre
vented by protection from the sun, periodic rest 
from a hot environment, and increasing fluid 
intake. Untreated heat exhaustion may lead to the 
more serious condition of heatstroke, which phys
iologically includes incapacitation of the body 
temperature regulatory mechanism. The body 
temperature may raise high enough to cause brain 
damage, and combined with dehydration and 
electrolyte imbalance may result in death if not 
treated as an emergency condition.

Cold Exposure Risks

Work outdoors in extremely cold environments is 
often a requirement in the agricultural industry. 
Frostbite, which is the freezing of skin and 
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subcutaneous tissues, is a risk. Furthermore, cold 
environments exacerbate a condition called 
“white finger” or Raynaud’s phenomenon, which 
may be a result of chronic high‐frequency vibra
tion damage (from operating powered hand tools 
or chainsaws) to the nerves and blood vessels in 
the hand (today often referred to as hand‐arm 
vibration syndrome, HAVS). When the hands 
become cold, the vessels of the affected hands 
“shut down” circulation, leading to painful symp
toms and loss of refined hand movements.

Vibration‐related Injuries

Additional to Raynaud’s injury to the hands, 
vibration‐associated symptoms may also be seen 
in the arm and shoulder. Low‐frequency vibration 
can lead to subtle internal whole‐body vibration 
symptoms that might include back pain, nausea, 
and fatigue.

Noise‐induced Hearing Loss

The agricultural work environment is noisy, 
leading to the very common problem among 
farmers of noise‐induced hearing loss. Excessive 
noise and exposure over time causes direct dam
age to the hair cells of the middle ear, which 
transmit sound energy to the brain. Once dam
aged, the cells will not repair themselves and the 
loss is permanent. Loss of hearing increases the 
risk of injury to farmers, and communications 
problems in the home and social settings, lead
ing to social isolation.

1.12.9  Mental, Social, and Behavioral 
Health in Agriculture 
(Chapter 10)

Farming is an occupation that is increasingly 
filled with stress, mainly due to the unpredicta
bility of the climate and diminishing profit mar
gins. The culture of the agriculturalist is to 
persevere, rather than to seek help. Mental health 
issues carry more of a stigma in farming commu
nities than in urban communities. The social 
structure of the rural community is changing, as 
the population becomes sparser and the social 

structures and customs that enhance “neighbor
ing” change. As old social support structures are 
declining (e.g. church, neighbors) and formal 
mental health services are rare, many farmers and 
family members suffer as chronic stress builds to 
depression. The most severe outcome of this situ
ation is suicide, as chronicled in the true account 
of a stressed farmer in a Midwestern community 
in the United States (145). Gunderson docu
mented higher rates of suicide compared to the 
general population in the north central states of 
the United States (146).

1.12.10  Acute Agricultural Injuries 
(Chapter 11)

Acute physical injuries are the primary occupational 
health concern in agriculture, causing more fatalities 
and disabilities than any other category. Tractor‐
related events account for the majority of fatalities in 
the United States and quad bikes cause most in 
Australia. Regarding non‐fatal injuries, the primary 
sources include farm machinery and animal‐related 
contact, each accounting for about equal numbers 
of injuries. However, machinery injuries are usually 
more serious and account for more disabling inju
ries than animal‐related injuries.

In northern European countries farming is 
commonly combined with forestry. The risk of 
injuries is very high for farmers active in forestry.

Medical treatment of agricultural injuries is 
complicated by the extreme severity of tissue 
damage and even amputation. Severe trauma 
often combined with extensive contamination 
with soil and animal fecal material increases the 
risk for wound infections with anaerobic organ
isms and antibiotic‐resistant organisms. Delayed 
location, rescue, and emergency transport of 
 victims to appropriate medical facilities further 
complicate the prospects for good outcomes of 
these cases. Finally, rehabilitation of these victims 
often falls upon the rural primary care physician. 
Almost all injured farmers want to resume their 
farming activities, and it is up to the primary care 
provider in conjunction with public and private 
rehabilitation organizations to help injured farm
ers return to farming.
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1.12.11  Human Health Hazards of 
Veterinary Pharmaceuticals 
(Chapter 12)

Many products used for animal health or growth 
promotion may cause illness in humans who come 
in contact with these products. Accidental needle 
sticks are common among veterinarians and ani
mal handlers, and they carry the consequence of 
unintended trauma, infections, and toxicity or 
inflammation. Antibiotics, immunization prod
ucts, and hormones used in obstetrical procedures 
are common substances that may result in unin
tended illness in veterinarians or animal handlers. 
The largest concern with antibiotic use is the 
enhancement of resistant organisms and resulting 
resistant infections. Other concerns include severe 
toxic reactions (such as the antibiotic tilmicosin, 
which is cardiotoxic to humans) and allergies. 
Accidental inoculation with immunization prod
ucts may result in an infection of the product itself 
(live products), inflammation, or allergic response. 
The hormones oxytocin and prostaglandin are two 
products that may cause abortion in pregnant 
women if they are accidentally inoculated.

1.12.12  Agricultural and Rural Zoonotic 
and Emerging Infectious 
Diseases (Chapter 13)

Over 25 different infectious diseases can be transmit
ted from animals or the environment that may 
produce occupational illnesses in agricultural workers. 
At least 24 different zoonotic diseases are occupa
tional hazards in agriculture. These diseases are often 
difficult to diagnose as they have few characteristic 
symptoms. A basic knowledge of the general epide
miologic characteristics of these diseases and work 
that results in exposure will be reviewed in this text.

1.12.13  Prevention of Illness and 
Injury in Agricultural 
Populations (Chapter 15)

Farming (especially small family farms) is rela
tively unregulated compared to other industries in 
regard to occupational health and safety. The reasons 

for this are multifaceted, including the fact there 
are thousands of self‐employed operations with 
few employees, scattered across the countryside, 
creating logistical difficulty for inspection. 
Furthermore, governments recognize the inde
pendent culture of farmers, and thus are sensitive 
of regulations impacting on farm family work and 
the right of parents and families to make their 
own decisions. The most common regulation 
(internationally in developed countries, but not in 
the United States) is the requirement of rollover 
protective structures on farm tractors.

Most countries have regulations that apply to 
children’s work and hired agricultural workers. 
However, some countries have a minimum number 
of workers per operation before the regulations take 
effect. For example, in the United States there must 
be at least 11 employees in an operation before 
 federal funds can be used to inspect and enforce 
occupational safety and health regulations. The 
International Labor Organization has produced 
model guidelines for member countries to adopt for 
the protection of agricultural workers and children. 
Details of regulations applicable to agricultural 
health and safety are given in Chapter 15.

1.12.14  Agricultural Health and Safety 
Organizations

The past two decades have witnessed extensive 
growth in agricultural health and safety activities in 
industrialized countries, in both governmental and 
non‐governmental organizations. The sum effort of 
these organizations has advanced the field signifi
cantly, creating a new discipline and changing the 
field to include a public health approach from a 
previously low‐profile interest of farm safety in agri
cultural colleges. Chapter  15 discusses in detail 
these organizations and how they have advanced 
the field of occupational safety and health.

1.13 Summary

This chapter provides a broad overview of agri
cultural health and safety. Aided by this overview, 
the reader can approach the subsequent chapters 
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with a background that provides broad connections 
to the field of agriculture and a perspective that 
enhances greater comprehension of the material.

The following key points are made to help 
summarize the essential information in this 
chapter.

Key Points

1. The history and evolution of field of agri
cultural safety and health/agricultural med
icine includes the following terms and 
concepts:
a. Agricultural safety emerged in the mid‐

1940s with extension, insurance profes
sionals, and farm groups.

b. The term agricultural medicine arose 
internationally in the mid‐1950s, 
mainly led by healthcare professionals.

c. The term agromedicine arose in the mid‐
1980s as a collaboration between primary 
care medicine and agricultural extension to 
provide outreach information to the farm 
community. Several such programs formed 
the non‐profit organization the North 
American Agromedicine Consortium 
(NAAC; terminated in 2014). The Journal 
of Agromedicine originated as the organ of 
NAAC.

d. These different terms and professionals 
associated with these organizations are 
joining in a common goal of prevention, 
and the generic term agricultural safety 
and health pulls these segments together, 
for example the International Society of 
Agricultural Safety and Health (ISASH; 
formerly the National Institute for Farm 
Safety).

2. Agricultural health and safety is an evolv
ing profession and includes at its core a 
knowledge and understanding of produc
tion agricultural processes, the culture of 
farmers, their families and workers, core 
knowledge of the specific occupational 
exposures, risks, and prevention, along 
with professional education that may be 
from a variety of areas including health sci
ences, safety, education, engineering, vet
erinary medicine, and social sciences.

3. Worldwide, 1.3 billion people are employed 
as wage earners in agriculture. They are 
diverse culturally and socioeconomically. 
Thirty‐eight per cent are migrant workers, 
and 50% of these are women. In the United 
States there are 775,000 farm workers and 
59% of them are local non‐migrants.

4. In most developed countries, farm owner/
operators have lower fatality rates from 
cardiovascular disease (heart attacks and 
stroke) and lower overall cancer  compared 
to the general population. The reasons 
for  these lower rates appear to be due 
to lower prevalence of smoking and alco
hol consumption, better diets, and more 
exercise.

5. In most developed countries occupational 
fatalities in agriculture are higher (two to 
seven times higher) than for all occupations 
(fatality rates for all occupations generally 
are in the range of three to six fatalities per 
100,000).

6. Persistent and emerging mega trends that are 
shaping agriculture include the following:
a. International trade agreements in 

agriculture.
b. Government programs/regulations, 

including farm support programs, occu
pational safety regulations, and envi
ronmental regulations.

c. Consumer power and the general pub
lic’s concern are important forces in how 
agriculture may be done in the future 
(e.g., humane livestock husbandry meth
ods, food safety concerns, food “contam
inants” and the negative view of GMOs, 
pesticides, hormones, and the positive 
perception of “organic” production).

d. Climate change prediction means more 
volatile weather patterns and extreme 
scenarios. Some areas may benefit from 
a warmer or drier climate, as others 
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2

2.1 Introduction

Several special agriculture risk groups reside in 
the shadow of the mainstream of agricultural 
health and safety research and prevention 
p rogramming. The public health goal is to take 
care of even the most vulnerable populations in 
society. The agrarian groups considered here have 
special risks associated with age, gender, low 
s ocioeconomic status, ethnicity, race, culture, or 
religious beliefs. This chapter intends to feature 
these populations, their special health issues, and 
their special considerations for methods of pre
vention. The US Department of Agriculture 
(USDA) Census of Agriculture 2012 profiles the 
demographics of various minority groups in 
p roduction agriculture in the United States (1). 
Additional special risk populations in agriculture 
not discussed here include the Lapps in the 
northern regions of Scandinavia crossing over 
into Finland and Russia, and the Romans or 
Gypsies who live across Central and Eastern 
Europe. Other special risk farming populations 
include Native Americans in North and South 
America, new immigrant farmers in North 

America from Japan and China on the West 
Coast, and new immigrant farm workers from 
Somalia, Bosnia, the Hmong people from Laos, 
Vietnam, and other South‐East Asian countries 
that inhabit the Midwest primarily, but are also 
located in other parts of the country. Haitian 
farm workers are located primarily in the south
eastern states of the United States. Furthermore, 
African‐Americans as well as Anglos operating 
very small family farms (USDA designation of 
limited resource farms) scattered mainly across 
the southern United States. also have special risks. 
However, it is beyond the scope of this text to 
cover all these groups. We have therefore chosen 
five special‐risk populations to profile here: (1) 
women, (2) children, (3) the elderly, (4) migrant 
and seasonal farm workers, and (5) Anabaptist 
religious groups. The first four of these are 
c ommon to all industrialized agricultural c ountries 
with similar agricultural systems (i.e., countries in 
the EU, Australia, New Zealand, Canada, Brazil, 
Argentina, Uruguay, and Paraguay).

Women experience certain reproductive risks 
from agricultural exposures, including infertility 
and abortion. Farm youths may experience 
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i llnesses and injuries not only from farm work, 
but also because of living and playing in or 
a djacent to hazardous work sites. Their cognitive, 
emotional, and physical skills may not be 
a dequately developed to safely handle certain 
kinds of work. The elderly may have lost certain 
physical, cognitive, and emotional skills, which 
increases their risk for injury or illness. 
Additionally, they may have co‐morbidities and 
prescribed medications that, because of side 
effects, could further conflict their safe function
ing in a hazardous workplace. Furthermore, the 
elderly often operate older machinery on the 
farm (more hazardous because it may lack mod
ern safety features) with which they are familiar, 
and they may perform more hazardous tasks such 
as mowing ditches and waterways. Migrant and 
seasonal farm workers often have cultural and 
l anguage barriers they must overcome before they 
can safely perform their jobs. Furthermore, they 
may feel powerless, unable to complain of haz
ards for fear of losing their jobs or being deported. 
Old‐order Anabaptists often use older farming 
methods and more hazardous machines. In addi
tion, their spiritual and/or cultural beliefs may 
stop them from seeking health care, including 
recommended immunizations.

These are a few of the hazards these special risk 
populations experience. This chapter will elabo
rate on the demographics of these populations, 
their exposures, and the subsequent risks and 
e pidemiology of related illnesses and injuries. 
Finally, we describe special considerations for 
treatment and recommendations for prevention.

2.2 Women in Agriculture

Women play important roles in production 
a griculture as principle or co‐owner/operators of 
farming enterprises, members of family farming 
units, or farm workers. However, women have 
some health issues that differ from men’s health 
generally, and specific gender differences in 
a gricultural health issues.

World‐wide, 50% of economically active 
women work in agriculture, and this is over 60% 

in developing countries (2). Research into the 
role of women in agriculture in developed coun
tries appeared in peer‐reviewed literature in the 
mid‐1970s. Smith (3) reported a natural tradi
tional anthropologic gender division in agricul
ture: women acted as care takers of plants, small 
animals, and family; men adopted technology, 
power equipment and large commodity produc
tion. Although this gender division may still be 
present to some extent, it has been diminishing 
over the past three decades. Women are clearly 
increasing their role in the ownership and man
agement of agricultural operations in North 
America and most industrialized countries (4, 5). 
The number of women in New Zealand employed 
full‐time in agriculture increased from 13% in 
1973 to 20% in full‐time and 32% in part‐time 
employment more recently, along with increased 
roles in leadership as principal operators, exten
sion agents, and researchers (3). The women’s 
movement of the late 1970s and 1980s facilitated 
a law in Italy that put men and women as equal 
partners in family businesses, a principle that has 
now been assumed in most developed countries, 
thus increasing the documentable role of women 
in agriculture (6). Gasson (7) reported that the 
increasing role of women in agriculture is an 
international trend. In Canada between 1951 
and 2006, the percentage of women reported to 
be employed in agriculture grew from 4% to 
27.8% (2) (including spouses recorded as joint 
operators).

Similar demographic changes in females as 
primary operators have occurred in the United 
States. The USDA 2007 Census of Agriculture 
indicated that 27% of all farm operators (princi
pal or co‐operators) were women. By 2012, 29% 
of all farm operators (principal or co‐operators) 
were women. An additional 17% of women 
l iving on the farm also contributed to the farm 
labor, even though they may not be considered an 
operator, therefore women have a significant 
involvement in 47% of the farms in the United 
States (8). Farm women in Wisconsin contribute 
on average 20 hours/week to farm labor versus 
50 hours/week for men (9). In a survey con
ducted by Reed and colleagues (10) of rural farm 
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households in Kentucky and Texas, about 50% of 
the 1600 women surveyed described themselves 
solely as homemakers, yet 40% reported regularly 
working with farm animals and 30% reported 
regularly driving tractors, leading to potentially 
dangerous situations.

Women are also extensively involved in 
European agriculture. Farm women in Finland 
are listed as operators on 34% of the farms (11). 
Sixty‐six per cent of Polish women living in rural 
areas are associated with agriculture (12). Many 
of these women are farm managers because they 
have taken over the running of the farm if a 
h usband is killed or injured (66% of cases studied) 
or because husbands and sons work off‐farm 
(30% of cases studied).

Many farm women have a combination “tri
ple duty” of family, farm, and off‐farm careers. 
Many farm women (57% of female principal 
operators and 63% of all farm women) find it 
necessary to increase their off‐farm work. An 
increasing n umber of male farm operators (61% 
in 2012) also have off‐farm employment. Spouses 
work off‐farm to supplement the farm income 
and to receive benefits not provided by self‐
employment, such as health insurance and 
p ension plans (13–15). The farm triple‐duty life 
style has led to an increased risk of stress and 
agricultural injury (16–18). However, one possi
ble positive outcome of full‐time off‐farm work 
has shown a protective factor for young children, 
as they have greater accessibility to safe childcare 
in the towns or villages where the parent works 
(13–16, 19). The pattern of off‐farm employ
ment in the United States is similar to that 
e xperienced by many farm families in other 
industrialized countries.

2.2.1  Work Exposures/Risk Factors 
for Farm Women

As with many areas of health research, farm 
women have been studied less than men. 
However, the research available suggests that 
women do have significant exposure to agricul
tural work and thus related health and safety risks 
from farm exposures(17).

Acute Injuries

Data from Finland revealed that livestock‐related 
injuries to women are the most prevalent causes 
of acute injuries (40% of injuries and 50% of 
“near misses”) (11). High risk is found in working 
directly with large animals in enclosed spaces, 
during feeding, cleaning, or milking (20). Injuries 
to women are most likely to occur in the lower 
extremities. In a 2‐year case‐control study in 
c entral Wisconsin, 40 acute injuries were studied 
in adult women (18). Most (55%) of the injuries 
occurred in a barn, and in 42.5% cases a cow was 
the main agent of injury. Being crushed or 
stricken by an animal is the most common cause 
of injury for women ages 15–59. For women 
above 60, falls are the most common cause of 
non‐machinery injury and fatality. Tractors also 
are the most common cause of machine‐related 
non‐fatal injuries, causing 28% of the farming‐
related hospitalizations for females. Tractors are 
also the most common agent of death for adult 
women (21). Of machine‐related fatalities, 48% 
are the result of tractor run‐overs.

Pesticide Exposures

Women are highly concerned about pesticide 
exposures to them and their families (22–28). 
Forty per cent of the wives of agricultural produc
ers in rural Iowa and North Carolina have assisted 
with mixing or application of pesticides (29, 30). 
Furthermore, about 45% of farm wives in North 
Carolina performed at least one or more of the 
following activities that could expose them to 
pesticides: worked in the fields tilling the soil 
(16%), planting (55%), and hand picking crops 
(54%). Other tasks noted that may cause either 
increased exposure to other potentially hazardous 
chemicals or injuries, include applying manure 
fertilizer (27%), applying chemical fertilizer 
(26%), and driving combines (4%). Indirect 
exposures of women to pesticides include drink
ing water from wells located at close proximity to 
areas where pesticides are stored, mixed, or 
applied, storage of pesticides in the home, and 
contamination of the home by pesticides brought 
in on boots or clothing.
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Kasner and colleagues (31) reported on the 
relative risk of pesticide poisonings, combining 
data from the California Department of Pesticide 
Regulations and the US Center for Disease 
Control, and the Sentinel Events Notification 
System for Occupational Risks (SENSOR) – 
Pesticide Program. They found that of 30% of a 
total of 2534 pesticide poisonings were in 
women. The relative risk in women farmers was 
2.8/100,000 compared to 5.3/100,000 in men. 
The respective relative risks of pesticide poison
ing for farm workers were 67.2/100,000 in 
women and 56.1/100,000 in men (most of the 
pesticide poisonings reported by SENSOR are 
mild, e.g. skin or eye irritation). The following 
paragraphs review adverse reproductive outcomes 
and cancer associated with (not necessarily cause‐
effect) pesticide exposures.

Fecundity was reported lower (20%) among 
women who were exposed to the herbicides 
dicamba, glyphosate, phenoxy acetic acids, and 
thiocarbamates (rate ratio 0.5–0.8 compared to 
expected) (32). Notably, when women on farms 
did not report having these exposures, reported 
fecundity ratios were higher (0.75–1.50). Mixing 
and applying herbicides and fungicides up to 2 years 
before attempting conception was associated with 
an observed lower fertility (33). An increase in early 
abortion (<12 weeks) was observed when precon
ception exposures occurred with phenoxy acetic 
acids (e.g., 2,4‐D), triazines (e.g., Atrazine), and 
other herbicides. Observed elevated late abortion 
(12–19 weeks) was associated with preconception 
exposures to glyphosate, thiocarbamates, and a 
miscellaneous class of p esticides (34). The observed 
critical window of exposure to pesticides associated 
with spontaneous abortion appears to be during 
the fourth through sixth month of gestation (34).

Chapter 5 reviews in detail cancer outcomes in 
the farm population. Summarizing Chapter  5, 
mortality for all cancers is lower in farm women 
as well as farm men. Risks in one study were 0.84 
(CI 0.76–0.92) for all cancers, 0.32 (CI 0.20–
0.50) for lung cancer, and 0.33 (CI 0.12–0.92) 
for bladder cancer, compared to non‐farm resi
dents. Summarizing cancer in farm women, the 
overall risk for breast cancer is lower than 

expected. In fact, there seems to be a protective 
factor in farming such that breast cancer risk 
declines with increased duration of farming. 
However, there is an elevated risk of breast cancer 
in those women who reported being present in 
fields during or shortly after pesticide application, 
and for those who reported not using protective 
clothing while applying pesticides (35). 
Furthermore, risk in female farm residents is ele
vated for non‐Hodgkin’s lymphoma (RR = 1.52, 
CI 0.96–2.39) (36). Additional details of the health 
effects of pesticides are discussed in Chapter 6.

Agricultural Dust Exposures

Dust‐related respiratory diseases are a major con
cern for women on the farm (37). A study of ten 
selected family farms in Poland indicated that 
women spend a significant amount of their farm 
work time involved in dust‐generating activities, 
including care of animals, sowing, planting, and 
harvesting of crops, and manual loading (30 hours/
month) of grain (12). These women were exposed 
to levels of dust ranging from 3.5 to 9.3 mg/m3. 
The exposure limit for grain dust in most indus
trialized countries is 4.0 mg/m3, but 2.5 mg/m3 is 
the recommended limit for exposure to dust in 
livestock and poultry confined animal feeding 
operation (CAFO) facilities (38). Although there 
has been little research on farm women to deter
mine the specific prevalence of organic dust‐
related respiratory illnesses, one study suggests 
that farmer’s lung is highly prevalent among 
Finnish farm women (39). The probable risk 
f actor is cow milking and exposure to moldy hay 
among other organic dust exposures.

Although women are commonly exposed to 
agricultural dusts, one survey report indicates that 
women farmers have significantly lower respira
tory illness prevalence compared to the general 
population (40). However, as livestock produc
tion has become more confined, one might expect 
a future increase in the prevalence of respiratory 
illness in women from agricultural dusts. Women’s 
work (as hired labor) on farms is expanding in the 
area of swine production and large dairies as they 
are sought out for their skills in working with the 
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birthing (farrowing and calving) tasks in swine 
and dairy production respectively.

 Risk of Adverse Pregnancy  
Outcomes and Perinatal Illness

Carbon monoxide, nitrate toxicity, oxytocin and 
prostaglandin exposures are hazardous to preg
nant women who work in agriculture and/or their 
unborn fetuses. Carbon monoxide (CO) is a toxic 
gas frequently encountered in livestock buildings 
where fossil‐fuel heating units or high‐pressure 
washers powered by internal combustion engines 
are used (41, 42). Although the risk of acute CO 
poisoning to women is small, the risk of poisoning 
to an unborn fetus is much higher: because of the 
physiology of the human placenta the effective 
CO level experienced by the fetus may be twice as 
high as that experienced by the mother. Exposures 
to levels of 250–450 ppm CO (levels commonly 
found in swine barns with p ropane‐powered 
r adiant heaters, see Figure 2.1) may result in 20% 
carboxyhemoglobin in women. That concentra
tion has been associated with lowered birth 
weights and retarded mental development in their 
newborn infants. Higher levels (above 450 ppm) 
may be associated with acute abortion (42).

Young infants who are fed formula made up 
with water high in nitrate concentrations 
(>10 mg/L) have the potential to be poisoned. 
The nitrate becomes reduced in the gut to nitrite, 
which when absorbed into the bloodstream of the 
fetus chemically bonds to the hemoglobin mole
cule of red blood cells, displacing oxygen and 
resulting in an anoxic condition. Light‐skinned 
babies develop a blue tinge to their skin, thus the 
condition called “blue baby”. This situation is 
covered in more depth in Chapter 7.

Women working in livestock production are 
likely to administer hormones used to assist 
p arturition in swine and cattle. Oxytocin is a 
c ommonly used product that assists uterine 
c ontractions and milk let‐down. Prostaglandins 
are also commonly used in livestock production 
to induce partition, terminate a pregnancy, or 
stimulate and synchronize estrous. An unin
tended needle stick of a pregnant woman with 

either of these products can cause her to miscarry 
or abort (20). Furthermore, skin or mucous 
membrane contact with prostaglandins may 
result in abortion (43). Details of these needle 
stick hazards are described Chapter 12.

Zoonotic Infections

Contracting any zoonotic or environmental 
infections, including brucellosis, Q fever, or 
Listeria, may cause abortion. Pregnant women 
working with cattle, sheep, and goats need to be 
especially aware of this risk (20) (see Chapter 13).

Behavioral Health and Farm Women

Generally speaking, farm life appears to be pro
tective of severe adverse behavioral/mental health. 
More specifically, Hillemeier (44) found that 

Figure  2.1 A propane‐powered radiant 
heater, which increases the level of CO in swine 
barns. Exposure to CO has a risk of prenatal and 
birthing complications in women.



48 Agricultural Medicine

farm life was protective of depression and anxiety 
compared to rural non‐farm life. Specific protec
tive factors associated with farm life include (1) a 
positive spirituality and religious practice, (2) 
high self‐esteem, (3) a strong social support 
n etwork, and (4) being married. However, farm 
life has stressful components which if endured 
chronically can lead to anxiety and depression 
among both men and women. However, anxiety 
and depression are more common (two‐ to three‐
fold) in farm women than in the general popula
tion. Data from a study of 764 rural women in 
Pennsylvania revealed 28% of respondents 
reported having had a diagnosis of anxiety or 
depression (44). The gender difference in depres
sion among the farming population appears to 
be similar for all industrialized countries (45). 
A major cause of depression for women is chronic 
stress associated with the decreased economic, 
social, emotional, and physical well‐being of fam
ily members (45). Women commonly feel respon
sible for their family’s health, and poor access to 
adequate healthcare services in many rural areas 
may add to a woman’s stress level. Other risk fac
tors for depression and anxiety include obesity, 
diabetes, not being married, and poverty (44). 
Lack of access to mental health services likely 
exacerbates the risk. One survey (46) revealed 
more than half of rural women were unsatisfied 
with the healthcare services available to them, a 
strong determinant of stress for them. Women 
may feel the strain of the financial burdens on the 
family, also a major contributor to stress (47). 
Fatigue also increases stress. Fatigue can originate 
from the woman’s often triple workload of jobs 
on the farm, in the home, and (in many instances) 
in off‐farm employment. As mentioned above, in 
North America nearly 60% of farm women work 
off the farm either part‐time or full‐time. These 
multiple roles must balance, or there is an 
increased risk for stress and depression. Farm 
pressures have a tendency to strain marital and 
family relationships, influencing the happiness of 
children. This may lead to additional tension 
build‐up and increases the likelihood of depres
sive symptoms and substance abuse (45). The 
symptoms of depression most likely to be reported 

are headaches, backaches, muscle pain, sleep 
problems, fatigue, and abdominal pain (48). 
However, rural women are not likely to discuss 
depression with their primary healthcare pro
viders (49) due to a perceived lack of time of 
the provider, geographic isolation, stigma about 
depression, and perceptions that primary pro
viders are not interested (50).

Prolonged depression can lead to more severe 
illness. Women with severe and persistent mental 
illness have more physical medical illnesses and 
earlier mortality than women in the general pop
ulation (51). They can also be very troubled over 
gender‐related health concerns, such as unre
solved grief over child loss, isolation from family, 
bodily changes, lack of sexual partners, and 
diminished sexuality. Few studies have been per
formed on investigating preventive health care 
for rural women with mental illness (52, 53).

Misconceptions and lack of information about 
health care and farming risks can be health risks. 
In a study of 102 rural women, most underesti
mated their risk of certain chronic illnesses (54). 
Farm women generally perceive they have a low 
risk for coronary heart disease, stroke, breast and 
colorectal cancer, osteoporosis, and depression. 
This perception can lead farm women to not seek 
professional health care for themselves and their 
families, and can lead to physical decline and 
increased mental strain. Additional details of 
mental and behavioral health are discussed for 
agrarian people generally in Chapter 10.

2.2.2 Prevention
Too often, safety education for the farmer is 
aimed at men. As previously mentioned, women 
may be undereducated about risks in farming. 
Women on the farm need to be trained to per
form their own agricultural work more safely, 
such as safe animal‐handling (11) and safe pesti
cide application and laundering of contaminated 
clothing. Ideally, farm safety education should 
include women, the rest of the family and hired 
workers together. This family focus will not only 
help women directly, but will indirectly help the 
entire family, as social support is important in 
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promoting safe behavior. Furthermore, as women 
often take on a special care‐taker role in the 
f amily, this information can provide them with 
the support and confidence to be the family safety 
and health advocate, enabling management of 
their farm health and safety concerns, helping 
them to feel more in control, and thereby 
r educing stress (54).

Examples of helpful information for women 
include not only general injury prevention meas
ures on the farm, but also the importance of can
cer screenings and other wellness care services. 
Knowledge of the availability of general health 
and mental health care services in the area for 
agricultural families may be sparse. However, 
knowledge of availability and access to appropri
ate healthcare services is essential for effective 
u tilization (55, 56). Assurance of adequate health 
services for farm women and their families may 
secondarily help reduce stress and depression.

The risk of women’s exposures to agricultural 
chemicals such as pesticides can be significantly 
reduced if general preventive measures are taken, 
as detailed in Chapter 6. Women, men, and chil
dren who wash the clothes of those exposed to 
pesticides should wear protective gloves. The 
clothes should be washed separately and rinsed at 
least three times. Unfortunately, only about 6% 
of farm families practice this method (31). When 
working in operations where there are respiratory 
exposures, appropriate respirators should be 
worn, as described in Chapter 15.

In addition to standard safety practices, preg
nant women must take extra precautions to 
p revent accidental needle sticks with oxytocin or 
prostaglandins. Veterinarians dispensing these 
drugs to farm operators should be sure to trans
mit appropriate safety precautions for women. 
Furthermore, pregnant women should not work 
in livestock or other buildings where heaters, 
internal combustion engines, or another source 
of carbon monoxide is present unless an observa
tional evaluation or an environmental assessment 
indicates the environment is free of CO.

Finally, education of health care and public 
health practitioners about farm women and their 
health exposure risks is important (57). Providers 

generally have little knowledge of farm women’s 
exposures and resultant health risks, and they 
rarely take an occupational history. Providers 
who have knowledge and demonstrate an interest 
and understanding of the farm environment will 
be more able to elicit health information and 
increase the trust and respect of their female farm 
worker patients (58).

2.3 Youths in Agriculture

Youths (under age 19) commonly work on farms 
as part of a family operation, as part‐time or full‐
time farm workers, or as labor, accompanying 
their parents, who may be migrant or seasonal 
workers (59). Children living on farms may be 
exposed every day to potential hazards just by liv
ing or playing on the farm (Figure 2.2). Children 
not living on farms may be exposed to farm haz
ards while visiting a farmer relative or on a casual 
farm visit such as to a farm involved with agri
tourism or community supported agriculture 
(CSA). Agritourism is a growing international 
phenomenon that provides an alternative eco
nomic base for small farms while providing non‐
farm people with a farm experience. CSA farms 
link with community residents, providing them 
with weekly baskets of fresh produce and allow
ing the customers to visit and possibly work on 
the farm. In the United States (2007), more than 
23,000 farms provide agritourism and nearly 
13,000 farms provide CSA opportunities (60). 
This phenomenon has expanded the population 
at risk to farm health and safety hazards. In the 
United States (2012) an estimated 2.5 million 
youths were exposed to a farm environment (61). 
This included 955,400 living on farms (49% of 
these also work on the farm), 258,800 youths 
hired as farm workers, and 1.2 million farm visi
tors as relatives, friends, or for other purpose such 
as agritourism (62). Detailed statistics of youths 
injured on US farms are collected by the National 
Institute for Occupational Safety and Health 
(NIOSH) and the USDA, with review and dis
semination by the National Children’s Center for 
Rural and Agricultural Health and Safety (62, 63). 
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Most farms are still family businesses; the practice 
of children to work on the farm is embedded in 
the culture and tradition of farming. Parents 
want children to be with them so they can teach, 
share, and develop traditional farm values. 
Children typically want to work on their farm. 
They want to be with their parent(s), and their 
work creates appreciation and acceptance by the 
adult world and thereby builds their self‐esteem, 
extending to generations forward the benefits of 
growing up on a farm (2). Another reason why 
children may be with their parents working on 

the farm is the lack of an alternative for childcare. 
In other instances, youths working on the farm 
may be an economic necessity.

In addition to the cultural and social values 
gained from growing up and working on a farm 
(64), there is increasing evidence of protection 
against allergic asthma and other allergy‐mediated 
illnesses. Being born and raised on a farm seems 
to afford a lifelong protective factor for the devel
opment of allergy and other atopic‐mediated 
allergic conditions (65–68). Furthermore, the 
protective factor may extend beyond the farm 
gate, as one study has shown evidence for a gen
eral rural asthma protective factor (69). Genuneit 
and colleagues (70) published a meta‐analysis of 
39 studies on the farm protective factor. They 
found that the weight of evidence is statistically 
significant and affords approximately a 25% 
lower risk for atopic asthma. This phenomenon 
has been called the “hygiene hypothesis” of 
protection and relates to exposure modulation of 
the immune system control mechanisms and 
inflammation (71). It is hypothesized that early 
exposure down‐regulates the usual mediators of 
inflammation (especially the toll‐like receptors) 
and the cellular immune system. A more 
detailed discussion of this observation is given in 
Chapter 3.

Table 2.1 lists the positive things children who 
work on farms can learn. Children can work 
safely on farms if the work is developmentally 
appropriate and if there is quality parental 
supervision.

As well as the advantages of growing up and 
working on a farm there are challenges in keeping 
these youths alive and well in the midst of a h azardous 
environment. In recent years, approximately 100 

Table 2.1 Things children learn when growing up 
on a farm

Responsibility
How to work
Independence
Understanding of life and food cycles
Initiative
Problem solving
Parental connections
Neighborhood connections

Figure 2.2 A child on a farm. (Source: Medical 
Practice in Rural Communities, Chapter  2, page 20 
top, book authors: Cornelia F. Mutel, Kelley J. 
Donham, Rural Health and Agricultural Medicine 
Training Program, Department of Preventive 
Medicine and Environmental Health, College of 
Medicine, The University of Iowa, Iowa City, Iowa 
52242, U.S.A., © Springer‐Verlag New York Inc., 1983. 
Image reprinted with kind permission of Springer 
Science and Business Media.)
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people under 19 years of age have been lost to 
fatal farm‐related incidents. The fatal injury rate 
for farm youths is 10.1/100,000 (61) (about 
three times higher than the occupational fatality 
rate of all US workers under 19 years). The high
est risk age groups for fatal incidents are 
p reschoolers and late teenagers (61, 62, 72).

Over 20,000 non‐fatal injuries and illnesses in 
farm youths have occurred annually in recent 
years (22,894 in 2006) (62, 72). Fifty‐one per 
cent (11,676) of those injuries occurred in youths 
living on farms, of which 20% (2335) were work‐
related, 6% were young hired workers, and the 
balance (43%) were farm visitors (72). Boys were 
the victims in about 66% of the total injuries.

Besides the emotional stress related to youth 
injuries (loss of a child is one of the most emo
tionally stressful events a parent can experience), 
there are serious economic consequences. 
Zaloshnja (73) has calculated that farm injuries 
and fatalities create expenses of $1.4 billion per 
year in the United States (2005 dollars).

In spite of the current challenges in keeping 
children safe on farms, there have been some 
encouraging trends over the past two decades. 
Comparing 1998 data to 2012 data, there has 
been a 30% decline in the number of injuries 
and a decrease in injury rates (non‐fatal and fatal 
combined) from 16.6/1,000 to 6.4/1,000 (a 
61% reduction). However, there has been a slight 
increase in rates for the under 10 years of age 
group. Whereas boys historically have experi
enced over twice the injury rate of girls, the 
injury rate gap between genders has narrowed 
(61, 62, 72).

2.3.1 Work Exposures/Risks Factors
Physical injuries, drowning, and pesticide expo
sures are the major risks for farm youths. The 
principal sources of physical injury exposure for 
youths include tractors and other farm machin
ery, large livestock, motor vehicles such as all‐
t errain vehicles and pickup trucks, and work/falls 
from high places. Nearby water (e.g., farm ponds, 
manure storages) are important drowning 
h azards. Electrical exposures and resultant flash 

burns, and mixing or applying pesticides are 
other minor youth exposure hazards (74).

Physical injuries are the main hazardous risk 
for youths on farms. As previously mentioned, 
farm‐related injuries are more common among 
boys (about a ratio of 3:1). Most boys begin 
working on family farms around the age of 10. 
Sixty‐seven per cent of boys ages 15–18 operate 
tractors unsupervised (13). Girls commonly start 
working at age 15 (13).

According to several studies, fatal and non‐
fatal injuries in farm youths are related most com
monly to animals and tractors (75–77). Thirty 
per cent of the fatalities are related mainly to trac
tor incidents (with a small percentage for other 
machines) and 17% to motor vehicles (mainly 
all‐terrain vehicles). Boys tend to perform tractor‐
related chores more often than girls. Boys aged 
16–18 have the highest risk of injury from trac
tors (78). Injuries involving tractors are most 
likely rollovers or run‐overs, and these incidents 
result in a very low (33%) survival rate (75).

Drowning accounts for 16% of farm youth 
fatalities. Non‐fatal events result from three pri
mary exposures: (1) trips and falls, (2) motor 
vehicles (mainly all‐terrain vehicles; 11% or 
2458), and (3) animals (mainly horses; 26% or 
5913) (72).

Girls are more often involved in animal‐related 
tasks (79). One in five youth injuries on farms is 
animal related, and of these injuries, 69% are 
work‐related (80). Work‐related injuries are mainly 
associated with cattle, and non‐work‐related 
injuries for girls commonly involved horses (80).

Flower (81) conducted a nested cohort study 
of farm injuries in 21,360 farm youths within the 
Agricultural Health Study. The Agricultural 
Health Study is a long‐term (over 20 years) pro
spective cohort study containing over 89,000 pri
vate (mostly farmer) and commercial pesticide 
applicators from Iowa and North Carolina. They 
found the risk of a fatality in farm youths was 
elevated nearly four times (OR 3.9) if they were 
doing farm work. Machinery–related fatalities 
were elevated over nine times (SMR 9.25, CI 
5.1–16.7). Other fatal risk factors included if the 
child’s mother was less than 25 years old at the 
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child’s birth (OR 2.2) and if there were three or 
more children in the family (OR 2.8). These 
l atter data suggest that not only work exposure, 
but maternal experience and supervisory ability 
with several children increased the risk of a fatal 
injury or illness in a farm child.

Youths who work on family farms or are 
employed on non‐family farms are at risk for 
injury (82–84). However, young hired farm 
workers have a lower risk rate than those living or 
working on their own family farm (61). Teenage 
workers on a family operation are likely to work 
fewer hours per week but more seasons out of the 
year, and perform a greater variety of (potentially 
hazardous) tasks compared to teens working on 
non‐family owned farms (85).

Common serious injuries and those most 
often requiring hospitalization include orthope
dic, neurological, thoracic, and abdominal inju
ries (75). A large portion of injuries on farms 
occur during times when school is not in session 
and/or during intensive seasons of farm work 
such as in the summer (44%) or on weekends 
(27%) (76).

Drowning is an important source of fatal 
i ncidents in farm youths for both young farm 
residents and farm visitors (86). An average of 
32 farm youth drowning deaths occur annually 
(2.2 deaths/100,000), a slightly higher annual 
rate than for the United States overall (2.3 
deaths/100,000) (86). Drowning was found to be 
the most common cause of death for farm youths 
under 10 years of age in Australia (87). Drowning 
fatalities most commonly occur in dams, farm 
ponds, manure storage structures, tanks, creeks, 
or rivers.

Pesticide exposure is a possible concern for chil
dren working, playing, or just living on farms. 
Some child activities that increase pesticide expo
sure are playing near unsecured pesticide storage 
facilities and playing in farm fields, in dirt near 
fields, and in irrigation channels (88, 89). 
Exposure may also occur by eating while work
ing, eating fruits and vegetables without washing, 
and applying pesticides. Children may not be 
provided with protective clothing for work activi
ties where exposure may be possible.

Pesticide sampling in homes indicates the pos
sibility of in‐home exposure. However, most 
samples have revealed herbicides such as atrazine 
in vacuum samples, which are much less toxic 
than insecticides. Urine tests indicate there is lit
tle absorption among children from this exposure 
(90). Several researchers have investigated the risk 
of cancer in children whose parents have been 
exposed to pesticides. Vinson (91) and colleagues 
conducted a meta‐analysis of over 40 such stud
ies. They found no relationship between parent 
contact with pesticides and cancer in children in 
cohort studies. However, in case‐control studies 
(usually less robust than cohort studies) they 
found a slight elevation of leukemia and lym
phoma in the children of mothers exposed to pes
ticides in the prenatal period. In addition, they 
found a slight increase in brain cancer in children 
whose fathers were exposed to pesticides.

Zoonotic infections are another risk for young 
children. Those under 10 have an increased risk 
(two to ten times) compared to the general popu
lation for acquiring infections and particularly the 
animal fecal‐associated organisms Campylobacter, 
E.coli, and Salmonella (92–94). Furthermore, 
young children are at risk of developing infections 
from antibiotic‐resistant organisms (95).

There are conflicting reports of respiratory expo-
sure risk in farm youths. Contrary to the protective 
findings for atopic allergic conditions, one study 
revealed a higher rate of doctor’s diagnosed asthma 
in farm youths, especially from those farms that 
used antibiotics in animal feed (96). The reason 
for the discrepancy with previous findings is 
uncertain. The biological plausibility of this find
ing is not clear, and the methods of asthma diag
nosis were different from previous studies, which 
may explain the variant results. Atopic status was 
not determined in the later study.

As mentioned previously, the weight of evi
dence indicates that farm exposures for children 
are protective for atopic allergic diseases (hygiene 
hypothesis) and perhaps other non‐allergic 
inflammatory airway conditions. One should 
understand, however, that asthmatic symptoms 
in agriculture populations are often not of atopic 
mechanisms, but are inflammatory processes, for 
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which farm exposure may also be protective. 
Down‐regulation of inflammatory reactions as 
well as allergic‐mediated illnesses can and does 
occur.

2.3.2 Prevention
Farm Safety for Just Kids (FS4JK), NIOSH 
(Childhood Agricultural Injury Prevention 
Initiative), the National Children’s Center for 
Agricultural Health and Safety (97), the 
Childhood Agricultural Safety Network (CASN) 
(98), and the Progressive Agriculture Foundation 
Safety Day (99) among others have led a robust 
effort for farm youth safety in North America. 
Effective prevention strategies, progress to date, 
and future directions are laid out in the 2012 
National Action Plan for childhood agricultural 
injury prevention (100). Furthermore, there have 
been numerous publications on interventions 
and evaluation in the field. The following 
p aragraphs summarize these efforts and recom
mend best practices.

The general principles of prevention are 
reviewed in Chapter 15. They can be applied to 
any subgroup of the agrarian population. 
However, prevention of injuries and illnesses in 
farm youths is an especially complex proposition. 
There are five key critical considerations that 
determine effective interventions for this 
population:

1. Methods of intervention must vary with dif
ferent exposed subpopulations. These include 
children on family farms, non‐working chil
dren accompanying migrant and seasonal 
farm workers, hired youth farm workers, and 
children as farm visitors.

2. Most injuries to farm youths are not a result of 
farm work, but arise from living and playing 
on their own and other farms.

3. The divide between farm culture and the 
c ulture of health and safety professionals and 
urban populations has to be managed.

4. An extensive array of resources and assistance 
exists for youth farm safety in the United 
States and most developed countries but is 
under‐used.

5. Awareness‐level education alone (although by 
far the most practiced intervention) has 
g enerally proven of little value in long‐term 
prevention. Comprehensive community pro
grams with multiple modalities are the way to 
effective prevention.

These considerations will be dealt with in the 
following sections.

 Different Methods of Intervention for 
Different Groups of Farm Youths

As mentioned above, prevention strategies must 
fit the youth subgroup targeted to have the best 
chance of making a difference.

The largest subgroup by far (nearly 1 million 
in the United States) of children exposed to farm 
hazards are those living and working on family 
farms. About half of these children are under 10 
years of age. This age group of children may not 
do a lot of actual work on the farm, but they live 
and play on the farm, often without parental 
supervision. Hazards are present in their living 
and playing environment. Ponds, farm animals, 
and machine shops present “inadvertent” injury 
hazards. Parents and guardians are the responsible 
persons and the essential link separating children 
from hazards. Basic prevention for farm youths 
can be categorized in efforts to (1) identify and 
remove the hazards, (2) create barriers to hazards 
that can’t be removed, (3) afford effective supervi
sion, (4) model/mentor safe behaviors, and (5) 
advocate for effective policies and practice exist
ing policies and safe practices at the farm level.

Removal of Hazards

The most effective intervention is to identify and 
remove the hazards. This requires a parent or 
trained unattached third party observer to audit 
the farm, identify hazards, and invest resources 
into removing them. As it is common for people 
to walk by unnoticed hazards daily in their living 
and working space, several programs have been 
developed to assist the parent/farm owner opera
tor to identify and remove hazards. A checklist 
used by a trained third party auditor or family 
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can assist the auditor to identify the hazards 
(e.g.,  accessible chemical containers, potential 
unguarded fall or trip hazards, etc.) and remove 
them. The Farm Safety Walk About was devel
oped by Iowa’s Center for Agricultural Safety, but 
now has been adapted and disseminated by the 
Iowa Department of Public Health among other 
organizations (101). The Certified Safe Farm is a 
program with over 15 years of practice that uses 
trained auditors to work with families to identify 
hazards for all family members and develop a 
plan to remove them (102).

Creating Barriers

A farm safety walkabout might reveal hazards 
that cannot be removed, but can be guarded to 
prevent access. Examples of hazards for which 
barriers could be erected include fences around 
ponds and manure pits, and locked access to 
stored farm chemicals. Safe, secured play areas are 
another barrier to farm hazards. Directions for 
developing safe play areas are available at the 
National Children’s Center for Agricultural 
Health (103). Other barriers include preschool, 
school, and after‐school programs. These are crit
ical as 60% of women and nearly 40% of men are 
working off the farm and not available for child 
supervision on the farm. As farm families have 
increasing multiple roles involving on‐ and off‐
farm work, the need for rural childcare becomes 
more important. As mentioned previously, full‐
time off‐farm parental employment implies that 
off‐farm childcare is in place, reducing child 
exposure to farm hazards. Hawk (16) has found 
that full‐time working mothers usually have off‐
farm safe daycare, separating children from unsu
pervised farm activities. However, part‐time 
off‐farm employment or no off‐farm employ
ment dramatically increases the potential expo
sure of children to farm hazards, as childcare may 
be non‐existent or with casual arrangements such 
as a local relative (e.g., a grandparent) who also 
lives on a farm, allowing farm exposure. Solutions 
may include the involvement of retired persons 
or high school age children in the home or in 
day care facilities outwith the home. Parents and 

school organizations need to advocate and work 
toward the accessibility and quality of such 
p rograms in their school districts.

Effective Safety Supervision

Effective safety supervision of children on farms 
is compromised by the following realities: (1) 
parents commonly work off the farm, (2) intense 
seasonal farm work periods demand the total 
attention of the farmer to farming, (3) the tradi
tion and culture of children (including preschool 
ages) to accompany and work with parents (up 
to 80% of children) on the farm, (4) parents 
have inflated confidence in their ability to keep 
their children safe under their supervision, and 
(5) there is a disconnect between parents allow
ing certain farm tasks, and the actual develop
mental readiness of children to safely perform 
these tasks.

Effective supervision is about being available, 
determining when, what, and how much supervi
sion is needed, and anticipating danger. Every 
year farm children are injured, many fatally, even 
in the presence of a parent and sometimes as the 
unintended consequence of a parental action. 
The extent of supervision practices obviously 
vary with the age of the child. Very young chil
dren may need to be at arm’s length. Physical dis
tance or supervision will lengthen with age and 
the nature of the child.

 Modeling and Mentoring Safe Behavior

As children attain working age, supervision in this 
author’s experience (KJD) does not include the 
parent evaluating the “developmental readiness” 
for the task or teaching the child how to do it 
safely. This observation was verified by a study on 
family farms in Canada (104). The authors of this 
study suggest that supervision of children as they 
enter farm work should be modeled after an 
apprenticeship. The parent should teach the correct 
way to accomplish the task, model the behavior, 
and teach safety practice and risks. The authors 
suggest that good parental modeling (appren
ticeship) is a much stronger predictor of children 
adopting safe behaviors than awareness education 
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aimed at the child. The emphasis on education 
and behavior change may therefore be better 
focused on parents. Children develop physically, 
cognitively, socio‐culturally, and perceptually at 
various ages. All these developmental aspects 
directly relate to the injury risk of conducting dif
ferent agricultural tasks (North American 
Guidelines for Children’s Agricultural Tasks, 
NAGCAT) (105). The key to success of the 
NAGCAT program is to teach parents about 
these developmental stages so that they will adopt 
the recommendations, and assign and supervise 
tasks relative to their children’s developmental 
age. In this way kids receive the benefits of work 
that they should be able to accomplish safely, with 
appropriate quality parental supervision. Several 
barriers stand in the way of broad adoption of this 
program, including matching parental perception 
and guideline value with actual behavior. A survey 
of farm parents (13, 106) revealed that parents 
think kids should be 15 to safely operate a tractor. 
However, most male children begin to operate 
tractors at age 10–11. Fathallah (107) further 
described the disconnect, pointing out that most 
kids of 12–16 years of age may not be able to 
reach the controls on many different tractor mod
els. Engaging parents as supervisors promises to 
be more effective in the prevention of injuries and 
illnesses to children on farms relative to awareness‐
level education directed only to children.

Practicing Existing Policies

For children working on their own family farms 
in the United States, no federal or state regula
tions apply. However, a national policy confer
ence held in Iowa in 1997 (Tractor Risk 
Abatement and Control: The Policy Conference) 
(108) included recommendations that youths 
under 16 should not be allowed to operate a trac
tor without a rollover protective structure (ROPS) 
and seat belts. An additional recommendation 
was that a valid driver’s license should be required 
(a minimum 16 years of age is required for a driv
er’s license in most US states) to operate a tractor 
on a public road. Although most of these recom
mendations were never enacted nationally, the 

state of Wisconsin does have the latter rule in 
effect. These recommendations could and per
haps should be adopted in intensive agricultural 
states to protect youths driving tractors.

US health and safety regulators and the general 
public are increasingly concerned about the pro
tection of farm youths. The US Department of 
Labor (DOL), under the Fair Labor Act, Child 
Labor Law, has had regulations for many years 
(discussed in more detail in Chapter 15) intended 
to cover children under 16 who work on farms 
other than the home family farm (109). This law 
forbids children under 16 from working at highly 
hazardous tasks, such as driving tractors over 
20 HP, running power take off machines, and 
working with bulls and boars. However, 14 and 
15‐year‐old minors who hold certificates of com
pletion of either the tractor operation or machine 
operation programs of the US Office of Education 
Vocational Agriculture Training Program (pro
vided mainly by State Extension and 4H pro
grams) may work in tasks for which they have 
been trained (110). Eligible tasks are listed in 
items 1 and 2 of the Hazardous Occupations 
Order for Agricultural (HOOA) (details of 
HOOA are given in Chapter  15). Individual 
states may have some additional restrictions for 
young agricultural workers, but those regulations 
primarily pertain to maximum work hours, mini
mum wages, and assurance that work does not 
conflict with school hours. In 2012, the DOL 
attempted to upgrade the agricultural youth work 
laws to make them equivalent to protective stand
ards for youths working in occupations other than 
agriculture. The basic change was increasing the 
age of working on non‐family farms without 
training from 16 to 18. However, there was a 
strong push back from several elements of the 
farming community, fearing government intru
sion on private rights and hindering the training 
and acculturation of children in farm operations. 
The lack of farmer consultation in bringing in the 
new proposed regulation serves as an example of 
the disconnect between the culture of the farm 
community and regulators.

The past decade has seen an increasing non‐
farm/general public concern about youth safety 
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on farms. Occasionally, anecdotal accounts of 
discussions among individuals and in the news
papers arise when a child dies in a farm incident 
where there was apparent parental neglect. Some 
advocate legal action for child endangerment. 
The public’s concern may lead to more stringent 
rules in the future.

All of the points mentioned above dealing 
with youths working off the family farm (chil
dren under 16) apply to children of migrant and 
seasonal farm workers who may be hired as farm 
workers. However, there are different considera
tions for young and non‐working children who 
accompany migrant and seasonal workers.

 Non‐working Children of Migrant and 
Seasonal Workers

For protection of children of migrant and sea
sonal farm workers, provision of sanitary and safe 
housing, preschool, and school programs are 
essential. Migrant housing has historically been 
poor. However, some voluntary standards (e.g., 
the Gold Star Program in North Carolina) have 
helped to raise the standard for farm worker hous
ing (111). Furthermore, new standards are now in 
force from the US DOL under the Migrant and 
Seasonal Agricultural Worker Protection Act 
(112). In addition, the Employment and Training 
Administration of the US DOL provides assis
tance for social services, which could include 
child services and education for migrant and sea
sonal farm worker communities (113).

 Injuries to Farm Youths not as a Result 
of Farm Work

As mentioned above, preventing non‐work farm 
injuries to children requires the education of 
parents, the removal of hazards, and the crea
tion of safe barriers. Injuries that are not work‐
related can be diminished by proper adult 
supervision of play, instructing children in 
safety rules, and designation of specific play 
areas out of harm’s way (13, 103, 106). 
Supervisors of young children who are around 
farm machinery or farm animals also should 
keep them from life‐threatening situations. 

Taking children (or anyone) as an extra rider on 
a tractor is very common, but it comes with 
risk, as 25% of all tractor‐related deaths are a 
result of run‐over, many because of extra riders. 
Farm safety specialists oppose extra riders with
out a properly designed extra rider (training) 
seat and accompanying seat belt.

 The Cultural Divide Between Farm 
Populations, Health and Safety 
Professionals, and the General and Urban 
Population

The tradition of family participation in farm 
work is strong. Parents want to maintain this tra
dition (2, 25) and it is important for the develop
ment of child and family, and for preparing the 
next generation of farmers (104). Additional 
c ultural factors (as reviewed in more depth in 
Chapter 15) create challenges to establishing pre
vention programs for farm youths. These include 
(1) independence, (2)aversion to regulations and 
mistrust of advocates for regulation, or people 
who lack a farm background or understanding of 
production agriculture, (3) acceptance of farm 
work as hazardous and the injuries and illnesses 
that might result, (4) maintaining the positive 
economic status of the farm rather than focusing 
on safety, and (5) acceptance of awareness‐level 
education for children but not recognizing more 
effective intervention options.

Given these sociocultural barriers, how can 
one best work to develop effective interventions? 
One can challenge it straight on as was done in a 
fairly recent poster campaign that showed a pho
tograph of a man (perhaps a grandfather) driving 
a tractor without ROPS or cab holding a pre‐
school aged child on his lap. The title above the 
picture was “It is easier to bury a tradition than to 
bury a child” (114). The effectiveness of this cam
paign is not known, but it is only one component 
of an intervention. Interventions must be com
patible with the culture and cannot interfere with 
the farming operation. The views of farmers 
should be considered. Interventions should be 
seen as something positive (or at least not costly) 
for the economics of the operation. Finally, 
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 multiple modalities should be planned as opposed 
to a single modality. These factors are reviewed in 
detail in Chapter 15.

 Utilizing the Extensive Library of 
Resources and Assistance for 
Youth Farm Safety

As mentioned previously, there is an extensive array 
of resources and organizations to facilitate preven
tion of injuries to young people on farms. The 
majority of these programs are single modality 
awareness‐level education programs, aimed at farm 
youths without a theoretical basis or good design to 
allow a critical evaluation. Gallagher (115) con
ducted a meta‐evaluation of 26 published farm 
youth interventions. Eighteen of these studies were 
awareness education only, three had an engineering 
component, and only two involved enforcement 
or multiple modalities. The outcomes generally 
showed some short‐term gains in knowledge, but 
none identified any gains in higher orders of pre
vention, the most important being actual reduction 
of injuries or illness. Gallagher felt those involved 
in youth safety were “stuck” in the education mode, 
while interventions more rigorously designed with 
a theoretical framework and multiple modalities 
have more proven potential to reduce illness and 
injuries. There are some critical barriers to advanc
ing the field of intervention in agricultural safety 
and health. First of all, higher order levels of inter
vention (i.e., engineering and regulations) are 
expensive and difficult to fund. Second, regulations 
are culturally invasive to farmers and provoke a 
strong negative and defensive reaction. However, 
the farm community will generally accept volun
tary safety education (which has shown a very low 
level of long‐term improvement in safety behavior). 
This leaves us with difficult choices to know how to 
proceed with sustainable and effective prevention.

2.3.3  Going Beyond Awareness‐level 
Education Aimed at Farm Youths

This author agrees with Gallagher (115) and 
Sanderson (104) that if education is used, it may 
be better to focus on the parents than the children. 

In addition, education should just be one part of a 
multi‐modal intervention. Such programs should 
be community‐based with leadership that helps 
assure sustainability. The Iowa model of multiple 
modalities of intervention (see Chapter  15) dis
cusses a framework for developing such a compre
hensive program within a community. There are 
many potential community leaders to help 
develop and lead such a community‐based effort. 
Examples include a school parent–teacher associa
tion, a farm organization with local chapters such 
as Farm Bureau, a 4H chapter, a Future Farmers of 
America (FFA) chapter, a local AgriSafe provider, 
or a local FS4JK chapter. Based in Urbana, Iowa, 
FS4JK advocates for farm children and produces 
numerous programs with special methods 
designed (116) to help families create and main
tain a safe environment for farm children. This 
organization has developed and maintained a net
work of some 110 local chapters in North America, 
with activities also in Europe and Australia. Local 
communities collaborating with this organization 
can help to obtain the support, advocacy, and 
information dissemination of parents and chil
dren to develop and maintain safe environments 
for farm children. Whereas FSFJK is primarily 
aimed at families and children up to high school‐
aged youths, another curriculum for high school‐
age youths has been developed called Agricultural 
Disability Awareness and Risk Education 
(AgDARE) (117). Students participating in this 
program perform two types of simulations. In one 
simulation students make decisions about actions 
they would take in hazardous farm work situa
tions. The other simulation is a physical one where 
the student assumes a disability and performs 
simulated farm work (118, 119).

Although a meta‐analysis of 26 published pro
grams found little evidence of long‐term effec
tiveness (115, 120), the results of a few programs 
have shown some longer‐term changes that point 
to potential positive approaches to youth safety 
on farms (119, 121). Parent involvement in edu
cating children on safety measures is essential. 
Educating children requires that the parents must 
educate themselves about the dangers in agricul
tural work, and they must value and practice safe 



Table 2.2 Farm youth prevention resources, organizations, and program materials

Title Comments

Resources available from The National Children’s Center for Rural and Agricultural Health and Safety (NCCRAHS; http://
www3.marshfieldclinic.org/NCCRAHS/)
Safe Play The Safe Play booklet is a resource to assist in designing a play area that is based on the 

characteristics of children who will use the area, adult supervision, and the site’s agricultural and 
environmental conditions. Recommendations for play activities are provided.

Creating Safe Play 
Areas

This mini edition contains information on child development, selecting a site, planning and designing 
play areas, fencing, and ground cover. It also contains play ideas and links to additional information.

Agritourism Health 
and Safety Guidelines

Along with the Agritourism Policies and Procedures Checklist Guide and the Worksite Checklist 
Guide, these resources can be utilized to identify safety issues so actions can be taken to prevent or 
control hazardous exposures to guests visiting the farm. General safety information has been 
integrated into the Agritourism guides (http://www.safeagritourism.com/).

Pesticides Nearby This comic book targets migrant and seasonal farmworker families and helps educate parents about 
pesticide safety and ways to minimize risks to their children.

North America 
Guidelines for 
Children’s Agricultural 
Tasks (NAGCAT)

The NAGCAT professional resource manual provides comprehensive information and detailed 
analyses of agricultural hazards, supervision, and parental responsibilities for 62 different tasks 
(http://www.nagcat.org/nagcat).

NAGCAT posters NAGCAT posters are a resource to assist parents in assigning farm jobs to their children (7–16 years 
of age). They help answer questions regarding the role of their child in developmentally appropriate 
work. They also assist clinicians who advise parents on practices regarding working children.

Safety Guidelines for 
Hired Adolescent Farm 
Workers (available in 
English and Spanish)

These guideline posters address supervisor responsibilities, teen characteristics, training and 
supervision tips, and pertinent federal regulations with communication links to local agencies to 
obtain state‐specific child labor regulations.

Seeds of Safety These safety sheets contain basic facts and prevention strategies to assist states and communities with 
preventing injury to children and adolescents. They can be distributed at clinics, hospitals, etc.

Bury a Tradition 
campaign posters

This national campaign aims to keep kids younger than 12 away from tractors.

I Didn’t Know 
campaign

The American Academy of Pediatrics recommends that children under 16 years of age do not 
operate all‐terrain vehicles.

Harvesting Health Harvesting Health is a series of single‐page sheets that answers frequently asked questions about 
health and safety issues commonly found on farms.

The Childhood 
Agricultural Safety 
Network (CASN)

Facilitated by NCRAHS, CASN is a coalition of organizations to help prevent injuries to farm 
youths. This organization provides useful information and collaboration among stake holders 
(http://www.childagsafety.org/).

Resources from Farm Safety for Just Kids (http://www.farmsafetyforjustkids.org/?page_id=32)
Animal Safety Animal safety is an issue for rural and urban youth. This educational package includes 

demonstrations and animal safety brochures with teaching resources. New games and puzzles, 
safety information, and a wildlife section have been included.

Chemical Safety Use this package to teach kids how to identify safe substances from their chemical look‐a‐likes, 
how to read a product label, and more.

Rural Roadway Safety Use these resources to teach kids about the hazards of driving in rural areas, whether they’re 
driving farm equipment or standard vehicles.

ATV Safety All‐terrain vehicle (ATV) use is on the rise and so is the need for ATV education and training. 
This package teaches children the importance of personal protective equipment (PPE) and 
certification courses.

Tractor Safety This educational package is designed to teach tractor safety to elementary through middle‐school 
students. The main objective of educating children, especially young ones, about tractor safety is 
to teach them to stay away from tractors. Tractors hold potential hazards not only to the driver, 
but to those in close proximity.

Resources from eXtension (http://www.extension.org/farm_safety_and_health)
eXtension eXtension is an interactive learning environment. This website has resources and information on farm 

youth safety in addition to a portfolio of wide‐ranging topics produced by university professionals.
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behaviors. Furthermore, families planning to 
have children should also know of the preconcep
tion and prenatal risks involved in agricultural 
exposures and take measures to prevent and avoid 
unnecessary exposure.

Assignment of tasks to children must match 
the developmental capabilities of the child (dis
cussed previously), accompanied with affective 
supervision. Mason et al. (122) studied a group of 
young farm workers over a 6‐year period and 
found about half of the children injured were 
below the appropriate developmental ages recom
mended for those tasks. To assist farm parents 
and supervisors of young workers in assigning 
safe tasks and supervising those tasks, a group of 
farm safety specialists and developmental special
ists developed the North American Guidelines 
for Children’s Agricultural Tasks (NAGCAT) 
guidelines (105, 123). These guidelines list the 
appropriate developmental stages of a child to 
allow parents to match these to their ability to 
perform specific tasks safety. Examples of some of 

the guidelines include (1) children must be 16 or 
older to drive an articulated tractor or to drive on 
a road, (2) children should be at least 16 to work 
in a CAFO unsupervised, and (3) children should 
be at least 16 to clean grain bins unsupervised. 
More guidelines for determining appropriate 
tasks can be found at the NAGCAT website (97). 
Contact information for NAGCAT and other 
organizations along with available resources are 
given in Table 2.2.

2.4 Elderly Farmers

Farming is the occupation with the oldest work
ers in the United States (124) (Figure 2.3). This 
applies primarily to owner operators of family 
farming, rather than hired farm workers. In the 
year 2012, the USDA reported (8) that 29% of 
all farmers were in the 55–64 age bracket (the 
largest age group), 21% were 65–74, and 12% 
were 75 and older. The mean age in 2012 was 

Figure 2.3 Farmers often keep working well past the usual retirement age. The man on the far right 
in this photo was 91 years old and still worked daily.
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58.3 years for all farmers and 60.1 for women 
farmers. Farmers on average are 16 years older 
than the average for all workers. The farming 
population’s average age has been increasing 
every census. The average age was 39 in 1945, 45 
in 1974, 57 in 2007, and 58.3 in 2012 (125). 
The longevity in farming is not as pronounced as 
in many European countries because the culture 
and social systems make it easier to retire and 
transfer the holdings compared to North 
America. However, there are similar trends in all 
developed countries for outmigration of the 
advanced educated young and staying in place of 
the elderly (126). An additional reason for lon
gevity in farming is that family farming is a way 
of life and not just a job. Farmers do not retire 
because they find great satisfaction in work that 
gives purpose and meaning to their lives. For 
many, it is their life. Many want to work until 
they die. As one older man said in a study of 
elderly farmers, “If I die in a farming accident, it 
would be an honorable way to die; better than 
being hooked up to tubes and machines in a hos
pital bed.” One thing that seems to make them 
stop to think about their own health risks is their 
grandchildren (127).

In some cases, elderly farmers think they must 
work to augment their retirement resources. In 
some cases, they may work because there is a 
child they hope will take over the farm in the 
future, or is in the process of taking over the farm, 
and the senior stays on to help in transition and 
“phase out” of the operation over several years, 
but remains working as long as they feel able. 
They may work because there is not a young per
son available to take over the operation. Elderly 
farmers work 50–100% the amount of time 
worked by younger farmers, and they work with 
arthritis and hearing loss, among other geriatric 
health conditions (128). They work even when 
injured (129). The risk for fatal injury begins to 
increase at age 55. A review of trends of farm 
fatalities over a 12‐year period (1992–2004) 
defined the range of fatal injuries in the under‐55 
age group with 18–20 per 100,000, while for 
those over 55 it was 45–55 per 100,000 annually 
(130). At 65, the fatality rate is 58/100,000. The 

fatality rate continues to increase as farmers con
tinue to work beyond 65. The age group 65–84 
years is the highest risk age group for fatal injuries 
(126, 131, 132). It is clear that elderly farmers 
are the norm rather than the exception, and that 
they have special health and safety risks. 
Although they understand the health and safety 
risks of farming, their self‐perceived risk does 
not match the actual risk (133). Risk for injury 
increases if the farmer has had a previous injury, 
perhaps due to the increased disability from the 
previous injury, that is, a secondary injury (134). 
Even though acute injuries from machinery or 
animals are by far their highest occupational 
risk, elderly farmers perceive their greatest on‐
farm safety risks are from electrocutions and 
chemical exposure (135).

2.4.1 Work Exposures/Risks
Tractor‐related injuries are the most common 
cause of fatal injuries (87, 131, 135–137). As 
within all age groups, fatal tractor injuries are due 
to rollovers, being run over, or falling from a 
moving tractor or implement. Falls are also a 
common cause of fatalities (138), especially in 
the group of farmers 65 and older. Many of these 
fatal falls are from tractors or farm equipment. 
Other causes of death are moving vehicles, other 
machinery, livestock, electrocution, or being 
struck by falling objects.

Epidemiology of non‐fatal injuries in elderly 
farmers reveals hazard sources and risks similar in 
pattern to fatal injuries. Falls account for 18–21% 
of these injuries, compared to 5% for all other 
workers (130, 139, 140). Most of these falls are 
from machinery or from heights in barns. Tractors 
are associated with only 11% of non‐fatal inju
ries. Animals are also an important cause of non‐
fatal injuries, with elevated risk on beef and dairy 
farms. Injuries from animals most often involve 
the arm or shoulder, and hip or leg (141). 
Associated co‐morbidities which are risk factors 
for injuries in elderly farmers include the effects 
of normal aging (e.g., loss of hearing, vision, 
smell, and touch, loss of muscle mass, strength 
and dexterity, reaction time, and cognition). 
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Arthritis and use of prescription medications may 
also increase risk (132, 134, 138, 142–146).

Fifty‐six per cent of farmers over 54 years of 
age use prescription medications. Relative to a 
comparison group, the odds ratio for injuries 
among farmers using prescription medications 
was 2.8 (CI 1.0–7.7) (141). The reasons are likely 
some combination of impairments for which 
the  medication is intended, and associated co‐
morbidities. Also, the side effects of the medica
tions could increase risk (e.g. sedation, impaired 
balance, decreased reaction time). Adverse inter
actions of multiple medications (polypharmacy is 
common in the elderly) could also increase risk. 
Prescribing physicians should consider drug reac
tions and interactions in light of what the elderly 
farmer does in their work. Side effects and adverse 
drug interactions could increase the risk of injury 
while operating tractors or working around live
stock, or doing other hazardous tasks that require 
a high level of function.

Epidemiology studies reveal that degenerative 
osteoarthritis (OA) is an important chronic injury 
issue in the elderly farmer. Generally, OA is asso
ciated with the aging process and heredity, and is 
exacerbated by long‐term heavy workloads result
ing in excessive chronic wear on the joint surfaces. 
The strenuous requirements of farm work may 
contribute to the development of OA. Specific 
risk factors include repeated lifting of heavy 
weights, kneeling, bending, squatting, long work 
hours, starting heavy work as a young person and 
continuing into years well past usual age of retire
ment. Activity in competitive sports earlier in life 
(e.g., American football, soccer, and wrestling) is 
also a contributing factor (147–149).

More specifically for farmers, degenerative 
osteoarthritis of the knee and hip is common, as 
research has defined in Europe as well as in the 
United States (Details of the pathophysiology of 
hip and knee osteoarthritis are given in 
Chapter 8.) All of the risk factors of osteoarthritis 
related to farming are unclear, but there is evi
dence that both male and female dairy farmers 
have higher risk for degenerative osteoarthritis 
of  the knee (150). Knee replacement surgery is 
common in this population (147). Forestry and 

construction work are other occupations with 
high risk for degenerative osteoarthritis of the 
knee.

Degenerative osteoarthritis of the hip is also a 
common problem among farmers in Europe and 
the United States (148). The risk for this condi
tion is similar to that for osteoarthritis of the 
knee, but tractor driving along with family his
tory and prior competitive sports are known 
strong risk factors. Total hip replacement surgery 
as well as knee replacement surgery is common 
among farmers.

A study was conducted comparing loss of 
function among farmers relative to a comparison 
population of age‐matched white‐collar workers 
(151). Elderly farmers had a mean of 2.0 func
tions lost, compared to 0.61 functions lost for 
age‐matched white‐collar workers. Examples of 
function losses were demonstrated in a study of 
Kentucky farmers age 55 and older, which 
revealed that 34.2% had hearing loss, 11.4% had 
vision difficulty, and 50.4% had arthritis (134). 
Cognition deficiencies in elderly farmers may 
impede safety judgment and proper care of medi
cal conditions (152). Difficulty seeing may 
impede avoidance reactions to impending 
h azards in time to prevent injury.

Depression affects 19% of Americans 65 years 
or older (19%). Older women are twice as likely 
to report depressive symptoms as older men (153, 
154). Elderly Hispanics and blacks (males and 
females) are more likely to have depression than 
elderly whites. The causes of these changes are 
biological (body, hormone, neurotransmitter 
changes), environmental (social isolation, not feel
ing appreciated), psychological, and environmen
tal (155). As women generally tend to outlive their 
spouses, many farm women are left alone, increas
ing their isolation. Depression in the elderly may 
have unique manifestations, characterized by and 
exacerbating the usual aging changes, including 
memory problems, confusion, social withdrawal, 
inability to sleep, delusions, or hallucinations. All 
of these factors can increase risk for injury when 
performing dangerous work tasks (156). 
Depression in the elderly may also be complicated 
with co‐morbidities, such as heart disease, stroke, 
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diabetes, cancer, and Parkinson’s disease. Health 
screenings such as blood chemistry, cholesterol, 
and cancer screening are important for early diag
nosis of chronic health conditions. However, like 
farmers in general, some elderly farmers resist 
seeking health care and/or wellness screening as 
they may perceive this as “weak” and do not want 
to “give in” to sickness. They may fear that a seri
ous illness will be discovered, so they procrasti
nate. Furthermore, they may think they are too 
old to receive expensive treatment if an adverse 
health condition is found. Any combination of 
these reasons will delay appointments until they 
feel quite ill (157).

Elderly farmers are reluctant to adopt use of 
personal protective equipment (PPE) or retrofit 
equipment with safety and guarding structures. 
They may not value the protective benefit of 
wearing ultraviolet (UV)‐protective sunglasses 
and ear, eye, and respiratory protection because 
they think their damage is already done. However, 
they are supportive that their children, grandchil
dren, and other younger people use PPE and 
proper machine guarding.

2.4.2  Recommendations for 
Prevention

Prevention for elderly farmers has been incorpo
rated in a special version of the Certified Safe 
Farm (CSF) Program for Senior Farmers (102). 
The following recommendations are incorpo
rated in that program. Elderly farmer prevention 
should encourage short breaks and not working 
when ill, as fatigue and cold or flu can increase 
their risk of injury. The vaccination history for 
elderly farmer should be reviewed to assure that 
they are up to date for pneumonia, influenza, 
tetanus, and shingles immunization.

As elderly farmers in general (as most farmers 
do) work alone, they may have a significant risk 
of delayed treatment from an injury, and an 
increased risk for serious complications or death. 
There should be an emphasis to structure work so 
that the elderly do not work alone or a communi
cation system should be in place (such as where 
and when the elderly person is working and times 

of expected return) or a portable communication 
device (cell phone or two‐way radio) to alert need 
for assistance should it arise. Note there are appli
cations for smartphones (e.g., Find my iPhone) 
that will give the location of the cell phone to a 
remote computer (158).

An innovative program that seems to attract 
elderly together with their grandchildren is the 
Generations Project (159). This project requires 
grandparents and their grandchildren to work 
together through teaching by stories and to cor
rect hazards on the farm.

 Specific Prevention Activities for  
the Elderly

Tractor Safety Programs: Since tractor overturns 
are the number one cause of fatality in elderly 
farmers (North America), emphasis should be 
placed on installing ROPS with seat belts on trac
tors, retiring tractors without ROPS, or strongly 
discouraging the elderly from operating tractors 
without ROPS. Over 60% of elderly farmers 
commonly operate tractors lacking ROPS, seat
belts, working lights, slow‐moving vehicle (SMV) 
emblems, and power take‐off (PTO) shields 
(133). Only 26% of elderly farmers believe the 
benefits of ROPS outweigh the costs of installa
tion (even though 88% believe they are effective). 
Cheril Tevis, a former editor of Successful Farming 
Magazine interviewed many farmers about their 
risks of farm injuries and has written numerous 
articles on her findings: “In general, senior farm
ers rate tractor operation as a moderate to low‐
level risk—much like the perceived risk of driving 
in a car without a seatbelt” (133).

Several tractor safety programs have shown 
some effectiveness in ROPS installation. One that 
is applicable to the elderly is the Tractor Risk 
Abatement and Control (TRAC‐SAFE) program at 
the University of Iowa (160, 161). This community‐
based program includes in‐depth education, 
involvement of local machinery dealers, and com
munity incentives. It also emphasizes reassigning 
tractors without ROPS away from use in hazardous 
tasks, like operating on inclines, mowing ditches, 
banks, or waterways, and with front‐end loaders.
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Decreasing Risks of Falling: Falls are a critical 
risk for the elderly farmer. Falls on ice are com
mon in northern climates. These can be reduced 
by ensuring that places where water can collect 
and freeze are eliminated by drainage, rain gutters 
and down spouts are in proper working order, 
walkways are covered, and a container of sand or 
salt is kept at sites that may be slippery during 
cold weather. Using traction treads on shoes and 
strap‐on ice grips may be very beneficial. Other 
general fall prevention measures include safe lad
der usage and wearing a safety harness when work
ing on high places, as well as high‐quality lighting, 
especially where there might be trip hazards.

Physical Fitness: Although farming is hard work, 
the work involved in modern farming, which is 
highly mechanized, may not maintain muscle tone, 
bone density, and cardiovascular fitness. Elderly 
farmers should be encouraged to participate in either 
home programs or group programs that encourage 
weight‐bearing exercise and cardiovascular fitness.

The general prevention principles for elderly 
farmers discussed above can be summarized in 
the best practice points below.

1. Practice prevention early in life to reap bene
fits in later life, as early physical trauma will 
exacerbate the normal aging processes (e.g., 
hearing, sun, and chemical protection).

2. Install good lighting in all work and walk 
areas, with handrails and marked steps.

3. Institute new work activities to stimulate 
mental activity.

4. Ensure annual medical exams, stressing geriat
ric changes relative to work status (discussed 
in more detail below).

5. Ensure annual review of prescription and 
over‐the‐counter medications by a competent 
medical provider (knowledgeable in the prin
ciples of agricultural medicine) relative to 
interactions and adverse reactions, and relative 
to current work tasks.

6. Ensure clothing is in good repair and 
weather‐appropriate.

7. Ensure appropriate PPE is used for the specific 
agricultural exposures, and that the PPE is 
properly maintained.

8. Ensure frequent rest periods.
9. Ensure adequate and balanced nutrition.

10. Ensure regular exercise for strength, preven
tion of bone loss, and cardiovascular health.

11. Ensure cessation of smoking and moderate 
alcohol use (not more than 1–2 drinks per day).

12. Ensure annual dental exam and care.
13. Ensure social and/or faith‐based connections 

if possible.
14. Involve community prevention programs, as 

this might be the best way to achieve 1–13.

Issues for Clinical Screening of Elderly Farmers: 
When conducting physical examinations and 
screenings for elderly farmers, several points 
should be considered. Many of these points have 
been mentioned above, but are included here for 
a clinical perspective.

1. Screen all medications, current and new, for 
side effects that may impair farmers physically, 
increasing their risk of injury in their work. 
Screen also for use of over‐the‐counter medi
cations and home remedies.

2. Check vision and hearing regularly.
3. Examine skin for keratoses and cancers.
4. Review annually immunization record for 

influenza, pneumonia, tetanus, and shingles, 
and provide immunizations as necessary.

5. Examine for arthritis and balance ability.
6. Consider the following screenings (note cur

rent screening recommendations for c, d, and 
e below are being deliberated by public health 
professionals as of 2014 and may change):
a. Diabetes (blood sugar level).
b. Hypertension (blood pressure).
c. Osteoporosis (bone density).
d. Prostate cancer (PSA for men).
e. Breast cancer (mammograms for women).

7. Question and counsel on the following:

a. Regular exercise to maintain strength and 
bone density.

b. Sleep disorders.
c. Depression and opportunities to manage it.
d. Wearing appropriate PPE for relevant 

work (e.g., UV‐protective glasses, hearing, 
and respiratory protection).
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e. Proper posture to reduce risks of sprains 
and strains.

f. Advise on the realities of presbycusis and 
how to manage it.

g. Advise on prevention of hyper‐ and 
hypothermia.

h. Advise on symptoms of stroke and heart 
attack.

Note that recommendations from general 
medicine practice may vary from country to 
country, and that some of these recommendations 
are also appropriate for general medical screening.

2.5  Migrant and Seasonal Farm 
Workers

With the trending decrease in the number of 
farms, number of farmers, and corresponding 
increase in farm size, production in agriculture 
has been buoyed by the input of a large cadre of 
farm workers (162, 163) (Figure 2.4). Note that, 
as discussed in Chapter 1, approximately half of 
the farm workers in the United States are indig
enous, local workers, and half are foreign 
(Table 2.3; 164, 165). The general term used for 
the latter is migrant and seasonal farm workers 
(MSFW). However, many of these have now set
tled out and work on a single farm year round, 
such as large swine or dairy farms. The trend 
toward fewer, larger, more specialized farms in 
the United States is also evident in many indus
trialized countries around the world, with 
migrant and seasonal labor in general estimated 
at more than 200 million persons living and 
working outside their country of birth (a 23% 
increase in the past two decades) (166). This 
phenomenon has been prominent not only in 
industrialized countries, but also in some devel
oping countries as available labor from low‐wage 
areas within countries or from low‐wage coun
tries seek opportunities to better their income. 
Migrant and seasonal farm labor has been a 
global reality for generations. However, an 
increased demand for low‐wage labor has been 
realized over the past two decades because of the 

increased competition of our global economy. 
Movement of low‐wage labor is also enhanced as 
a result of the unbalanced global economy, wars, 
and famine. This expansion in the use of hired 
farm labor has been prominent in North 
America, where consolidation and industrializa
tion of farming enterprises has proceeded at a 
rapid rate. Also, growth in labor‐intensive crops 
has increased farm labor demands, evidenced by 
a 66% increase in the US annual production of 
fruits and vegetables (167). In the United States, 
migrant and seasonal workers are predominantly 
Latino (30% in the United States generally, but 
90% in California), mainly from Mexico (65%) 
and Central America (3%), though there are also 
many African‐American, Haitian, Anglo, and 
Asian farm workers (164). Once only prominent 
in states like California, Arizona, Texas, and 
Florida, hired farm labor has expanded into the 
whole of the south‐east, north‐east and upper 
Midwest of the United States and Eastern 
Canada.

Hired farm workers are defined by the US 
Census Bureau as “people employed to perform 
tasks on farms for the purpose of producing an 
agricultural commodity for sale." The USDA and 
the US DOL list the official number as about one 
million total farm workers in the United States. 
About 50% of these workers are local or indige
nous, usually of white race. The US DOL 
National Agricultural Workers Survey presents 
the best demographic data and trends for MSFWs 
in the United States (168). About 50% or 
500,000 of farm workers are MSFW. Note that 
some private organizations estimate a higher 
number of MSFW in the United States, three to 
five million, when counting children and depend
ents. However, accurate data are difficult to 
obtain, and these higher numbers are subject to 
interpretation (169–171). As mentioned above, 
farm workers may be divided into several catego
ries: (1) indigenous or local workers, (2) migrant 
farm workers (those required to travel more than 
75 miles and stay away from their home), (3) sea
sonal farm workers (those performing agricul
tural work of a seasonal or temporary nature, but 
not required to be away overnight from their 
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home.), and (4) immigrant or foreign farm work
ers who have come to stay and have settled to 
work in permanent jobs in one location, or have 
initiated their own operations. The groups 
described in (2) and (3) are the MSFWs and they 
make up about 50% of all hired farm workers in 
the United States. They are considered minority 
groups in society, and are usually foreign born 
(172). People may come from outside the coun
try for agricultural work at certain times, depend
ing on the crop cycle, and return to their homes 
at intervals. Nearly half the MSFWs (48%) do 
not have legal status (undocumented) to be in the 
United States. Although a guest worker program 
in the United States (the H‐2A program) allows 
legal entry for work for a defined period of time, 
only a small percentage of the immigrant workers 
in the United States have this status. The pro
gram is employer driven, and it takes time and 

effort to obtain and maintain that status for spe
cific workers. Only about 30% of MSFWs report 
that they speak English well. The mean education 
level for MSFWs is 8th grade. Many (23%) have 
incomes below the federal poverty guidelines. 
Only 8% report having health insurance, and 
most are not covered by workers’ compensation 
laws or other social services, but this varies from 
state to state (169). Details of the demographics 
of this population are found in Table 2.3. Many 
of the “settled out” foreign‐born farm workers are 
working in large swine, poultry, and dairy opera
tions, or meat and poultry processing plants. 
Women and children are a part of this work force, 
mainly as members of family units that have 
settled and stay in limited geographic areas (173).

The traditional migration patterns of MSFWs 
have been described using a “three streams” con
cept (west coast, Midwest, and east coast streams), 

Figure 2.4 Migrant worker. (Source: Jerry Horbert/Schutterstock.com.)
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Table 2.3 Migrant and seasonal farm workers (MSFWs) in crop production in the United States: 
cultural, legal, and demographic characteristics by percentage of the total (2007–2009 data unless 
otherwise noted)

Demographic data Trends since 2002–2004 survey

Birthplace

United States/Puerto Rico
Foreign borne

29%
72%

Relatively stable
Relatively stable

Slight decrease
Slight decrease
Relative increase

Mexico (total)
West Central (states surrounding Mexico 

City)
Central North
Southern Pacific States

68%

45%
35%
20%

Central America 3% Steady

Other 1% Steady

Years since arrival (mean)
>20 years

29% Increase by 200%; more long‐term workersa

Age in years (mean) 36 Slight increase

Legal status overall
US citizen
Authorized, e.g., Green card/H2A/other
Unauthorizedb

33%
19%
48%

Little change overall

Employment type
Seasonal/follow‐the‐crop
Shuttle between work and home (home in 

Mexico 29%; home in US 17%)
Direct hire by farmer

Hired by labor contractor
First‐year migrant

19%
46%

88%

12%
35%

Increased direct hire by employer; increased multiple‐year 
employment by the same farmer

Less labor contractor employment
Slight decrease

Language
Spanish native
No English
Limited English
English working proficiency

81%
48%
37%
14%

Increase in proficiency 10 years after arrival

Housing (2002–2004)
Rental on open market
Home owner
Employer‐supplied housing

58%
19%
21% Trends toward less employer‐provided housing

Gender
Male
Female

79%
21%

Steady

Marital status
Single
Married
Mixed status

41%
59%
24%

Steady

Family status
Family with children
Average family size
Working separated from family

51%
2

34%

Steady

(Continued )
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although this pattern seems to be changing with 
changing availability of work. Generally MSFWs 
move through the country from south to north: 
from South California to Northern California, 
Oregon, and Washington, from Texas and Arizona 
to Ohio, Michigan, Indiana, Illinois, Wisconsin, 
and other states in the upper Midwest, and from 
Florida to Georgia, the Carolinas, and New 
England in the east (174, 175). Other migration 
patterns within these main streams are restricted 
circuits, point‐to‐point, and nomadic patterns. 
The restricted circuit pattern is defined as MSFWs 
travel throughout a relatively small geographic area 
to find work. MSFWs who are on a point‐to‐point 
pattern follow the same route through the country 
to find work each season, usually with home bases 
in Florida, Texas, Mexico, Puerto Rico, or 
California. The nomadic farm worker travels from 
farm to farm and crop to crop, living away from 
home for extended periods of time (175).

As previously mentioned, migrant and seasonal 
workers and immigrant farm workers are com
mon in many other countries as well. For exam
ple, Brazil (perhaps the most rapidly developing 

industrialized agriculture sector in the Western 
Hemisphere), is utilizing migrant and seasonal 
labor. The UK utilizes migrant and  seasonal farm 
workers originating from many different European 
and Commonwealth countries. The horticultural 
industry alone employs about one million workers 
every year. Other farm labor jobs within the 
European community include fruit picking (e.g., 
strawberries and gooseberries) and vegetable pick
ing (e.g., cauliflower) (176, 177). French farmers 
employ migrant and seasonal workers to pick fruit 
such as grapes, blueberries, raspberries, and straw
berries. Denmark uses migrant and seasonal labor 
to pick strawberries among other crops, and the 
Netherlands employs migrant and seasonal labor 
to pick fruit and flowers. The primary countries of 
origin for the bulk of these workers in the UK are 
India, Australia, and South Africa. Australia has a 
developed a tradition of the “backpacking tempo
rary” farm worker. These typically are students 
from Europe and North America traveling in 
Australia who stop to work for a few weeks to gain 
money to continue their travels. They work at 
picking fresh fruits and vegetables. Australia fruit 

Table 2.3 (Continued)

Demographic data Trends since 2002–2004 survey

Birthplace

Education (highest level)
None
1–6 years
7–9 years
10–12 years
Post‐high school

5%
40%
17%
28%
9%

Trends toward more workers with high‐school education

Wages
Hourly mean $8.50
Annual mean income
$15,000–$17,500
Family income < poverty level

33%

23%

Wages have increased, but less than for non‐agricultural 
employment

The mean income of MSFW

Health insurance
Paid by employer
Government (2000–2002)
Spousal coverage (2000–2002)
Self‐pay (2000–2002)

Unemployment insured

8%
19%
12%
15%
39%

Decline in employer‐paid health insurance

Source: 2007–2009 data, http://www.ncfh.org/docs/fs‐Migrant%20Demographics.pdf; 2000–2002 data National Agricultural 
Workers Survey conduced by the US Department of Labor, www.doleta.gov/agworker/report9/toc.cfm.
a 10% or more increase from 1993–1994 survey.
b 10% or more decrease from 1993–1994 survey.
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growers also hire “boat people” from surrounding 
Asian countries as seasonal labor (178). There is 
concern from the Australian government for the 
protection of these people regarding work expo
sures. On the other hand, the government is try
ing to manage the illegal immigration of these 
people into the country, causing the boat people 
to live in the bush, where living conditions are not 
necessarily safe and sanitary. New Zealand pro
ducers hire seasonal workers to pick fruit such as 
apricots, cherries, and apples (178).

2.5.1 Work Exposures/Risks
There are numerous occupational and environ
mental hazards for MSFWs (163). Although 
detailed and accurate data are not readily available 
(179), the following paragraphs review the major 
risk concerns documented in the literature.

Housing

Adequate, safe, and sanitary housing has been a 
long‐standing problem for MSFWs. Often the 
employer provides the housing. Although most 
countries have standards for worker housing, many 
labor camps still have marginal environmental 
conditions. Lack of potable water and sanitary toi
let and bathing facilities are often a concern. 
MSFWs who rent housing on the available market 
may also be relegated to less than standard hous
ing, as they look for low‐rent facilities as wages are 
minimal and they want to save money to send 
home. Housing may be located close to fields 
where pesticides are stored and applied, creating 
exposure risk through contamination of the local 
premises, air, and water (180). Environmental 
sampling of homes has revealed low levels of the 
pesticides used on crops in the region within hous
ing units. Azinphos‐methyl (AZM; 180) is one 
chemical commonly found in farm worker hous
ing in California (AZM is being phased out by the 
Environmental Protection Administration (EPA)).

Toxic Exposures

Pesticide Exposures: The majority of publications 
and worker protection activity for MSFWs 
has  addressed pesticide exposure through work. 

Health outcomes and lower toxicity of new pesti
cides suggest that illnesses from work exposure 
to  pesticides are not a leading MSFW acute 
health risk. The most toxic insecticide chemi
cals  (cholinesterase‐inhibiting compounds) have 
largely been replaced with less toxic pyrethroid or 
neonicotinoid insecticides. The primary potential 
for pesticide exposure is through contact with fruit 
and vegetable crops that have been treated with 
pesticides (181) or through mixing and loading or 
applying pesticides. There are important geo
graphic and production‐specific work exposures. 
California and the south‐west and south‐east states 
have the type of agriculture where worker pesticide 
exposure may be an increased risk. Caution should 
continue for employers to evaluate the potential 
exposure risk to protect MSFWs. Evaluation of 
potential exposure should include the toxicity of 
chemicals used and work practices that may bring 
workers into contact with the pesticide. Generally, 
MSFWs on their own are not as likely to wear PPE 
and may not follow hygienic practices at home 
(showering, washing clothes frequently, etc.). 
Though US farm operators are required by the 
Occupational Safety and Health Administration 
(OSHA) to provide safe hand washing facilities in 
the fields, not all comply, increasing hazardous 
exposures (167). Acute and chronic pesticide 
health effects are covered in detail in Chapter 6.

Green Tobacco Sickness

Green tobacco sickness (GTS) was first described 
in 1970 in a tobacco MSFW in Florida. In the 
late 1990s and 2000s, more reports in the 
tobacco‐growing regions of the south‐eastern 
states (mainly North and South Carolina, 
Kentucky, and Florida) have prompted research 
and preventive recommendation for this health 
risk. The health risks for tobacco workers extend 
to many workers around the world. The top six 
tobacco‐producing countries include China, 
Brazil, India, the United States, Malawi, and 
Zimbabwe. Tobacco is grown to a lesser extent in 
118 other countries. Arcury (182) surveyed 
MSFWs in North Carolina and found that 25% 
of tobacco workers have experienced GTS and 
8% of workers experience GTS during any given 
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week. During the harvest season (August and 
early September), 11% of the exposed workers 
may experience GTS during a given week.

GTS is caused by skin absorption of nicotine 
during handling or contact with tobacco leaves 
(which are laden with nicotine, especially close to 
maturation of the plants). Symptoms of GTS 
include several of the following: nausea, vomit
ing, abdominal cramps and pain, diarrhea, head
ache, weakness, variable blood pressure and heart 
rate, difficult breathing and possibly excessive 
sweating and salivation. GTS is usually a self‐
limiting, non‐threatening illness lasting 2–4 days. 
However, it could enhance the risk of or exacer
bate heat‐related illnesses and dehydration. The 
diagnosis of GTS requires ascertaining several of 
the clusters of symptoms mentioned above, along 
with a compatible occupational history, especially 
if the following risk factors are complicit.

1. Harvesting (priming) the leaves by hand 
(harvest season is August and early September 
in the south‐eastern United States).

2. A high degree of skin contact with the leaves 
(e.g., no shirt, short pants, open shoes with
out socks while working in the tobacco fields).

3. Skin damage on areas of plant contact (e.g., skin 
abrasions, rash, cuts, etc. on hands or arms).

4. Working in wet conditions (heavy dew, rain).
5. No personal protection used.
6. No or little previous exposure during the 

current season.
7. Non‐smoker or other tobacco user.
8. Hot temperatures during field work.
9. Alcohol consumption within the 48 hours 

prior to work.
10. Obesity.

Treatment of GTS: The first goal is to remove 
the person from the work that results in exposure. 
Next, the person needs to shower with soap and 
water, and don clean clothes. In more severe cases, 
the patient may need IV rehydration with a bal
anced electrolyte. An antiemetic may be used to 
dispel vomiting and nausea, for example diphen
hydramine (sold over the counter as dephenhy
drinate or dramamine, which may include 
theophylline) or meclizine (sold over the counter 
as Dramamine or other brand names) (183).

Prevention of GTS: The following recommen
dations help to prevent GTS (182, 184):

1. If possible, avoid harvesting when there is 
heavy dew or rain.

2. Wear a long‐sleeved shirt, long pants and a hat 
while harvesting or in contact with the mature 
plants.

3. Wear PPE, especially in wet conditions, 
including a rain coat and chemical‐resistant 
gloves (e.g., of neoprene or nitrile material). 
Note there must be a balance between effec
tive use of PPE and putting the worker at risk 
of a heat‐related illness.

4. Cover skin abrasions, cuts or other skin lesions 
with a non‐absorptive material.

5. Avoid alcohol consumption.

 Other Common Health Problems of  
MSFWs

Eye problems are commonly reported (up to 40% 
prevalence) by MSFWs. These include physical 
trauma (corneal scratches or ulcerations) and con
junctivitis. Causes include punctures with foreign 
objects (from working amongst foliage and other 
plant materials), pesticide chemicals such as sul
fur and propargite, and field dust. Working in 
bright sunlight carries a risk of retinal and corneal 
exposure to UV light, which can lead to long‐
term damage to the cornea, lens, and formation 
of pterygium. The latter is a condition of scar tis
sue evolving from the sclera (white portion of the 
eye) usually initiating from the nasal side and 
eventually proceeding over the cornea, which can 
impair vision. Wearing hats and safety/sunglasses 
would be helpful, but nearly 99% of workers do 
not wear eye protection. Part of the reason for this 
may be the negative cultural connotation for 
wearing sunglasses, as drug dealers in Mexico and 
Central America wear sunglasses and workers do 
not want to be associated with them (185).

Heat‐related Illnesses

Heat‐related illnesses range in severity from mus
cle cramps, heat exhaustion, and heat syncope, to 
heat stroke (the latter is a medical emergency). 
There were 68 heat–related fatalities reported 
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in  agricultural workers from 1992 to 2006 
(0.3/100,000 workers per year). The highest rate 
of heat fatalities was recorded in North Carolina 
(2.4/100,000), where manual work with tobacco, 
for example tending and harvest, is conducted 
during the sunny, hot, and humid summer 
months, creating a risk of harmful heat stress. 
The fatalities occurred mostly in males (74%), 
white‐skinned non‐Hispanics (48%), Hispanics 
(31%), and blacks (16%) (186). The pathophysi
ology of heat‐related illness and prevention is 
covered in detail in Chapter 9.

Musculoskeletal Injuries

The labor‐intensive nature of MSFW employ
ment results in heavy and chronic strain on the 
musculoskeletal system. Thirty‐one per cent of 
MSFWs report muscle and joint strain (187). 
Approximately half of the musculoskeletal inju
ries experienced are back injuries (188). Causes 
include heavy lifting, working in stressful pos
tures, such as reaching above the head to pick 
with a heavy sack on the back or bending at the 
waist for long periods, working at an excessively 
fast pace, whole‐body vibration from operating 
or working on farm machines, and working in 
hot or cold climates (167, 181). Details of mus
culoskeletal diseases and ergonomics in agricul
tural workers are covered in Chapter 8.

Skin Conditions

A survey of North Carolina MSFWs revealed that 
24% experienced skin conditions early in their 
seasonal farm work. However, a follow‐up survey 
revealed a prevalence of 37% for skin conditions at 
the end of their seasonal work (189). Specific out
breaks of skin conditions have been noted in 
California related to the harvest of grapes, tomato, 
and citrus. Most of these conditions are irritant 
contact dermatitis. A number of different insecti
cides and herbicides are known causes of contact 
dermatitis (see Chapters 6 and 4). Elemental sulfur 
and the insecticide/fungicide propargite are known 
strong dermal irritants. Furthermore, there are 
plant components that can also cause dermato
logic problems. Plants including carrots, celery, 

and parsnips contain the chemical furocoumarin, 
which can cause severe irritant photo‐contact der
matitis in combination with sun exposure. Details 
of skin conditions are covered in Chapter 4.

Respiratory Illnesses

MSFWs have similar respiratory exposures to 
other farmers, but some specific risks are of special 
concern for this population. MSFWs who work 
in large‐scale swine and poultry production and 
dairies are exposed to organic dusts and risk the 
syndrome of organic dust disease, as described in 
Chapter  3 (including bronchitis, non‐allergic 
asthma‐like conditions, and mucous membrane 
irritation). Schenker (190) has identified that 
inorganic dust exposure (particularly in dry cli
mates) in California is a risk for pneumoconiosis. 
Silica is a component of most soils, and in dry 
climates soils aerosolized from tillage and wind 
erosion may settle out on plant foliage. During 
harvest of grapes and other fruit and vegetable 
crops, this dust can be re‐aerosolized and inhaled, 
creating the risk of small airways diseases and 
pneumoconiosis (190, 191). Long‐term risks 
include loss of lung capacity form scarring and 
possible chronic obstructive lung disease (COPD). 
Additional to these occupational exposures, life
style and general health are also contributors to 
adverse respiratory health. Smoking is a contrib
uting factor to almost any occupational respira
tory exposure. Smoking prevalence in MSFWs is 
similar to the general Hispanic population, which 
was 15% in 2004 (CDC 2005). This compares to 
around 5% prevalence for the general farming 
population. Pulmonary function screenings of 
MSFW show reduced forced vital lung capacities, 
which may be explained by exposure to agricul
tural organic and inorganic dusts. These changes 
are independent, but in the magnitude of 
that expected for cigarette smoking (181). There 
is no  Hispanic normal comparison population 
for   pulmonary function, which may result in 
false  low pulmonary function values. To deter
mine occupationally‐related acute obstructive 
pulmonary function deficits it is therefore best to 
compare before‐ and after‐work measures.
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MSFWs have a six‐fold risk of tuberculosis 
compared to other employed adults (192, 
193). The risks include having been born in a 
country with a high prevalence of tuberculosis. 
Co‐mingling of tuberculosis‐infected persons in 
migrant camps or in the workplace creates a 
risk  of infecting other workers. Additional risk 
factors include poverty, crowded living condi
tions, mobility, poor access to health care, and 
non‐compliance with tuberculosis medications. 
Additional social factors in some MSFWs, such 
as homelessness and alcohol abuse, increases the 
risk of tuberculosis in some workers (194).

Mental and Behavioral Health

MSFWs endure many stressors that can lead to 
depression, including uprooting and separation 
from nuclear and extended family, separation 
from community and cultural origins, and adapt
ing to a host culture. Additional stressors include 
low and unpredictable income, language barri
ers, discriminatory treatment, inadequate hous
ing, rigid work demands, and fear of deportation 
(195, 196). The native Hispanic culture is a “col
lectivist society” and people thrive on strong 
family connections which include a strong sup
port system (197). Many of the previous factors 
take them out the realm of self‐control (a strong 
stressor) and transfer control to their employer or 
labor contractor, their guest culture and a society 
foreign to them. Several surveys of MSFWs have 
revealed a prevalence of depressive symptoms 
from 20% to 40% (197–199). Additional to 
depression and alcohol issues, Hiott and col
leagues found 18% of surveyed MSFWs in 
North Carolina had impairing anxiety (196). 
Other research has shown that social isolation 
and work conditions are strong correlates to 
adverse mental health conditions in MSFWs 
(198, 199). Vega (200) found rates of various 
psychiatric disorders far lower in Mexico and in 
recent immigrants relative to immigrants with 
lengthy US residence or those of Hispanic work
ers born in the United States.

Children of MSFWs are at risk because of the 
social and environmental conditions in which 

they live (59, 201). Dental caries is a problem in 
these children (202). Regular dental check‐ups 
are rare. Lukes and Miller (203) found that 51% 
of MSFW children had not sought oral health 
care in the previous year as they typically do not 
see a dentist unless there is pain. Also, nearly 50% 
of adult MSFWs had symptoms of periodontal 
disease. Caries in MSFW children has followed a 
world‐wide decrease, but this was primarily seen 
in permanent teeth and not in deciduous teeth. 
School age children of MSFWs are still at high 
risk of dental caries (204).

Barriers to Healthcare Services

Language barriers to healthcare services persist 
(205) even though most hospitals employ transla
tors. There are also transportation barriers as 
most MSFWs do not have automobiles, and if 
they do drive, they often do not have a valid driv
er’s license or automotive insurance. Most (85% 
by one survey) MSFWs do not have health insur
ance (206). The fact that many MSFW are not 
authorized to work in the United States keeps 
them from utilizing governmental healthcare 
agencies or sometimes from seeking any health 
care, for fear of being identified and deported 
(167). Cultural barriers include the fact that 
Hispanics do not like to be examined by a person 
of the opposite gender. Furthermore, folk medi
cine beliefs remain strong in many Hispanic 
communities, which might interfere with health
care treatment. Because of the migrant nature of 
this population, medical records may not be 
available. MSFWs primarily live in the present, 
and the concept of preventive care is not relevant 
to their frame of reference. Lack of information 
and cultural barriers exacerbate this problem 
therefore their medical care is primarily acute ill
ness care. This is a concern for chronic condition 
care. For example, Hispanics (also Native 
Americans) have a genetic predisposition for dia
betes, which is exacerbated by the North 
American diet. Early diagnosis and long‐term 
treatment of diabetes is critical to preventing the 
numerous complications of the condition later in 
life. Another example of the barriers to health 
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care is the finding that MSFW women underuti
lize mammograms and Pap tests because of cul
tural beliefs and limited awareness or belief of the 
benefits (174). In spite of these barriers to health 
care, neonatal survivability and birth weights of 
Hispanic farm worker babies are significantly 
greater than in the general population (207). The 
reasons for this observation are not known.

2.5.2  Prevention and Protection of 
MSFWs

Protection of MSFWs includes effective and 
enforced policies and additional interventions to 
address particular hazards and risks. Concerning 
policy at the international level, the Commission 
on Human Rights of the World Health 
Organization (WHO) held an International 
Convention on the Protection of Migrant 
Workers and Members of their Families. This 
convention developed a document laying out a 
series of rights that should be afforded to all 
migrant workers. It was adopted by the General 
Assembly of the WHO in December of 1990, 
and has been ratified by 25 member states. The 
resolution went into force on 1 July 2003. The 
primary points of the International Declaration 
of Migrant Workers Human Rights include the 
following human rights provisions, which are 
considered universal, indivisible, interconnected, 
and interdependent (208):

•	 Assurance of a sufficient wage that contrib
utes to an adequate standard of living.

•	 Freedom from discrimination based on race, 
national or ethnic origin, sex, religion or any 
other status in all aspects of work, including 
in hiring, conditions of work, and promo
tion, and in access to housing, health care, 
and basic services.

•	 Equality before the law and equal protection 
of the law, particularly in regard to human 
rights and labor legislation, regardless of a 
migrant’s legal status.

•	 Equal pay for equal work.
•	 Freedom from forced labor.
•	 Protection against arbitrary expulsion from 

the state of employment.

•	 Right to return home if the migrant wishes.
•	 The human right to a standard of living 

adequate for the health and well‐being of the 
migrant worker and his or her family.

•	 Safe working conditions and a clean and safe 
working environment.

•	 Reasonable working hours, rest, and leisure.
•	 Freedom of association and to join a trade 

union.
•	 Freedom from sexual harassment in the 

workplace.
•	 Protection during pregnancy from work 

proven to be harmful.
•	 Protection for the child from economic 

exploitation and from any work that may be 
hazardous to his or her well‐being and 
development.

•	 Education for the children of migrant 
workers.

•	 Reunification of migrants and their families.

If this “Bill of Rights” for MSFWs is univer
sally practiced, the health risks for this popula
tion should significantly improve.

Culp and Umbarger (172) provide a review of 
the laws affecting the health and welfare of 
MSFWs. In the United States, the DOL enforces 
the Migrant and Seasonal Agricultural Worker 
Protection Act (MSWPA), which provides employ
ment‐related protection to migrant and seasonal 
agricultural workers. Every non‐exempt farm labor 
contractor, agricultural employer, and agricultural 
association who employs farm workers must (209):

•	 provide written disclosure of the terms and 
conditions of employment in the worker’s 
language

•	 post information about the Worker 
Protection Standard at the work site in the 
worker’s language

•	 pay workers the wages owed when due and 
provide an itemized statement of earnings 
and deductions

•	 comply with the terms of any working 
arrangement made with the workers

•	 make and keep payroll records for 3 years for 
each employee

•	 set standards for safe housing for MSFWs.



Chapter 2 Special Risk Populations in Agricultural Communities 73

OSHA has created standards for field sanita
tion and potable water provision. Furthermore, 
although OSHA exempts farms with fewer 
than 11 employees, they do not exempt them, 
regardless of number of employees, if they have 
a temporary labor camp. The EPA has set 
Worker Protection Standards (WPS), which are 
designed to protect workers from pesticide 
exposures. The Health Resources and Services 
Administration (HRSA) (210) operates a spe
cial populations division which includes 165 
migrant health clinics scattered across the 
United States charged to provide comprehen
sive high‐quality and culturally competent pre
ventive and primary care to farm workers. They 
are also charged to focus on the occupational 
health and safety needs of this population. 
Two  non‐profit organizations (the Migrant 
Clinicians Network (211) and the National 
Center for Farm Worker Health)(212) work to 
advocate and provide resources for the health 
and welfare of this population.

Even with the above stated public and private 
resources for the health of MSFWs, lack of health 
and safety training has been cited as a major con
cern. Several studies have shown that only 7% of 
farm operations who hire MSFWs provide health 
and safety training for their workers, and less 
than 30% of MSFWs have had adequate health 
and safety training for jobs they do (213–215). 
One of the most important factors in improving 
this situation is to educate farm owners how to 
better teach occupational health and safety to 
MSFWs. Culturally and linguistically appropri
ate and translated materials are needed (216). 
Although Spanish is the primary language of 
Hispanic MSFWs, some use regional Native 
American languages (e.g., Aztec or Mayan‐related 
dialects) in their home communities therefore 
translation resources and training programs must 
accommodate these realities. Explicit safety rules 
should be developed and effectively communi
cated to the workers. In this author’s opinion 
(KJD), pesticide safety exposure has dominated 
the discourse on MSFW safety, to the detriment 
of developing more comprehensive prevention 
that includes eye protection, skin protection, 

musculoskeletal injuries, heat‐related illnesses, 
infectious diseases and respiratory illnesses. 
Finally, there needs to be a renewed emphasis to 
assure that MSFWs have safe and sanitary hous
ing, water, and sanitary facilities.

The following suggestions from the Migrant 
Health News line (a product of the National 
Center for Farm Worker Health) (217) are listed 
below to assist rural health practitioners to 
 provide quality health services to MSFWs.

1. To better understand this patient population, 
seek information and skills on cultural compe
tency for MSFWs in your area.

2. Be aware of the living and working situations 
of MSFWs in your area by asking your patients 
and the MSFW employers’ questions. Use this 
information to provide care and advice to your 
patients, e.g., be sure a patient has a refrigerator 
before prescribing medication that needs refrig
eration or asking them to apply ice to an injury.

3. The first visit of an MSFW and family mem
bers may take extra time because of language 
and transportation barriers. Consider booking 
two time slots for them.

4. When communicating to the patient or inter
preter, look directly at the patient and speak 
slowly but not loudly. Communicate in simple 
but organized sentences, e.g. “You have _______ 
because of ______. You must do three things to 
get better: 1.______, 2.______and 3. _____.”

Research on computer‐based training for 
MSFWs has been conducted by Anger, Rohlman, 
and colleagues (218, 219). This technique should 
address literacy concerns, as well as language and 
culture. Arcury (216) suggests that farm workers 
should be included as presenters as a part of the pro
gram. Further research is required to identify the 
most effective ways to deliver education to MSFWs.

2.6 Old‐order Anabaptists

Members of Anabaptist religious groups number 
1.7 million people and are distributed over 83 
countries. Thirty per cent live in North America, 



74 Agricultural Medicine

38% in Africa, 18% in South‐East Asia, 10% in 
the Caribbean and South America, and 4% in the 
EU (220). A large number of Anabaptists live in 
agrarian farming societies (Figure 2.5). Anabaptists 
are just one of many religious groups spawned out 
of the Protestant Reformation of 1517 (221). The 
Anabaptist movement began in Switzerland fol
lowing reforms begun by the ideas of Ulrich 
Zwingli (222). The term “Anabaptist” has its ori
gin in the Greek word meaning “rebaptized,” 
referring to the belief that adult instead of child 
baptism is essential to the Christian faith (223). 
Although at least 50 Anabaptist sects originally 
evolved, there are four main sects discussed here: 
Amish, Mennonites, Brethren, and Hutterites. 
These people reside in agrarian communities scat
tered mainly in North America, and to a lesser 
extent South America. (Although 4% of current 

Anabaptists reside in Europe, the last European 
Amish settlement dissolved in 1937.) The values 
that link these groups are both religious and phil
osophical. Besides the religious practice of adult 
baptism, the Amish live by church doctrine called 
“the Ordnung” (224, 225). These groups value 
forgiveness and pacifism (they are conscientious 
objectors relative to the military), separation of 
church and state, separation from the general 
society, agricultural/agrarian lifestyle, and hard 
work. Many Mennonite and Brethren groups 
moved to a “new order” many generations past, 
and live much closer to mainstream protestant 
religious traditions, clothing, and life styles. 
However, several branches of these groups, the 
Amish, some Mennonites, and Hutterites, 
adhere to their early beginnings (“old order”) and 
are centered in agriculture, practicing social, 

Figure 2.5 Old‐order Anabaptists, e.g., the Amish, are culturally and religiously attached to farming. 
They make minimal use of powered machines and technology. Animal traction is used in many communities 
and others use tractors with steel wheels. The nature of their work and equipment creates injury risks. 
Children are also at increased injury risk. (Source: Hutch Photography/Shutterstock.com.)
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 economic, and political separation from the 
 society around them. Collectively, these groups 
can be referred to as old‐order Anabaptists 
(OOAs). They aim to live a “non‐worldly” life 
style. They also practice a similar plain clothing 
dress. Although they speak and read English, in 
the home and their community they speak and 
read a German dialect (called Pennsylvania Dutch 
or German Dutch). As a method of cultural sepa
ration, Amish people refer generically to non‐
Amish as the “English”. OOA groups practice 
limited formal education (through the 8th grade).

The various Anabaptist groups that exist today 
were derived and separated by followers of differ
ent leaders. The Mennonites are originally fol
lowers of Menno Simons. The Amish, followers 
of Jakob Ammann, split from the Mennonites 
in 1693. The Hutterites (from 1528 in Austria) 
are originally followers of Jakob Hutter (226). 
The Brethren (from 1708 in Central Germany) 
are followers of Alexander Mack. As these groups 
were counter to state and religious doctrine at the 
time, they survived by fleeing from persecution, 
moving many times around Europe during the 
16th and 18th centuries. During the 19th cen
tury many Anabaptists immigrated to North 
America, and later Mennonites moved to South 
America, where they were able to benefit from 
greater religious freedom and more available 
farmland (227, 228).

Many other agrarian groups of this same time 
period split from the state church and practiced 
a communal social structure of living (some 500 
of these groups existed in the United States in 
the past, most not associated with the Anabaptist 
groups discussed here). Most of these groups no 
longer function as a communal society. For 
example, the Amana Colonies in Iowa is now a 
private farm and multiple business corporation 
owned by family members of the original colony 
members. The Hutterites (an Anabaptist group) 
still practice a communal form of life and are 
growing in number in North and South Dakota, 
Montana, and Wyoming in the United States, 
and the Prairie Provinces of Canada. Nearly 
all  of the research about Anabaptists has 
been  reported on the more traditional, OOA 

communities, such as  the Amish and old‐order 
Mennonites. Consequently, the discussions of 
this text will be centered on these groups, who 
define themselves partially by their value for 
being “non‐worldly” and their selective use of 
technology (seen as a threat to their value of hard 
work). These groups primarily practice farming 
(with some allowance for such other basic sup
porting occupations as carpentry, horse breeding 
and training, etc.). They practice limited use of 
modern conveniences in the home. They do not 
use electric power in the home or farm, although 
some use gasoline‐powered electric generators 
for limited farm power. They continue to use 
animal labor for transportation or field work. 
However, there is variance among groups, with 
some using cars and some using tractors with 
steel wheels. Most travel is accomplished by 
horse and buggy, but trips to town are infrequent 
since many of these communities are nearly 
self‐sufficient.

The Amish are the largest of the OOA groups, 
with 448 settlements in 29 states and more than 
226,000 individuals living in the United States 
and the Province of Ontario, Canada (224, 229). 
OOA Mennonites live in 10 different Midwest 
and Eastern states and Ontario, with 40,000 total 
members (224, 230). Most reside in the central 
United States, with the highest populations in 
Ohio, Pennsylvania, Missouri, Northern Indiana, 
and Iowa (231). The Amish in North America 
have been growing about 6% per year. Scholars of 
the Amish predict a doubling of their population 
in the next two decades (232). The last Amish 
settlement in Europe dissolved in 1937.

Approximately 38,000 Hutterites live in 425 
different communal colonies of about 90 mem
bers each in Minnesota, North and South Dakota, 
Montana, Wyoming, and the Prairie Provinces of 
Canada. Maps of the locations of these groups in 
North America are seen in Figure 2.6 (233).

Approximately 6000 of the some 190,000 
Brethren in North America are considered old 
order or old German Baptist Brethren. They have 
a similar life style to the OOA Amish and OOA 
Mennonites and live primarily in the Eastern 
United States.



Figure 2.6 These three maps depict the locations of Old‐order Anabaptist congregations in North 
America and include Amish, Old‐order Mennonites, and Hutterites in 2012. All three maps are reprinted with 
permission from Cory Anderson and Joseph Donnermeyer, published in Anderson, C. and Donnermeyer, 
J. (2013). Where Are the Plain Anabaptists? Journal of Amish and Plain Anabaptist Studies 1(1): 1–25.

Old Order Mennonites: U.S. & Canada 2012

Projection: North America Lambert Conformal Conic

Amish: U.S. & Canada 2012

Projection: North America Lambert Conformal Conic
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2.6.1 Work Exposures/Risks
Although Hutterite communal farms are large 
and conduct modern farming practices, other 
OOA farms are generally small (e.g.,80–200 
acres) and fit well into and participate with the 
expanding local market food production trend. 
Farming is central to the way of life for OOA 
communities. Farm, family, and culture are 
anchored to the Church, where everyone works 
in cooperation as a community. The community 
act of farming pulls members together, and it is 
on the farm where families work, play, and wor
ship (234, 235). An unwritten agreement among 
groups such as the Amish seems to require a liv
ing to be made from farming, rural, or semi‐rural 
occupations (235). Agricultural production is 
reminiscent of practices 80–90 years ago among 
all family farms. Work exposures and health and 
safety risks are similar to non‐Anabaptist family 

farming in the United States in the 1930s and 
1940s. Most groups shun modern technology, 
except when it is required by state health laws, 
such as in the pasteurization and refrigeration of 
milk (236). Although they only have formal 8th 
grade education, these farmers have developed 
their own technology or modified technology 
that is consistent with their traditional ways. For 
example, they will use electrical generators in 
barns for feed grinding and cooling milk for bulk 
storage, put steel wheels on tractors (taking the 
rubber off wheels), and use horses to pull modi
fied modern machinery (e.g., they might put 
a  gasoline engine on a hay baler so it can run 
with  independent power but still be pulled by 
horses; see Figure  2.5). In short, older and/or 
modified or homemade machines are typically used. 
This equipment often lacks the more faultless 
functioning and safety features of newer equip
ment and therefore may be more hazardous. As a 

Hutterites*: U.S. & Canada 2012

Projection: North America Lambert Conformal Conic*Lehrerleut, Dariusleut, Schmiedeleut (group 2), Schmiedeleut (group 1), Elmendorf

Figure 2.6 (Continued)



78 Agricultural Medicine

result, injury from this alternative farming style is 
a major concern (236). OOAs believe in sparing 
use of agricultural chemicals, preferring to farm 
and live as naturally as possible.

Collecting injury statistics from OOA com
munities is difficult because they live incon
spicuously, not voluntarily reporting problems 
or inviting outsiders to collect information 
from them (232, 237). However, a study of 
Amish health records by Jones and Field (223) 
revealed 39% of Amish farm‐related fatalities 
were due to being run over by a vehicle. The 
second most prevalent source of injury was 
direct animal injury. Only 11% of Amish farm
ing‐related fatalities involved agricultural trac
tors (compared to nearly 50% on non‐Amish 
farms) (223).

OOA children often begin participating in 
farm work at 5–6 years; several years younger 
than non‐OOA children (236). Since formal 
OOA schooling ends with 8th grade, by age 14 
boys are able to work full‐time on the farm and 
girls can work in the garden and in the home 
(224, 234). Amish families are large, with a typ
ical family of six or seven children. Large fami
lies increase the potential for unsupervised 
hazardous farm exposures to children. Older 
children often are the supervisors of their 
younger siblings (224). Unlike non‐Anabaptist 
groups (i.e., English, the term the OOA use) 
farm family mothers and fathers are much less 
likely to work off the farm. Furthermore, OOAs 
have their own schools in their communities, 
with their own school boards. Children have 
few extracurricular activities in their schools, 
and thus have more time available for farm 
work. Available statistics indicate that these chil
dren are even more at risk of injury than are 
children on “English” family farms (238). Amish 
children under age 16 accounted for 64% of 
occupational injuries in their community 
according to one study (223). Gilliam and col
leagues (224, 237) reported on 217 Amish 
youth injuries (14 fatal) in 18 states and Canada. 
The peak age for injuries was the 13–14 age 
group (mean age of 14), consistent with com
pletion of their formal schooling and increased 

availability for heavy farm work. Males (87%) 
were most commonly injured. The most com
mon injury source was falls (38%), often from 
the haymow through the hay hole to the floor 
below. Livestock and horse‐related injuries 
accounted for 13% of injuries (239), machinery 
for 21%, struck by or cut 9%, crushed or pinned 
7%, entanglement 5%, and run‐overs 7%. Run‐
overs were mainly by horse‐drawn buggies or 
farm equipment (224, 232).

Most fatal farm injuries occur in children 
under 9 years of age. Other surveys corroborate 
the trends and distribution of injury sources 
(223, 240). These can be a result of hazards such 
as children riding without proper restraints and 
children being unseen by operators. From the 
available research, we can conclude that danger of 
injury and death exists, especially for children, 
around vehicles and animals, and especially 
around animal‐drawn vehicles.

As OOAs use horse‐drawn vehicles for trans
portation, they share the road with motorized 
vehicles. Crashes between cars/trucks and horse‐
drawn buggies are a major hazard to the Amish 
(231). In the state of Ohio, over 20 crashes 
between motorized vehicles and buggies occur 
annually, resulting in severe property damage, 
injury, and death (241). The injuries from these 
crashes are usually severe, as the buggy offers little 
protection and the victims are often thrown out 
upon impact. To assist in prevention of road way 
crashes, the local or state governments in most 
OOA communities provide widened shoulders 
on the roads where possible, so buggies can get 
off the heavily traveled portion of the road. Crash 
prevention actions of the Amish involve lighting 
and marking of the buggy to increase visibility by 
motor vehicle drivers. Acceptance of these prac
tices varies among communities depending on 
local religious interpretations and the Bishops’ 
rulings relative to obtrusiveness and bright colors. 
At a minimum, a SMV sign must be attached on 
the rear of the buggy (a state law for all SMVs). 
Additional lighting and marking in some com
munities may include reflective tape, lanterns, 
and sometimes strobe lights to increase visibility 
to motorists (242).
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2.6.2  Effects and Special 
Considerations for Treatment of 
Injuries

OOA religious and cultural beliefs may have both 
positive and negative effects on their health. The 
belief in “worldly separation” puts mainstream 
health care in the category of secondary consid
eration relative to folk and traditional healing. 
The common belief in predetermination or 
“God’s will” and a delayed gratification in the 
afterlife creates a restrained use of modern medi
cal technology and preventive measures (243). 
Most often, when injuries are mild, such as strains 
and minor trauma, OOA groups rely on their 
own traditional self‐medicine. Amish women tra
ditionally are the unofficial, untrained “health 
aides” in the community. The forms of this tradi
tional healing style most often reported are 
 dietary interventions, nutrition programs, and 
herb therapies. Their national newspaper publi
cations (e.g. The Budget, The Diary) often con
tain traditional folk remedies. These traditional 
therapies may have adverse effects, especially for 
pregnant women and the elderly. When OOAs 
seek outside care, they generally first seek non‐
mainstream medicine, more “natural healing”, 
for example chiropractic, naturopathy, and other 
complementary and alternative medicine. In one 
report (244), 36% of 66 Amish women used at 
least one form of complementary or alternative 
medicine in the past year.

Wenger (245) reported in one Ohio commu
nity on the minimal use of immunizations. He 
reported that all children in 68% of Amish fami
lies had at least one immunization, but 16% of 
families had no children vaccinated. The reasons 
given for not immunizing children included fear 
of adverse reactions and taking away the trust in 
God. The lack of immunization in mothers has 
resulted in a few reported cases of tetanus in new
borns from infected umbilical stumps following 
home birthing. Lack of immunization in children 
has also put them at risk of tetanus, measles, and 
pertussis (246).

The remarkably strong religious beliefs of 
OOA groups ground them in the value of faith 

and prayer in healing. The majority in a study by 
Gerdner et al. (247) reported that faith has a 
major role in curing and healing in their lives. 
They also hold in a life after death and that “the 
best is yet to come.” This idea, in some instances, 
may keep them from readily seeking advanced 
health care (223, 248).

However, Amish do use modern allopathic 
healthcare services, but conservatively. They use it 
when they perceive it necessary, but often late in 
the course of disease after other more “natural 
methods” have failed. “Unnatural” or heroic 
interventions for a health condition may some
times be unwanted (249). They typically do not 
seek out the full course of recommended immu
nizations, although this varies among the differ
ent groups and between individuals (250).

Recently there has been a trend in some com
munities of increasing use of modern allopathic 
services (243). This is true especially for preg
nancy healthcare services, although home births 
are still preferred (251). One creative service in 
Ohio (the Amish birthing center) has provided 
excellent value in the community with its service 
blend of Amish cultural values with modern 
obstetrical standards (252). Health services for 
OOAs generally are best adopted if they balance 
quality health care with the Amish values of sim
plicity, low cost, closeness to community, accom
modation to use of horse and buggy, and agrarian 
life style (253). In communities where Amish are 
employed in off‐farm work, there has been a 
trend of the “English” employers providing 
health insurance. There has also been a minor 
trend in the development and use of major medi
cal insurance plans administered by businessmen 
within Anabaptist churches. Examples of these 
plans are called Amish Aid or Mennonite Aid 
(243, 254).

Healthcare providers who serve OOA groups 
need to strive to understand, accept, and respect 
the OOA culture and beliefs, rather than judge. 
Failing to do so will serve only to engender mis
trust and reluctance to use modern allopathic 
health services.

Regarding health emergencies, lack of tele
phones (although some communities allow cell 
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phones if not carried and kept out of the house) 
can delay outside healthcare assistance in emer
gencies (255).

General Health of OOA Communities

OOAs have lower rates of cancer fatalities com
pared to the general population (256). They also 
have at least 30% less cancer screening in com
parison to a non‐Amish rural community. When 
queried why they use less cancer screening, the 
main reason given is they do not think they need 
it (256). Generally, the OOA are more positive 
about their health in that they do not worry 
about it, putting their faith in God rather than 
the healthcare system. As they still typically do 
not carry health insurance, they usually pay for 
healthcare services. If there is a large medical 
expense (cancer, major surgery, etc.), the collec
tive community will often pay the bill for the 
individual. Mentioned previously most OOA 
community members lack immediate access to 
telephones, which can result in delayed access to 
emergency healthcare services (255).

The strong family and community social sup
port system of the Amish assists family health 
maintenance (257). High levels of social self‐care 
in the Amish communities include feelings of 
hope, satisfaction, and control in a tightly knit, 
nearly self‐sufficient culture. All of the social sup
port within the community greatly diminishes 
the need to seek outside health care (258).

2.6.3 Other General Health Concerns
Genetic disorders: Some Anabaptist populations 
have been relatively closed over time (259), creat
ing concern for specific genetic illnesses in some 
communities (228). Infantile refsum disease 
(260) is an autosomal recessive genetic disorder 
that is more common in the OOA Amish popula
tions. Refsum disease is one of a group of leukod
ystrophy diseases that affects the myelin sheath 
covering of nerve fibers in the brain. The condi
tion results in varying degrees of impaired vision, 
hearing loss, delayed development, and neuro
motor deficiencies. A yellow to orange stain of 

the teeth is common among affected females. 
Other inherited metabolic diseases seen in the 
Anabaptist population include maple syrup urine 
disease (inability to metabolize certain amino 
acids, resulting in acidosis and mental retarda
tion) and glutamic aciduria type 1 (inability to 
metabolize lysine and tryptophan). Either can 
result in central neurological dysfunction and 
abnormal muscle control (254).

A positive observation that could have a 
genetic basis is that children of Hutterites in 
Saskatchewan, Canada are observed to experience 
less asthma (2.4% vs 9.2% in a neighbor com
parison group) (261). However, this could be 
related more to exposure to the farm environ
ment and its allergens at an early age of life (see 
the hygiene hypothesis in the youth section of 
this chapter and Chapter 3).

In spite of the perception that genetic disor
ders may be a common problem in OOA groups, 
overall genetic disease prevalence among these 
populations is relatively low and clustered in only 
a few families.

Lifestyle and Wellness: General lifestyle pro
motes good health in most OOA communities. 
Smoking, alcohol consumption, and other sub
stance abuse is extremely low. However, one Ohio 
study reported 7% of Amish men were current 
smokers, and 10% were smokeless tobacco users. 
This compares, respectively, to 13% and 26% in 
a non‐Anabaptist rural comparison group, and 
26% and 7% in the general US population (262).

Teenage Amish substance use is minimal until 
the potential usage during “rumspringa”, which is 
a time for children to experience life outside the 
Amish community. This occurs around the age of 
16–18. Following that period, the youths either 
choose to come back into the community and be 
baptized, or leave the community. Cates (263) 
followed a group of children of this age and que
ried them on their expectations of using sub
stances. Most revealed they would probably try 
tobacco and alcohol but not marijuana or other 
drugs. Actual usage and persistent usage of sub
stances following rumspringa was not reported.

OOA traditional diets are low in simple sugars 
but high in protein, fat, and complex carbohydrates. 
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It is apparent that their total caloric intake is high 
relative to their caloric expenditures with increas
ing simple sugars. However, obesity remains less 
common in OOA groups relative to the general 
population, but the relative low level of obesity in 
many OOA communities is not shared among all 
groups. Those people highly engaged in farming, 
particularly those still using horses for power, 
expend more energy per capita than those living in 
communities that use tractors or have become less 
agrarian as urbanization has invaded around them 
(e.g. northern Ohio, eastern Pennsylvania, and 
areas of Ontario). In an Ontario (Canada) Amish 
community, percentages of those overweight (>25 
mean body mass index (BMI)) were 25% for men 
and 27% for women. This is nearly half the preva
lence of overweight persons (BMI >25) in the gen
eral population of North America (51% in Canada 
and 63% in the United States). Only 4% of this 
Amish community was considered obese (>30 
mean BMI), compared to 35% and 23% of the 
general populations of the United States and 
Canada, respectively (264). This can be explained 
by the increased caloric expenditures of Amish 
(3100 kcal/day for men and 1850 kcal day for 
women) relative to the general population. Amish 
men and women took about 50% more steps per 
day than a comparison population, and about 
80% more than the recommended 10,000 steps 
per day for cardiovascular fitness (265). A more 
encompassing study of physical health (PCS 
SF‐12 survey) (266) in an OOA Mennonite com
munity in Ontario revealed a smaller healthy 
advantage. The PCS SF‐12 measures physical, 
social, and mental health with a combined score 
(A higher number indicates a higher health sta
tus). The OOA Mennonite farm group average 
score was 47.39, relative to a rural comparison 
group score of 49.24. This was a small, but signifi
cant difference (267).

Relative to physical health, the family/faith‐
based life style seems protective to the OOA. They 
tend to live in the present and not worry about 
future health and life circumstances, trusting in 
their faith. An example is a situation in Ontario 
where there was a high level of non‐Anabaptist citi
zen concern about community health risks because 

of polluted rivers in the area. However, interviews 
of OOA women in the  community revealed them 
unconcerned for their families’ health about this 
issue (268). OOAs experience seasonal mood 
changes, 75% reporting the lightest mood in 
month of May and only 25% reporting a dark 
mood. These percentages were generally reversed 
in the months of January and February (269). 
These findings were consistent with general 
Caucasians living in a comparable latitude.

As the general life style is family oriented and 
social in nature, a great deal of the elderly care is 
conducted by the family and is often mentally 
healthy for the elderly (270).

2.6.4  Recommendations for 
Prevention

Safety and healthy practices for OOA groups 
must be developed and implemented in harmony 
with their culture, for example research is needed 
to develop effective, culturally sensitive ways to 
signal to roadway vehicular traffic approaching 
slow‐moving horse drawn buggies. Installing mir
rors on buggies has been suggested (but may not 
be culturally acceptable in some groups). Further 
expansion of roads with wide shoulders for use by 
buggies is needed in many areas (241).

The major perceived health and safety prob
lems on OOA farms are in children. As previ
ously mentioned, 68% of the injuries occur in 
young people. Important research and interven
tions with safety and health education programs 
and delivery methods have been conducted by 
the Ohio State University and Elizabethtown 
College in Pennsylvania among others. The 
overarching message in the research and practice 
of interventions in OOA communities is to 
understand, respect, and practice within the 
framework of OOA cultural norms. There are 
general components of the culture across com
munities, but each community has differences, 
and it is important to understand and work 
within the local cultures. The following points 
consolidate and summarize recommendations 
on  preventive interventions (mainly for youths) 
from four different scholarly and safety specialists 
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who  have had extensive experience in working 
with OOA communities (224, 232, 235, 237, 
271, 272).

1. Prevention programs must be adopted and 
governed by the community and approved by 
the community leaders and the Bishop, and 
aimed at the most common hazards as per
ceived by the Amish.

2. Non‐Anabaptist “outsiders,” e.g., extension, 
public health and other government organiza
tions, can work with the OOA communities 
best by providing resources and programming, 
but allowing the community to lead.

3. Establish a relationship and trust with the 
community by face‐to‐face communication. It 
may take several meetings to gain the trust 
and  acceptance to be able to work with the 
community.

4. Utilize (or help develop) a safety committee 
within the OOA community (several OOA 
communities have safety committees) and 
work with them as the lead to develop and 
deliver their own program. Experience has 
shown greater success of gaining a receptive 
audience and focus on hazards from the Amish 
perspective through work with the safety 
committee.

5. Programs must be developed with cultural 
sensitivity and relevancy and by a facilitator 
that has credibility within the Amish commu
nity. This may be a church leader or leader of 
the safety committee.

6. Work with the safety committee to find 
acceptable and effective lighting and marking 
for greater visibility of buggies and other horse 
drawn equipment on roads.

7. Work with the community/safety committee 
to develop OOA culturally and age‐appropriate 
tasks, which will likely differ from the North 
American Guidelines for Children’s Agricul
tural Tasks (see the section on youth earlier in 
this chapter).

8. Work with the community/safety committee to 
develop/adopt a culturally and age‐appropriate 
hazardous occupational order for agriculture 
task list (i.e., analogous to the DOL Child 

Labor Laws, a list of tasks a child should not 
do until reaching an appropriate age).

9. Work with the safety committee to address 
the safety issues that they think are most 
important. (Safety committees in some areas 
have identified hazards that most safety spe
cialists would not think of, e.g., string 
mower/trimmers, feed carts, pony carts, hay 
hole guarding).

10. Use resources within the community, not 
free government materials. This is due to 
OOA belief in separation of church and 
state; they prefer to not use government 
support.

11. For materials developed and or delivered on 
the outside (e.g., extension), do not use high 
color or technology as this will go against their 
non‐worldly perspective. Use examples and 
pictures that are OOA relevant (Amish farm 
sites, machines, etc., but not photographs of 
Amish people, as photographing of Amish 
people is against their religious culture).

12. Time training in February–March and June 
before high farm risk periods.

13. Training for youths should focus on the age 
group at greatest risk (under 9 and 14–15 
years).

14. Aim youth training at parents to include:
a. The importance of parents as critical role 

models and child supervision, and aides to 
manage their tasks such as:
•	 identifying safe and secure play areas for 

young children
•	 identifying common sources of injuries 

and illnesses
•	 holding a farm safety walkabout to 

guide families to identify and remove 
hazards they find, e.g., safe chemical 
storage, fencing around ponds and 
manure lagoons

•	 first aid and cardio‐pulmonary resusci
tation training

•	 identifying the causes and effects of 
genetic disorders

•	 identifying the potential adverse effects 
of traditional therapies (It is important 
that health professionals understand the 
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cultural roots that affect the health 
behavior of Anabaptist groups in order 
to establish effective health promotion 
(273). Conversely, Anabaptist groups 
need to seek out and be informed of 
healthcare providers in the community 
who understand and accept their beliefs 
and will work to provide therapy within 
their belief system.)

15. Involve and provide materials to the 
school  board and teachers to encourage 
and assist teachers to include safety in their 
programming.

16. Use local input such as fire and sheriff 
departments, teachers, and State Extension 
agents.

17. Use active learning techniques, demonstra
tions, and hands‐on exercises.

18. Facilitate publication of messages and loca
tions of resources and ideas about safety in 
OOA national newspaper publications (e.g., 
The Budget, The Diary, Die Botschaft).

In summary, OOA groups are a longstanding 
and important component of the farming popula
tion in North and South America. Their culture 
creates increased risk for injuries and illnesses, 
especially for their youths. Furthermore, their 
 culture and social structure create barriers for non‐
Anabaptists who would intervene to help prevent 
farm injuries and illnesses. Understanding, respect
ing, and working within their cultural and social 
framework is essential for effective interventions.

Key Points

1. Special risk populations in agriculture 
include diverse minority groups that experi
ence distinctive occupational hazards that 
require tailored approaches for effective 
clinical and preventive interventions. 
Characteristics and attributes placing them 
at special risk include one or more of the 
following: age, gender, ethnicity, socioeco
nomic status, race, culture, religious beliefs. 
Although there are numerous special‐risk 
populations among the developed coun
tries, the ones chosen here include several in 
common with most countries (women, 
children, the elderly, and migrant and sea
sonal farm workers) and one mainly limited 
to North America (old‐order Anabaptists).

2. Women have had an expanding role in pro
duction agriculture over the past few dec
ades and now make up nearly 50% of the 
population involved in production agricul
ture in one or more of several roles, includ
ing principal operator, co‐operator, unpaid 
family labor, hired labor, and State Extension 
advisors, educators, or researchers.

3. Although large animals are a major source 
of acute injuries to women, tractors (as 

with men, youths, and the elderly) are the 
major machine‐related source of severe or 
fatal injuries.

4. Pregnant women are at risk of abortion 
resulting from exposure to hormones used 
in livestock production (oxytocin, prosta
glandins), carbon monoxide from fossil‐
fuel burning heaters or internal combustion 
engines, high nitrate concentrations in 
drinking water, or zoonotic infections 
(brucellosis, Q fever, listeria, Leptospirosis).

5. Youths exposed to farm hazards include 
children of farm parents who live, play, 
and work on the farm. Additional 
exposed youths include relatives, friends, 
or visitors who attend activities such as 
agritourism or community‐supported 
agriculture.

6. Recent research suggests that enhancing 
youth safety on farms to a higher level may 
require a paradigm shift from focusing on 
awareness‐level education of children to 
enabling parents to become better supervi
sors, and to model/mentor prevention to 
their children as an important component 
of an apprenticeship.

7. Farmers typically work well beyond the 
usual retirement age. Age‐related physical 
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Chapter

3

3.1  Introduction and Overview

Respiratory diseases are perhaps the most impor
tant occupational health hazard among farmers 
and agricultural workers when considering their 
combined high frequency and risk of functional 
impairment (1). Knowledge of agricultural expo
sures resulting in occupational respiratory disease 
is important for the purposes of diagnosis, con
trol, prevention, and workers’ compensation 
issues. Because repeated attacks of acute illness 
and chronic impairment can be best controlled 
through mitigating the source of exposure, dis
covering the source(s) is a critical step in second
ary as well as primary prevention. The emphasis 
on prevention in this book explains the inclusion 
of agricultural processes and structures as expo
sure sources. Assessment of (measurement) of 
 respiratory exposures, and selection and use of 
respiratory personal protection equipment (com
ponents of a generic prevention program) are 
introduced in this chapter and detailed in 
Chapter 15.

3.1.1  Introduction to Respiratory 
Hazards in Agriculture

Perhaps more than any other occupational group, 
agricultural workers are exposed to an extensive 
array of agents potentially harmful to their 

 respiratory system. Depending on the type of 
 agricultural operation, workers are likely to inhale 
dusts on a daily basis that originate from soil, 
 animals, animal feeds, their wastes, plants, prod
ucts of decay or fermentation of stored plant 
materials, applied pesticides and fertilizers, their 
residues, and exhaust fumes from operation of 
farm machinery. Table  3.1 summarizes some of 
the primary substances and sources of hazardous 
aerosol exposures in agriculture that may lead to 
respiratory disease (2–11).

A principal objective of this chapter is to 
facilitate the reader to grasp a foundational 
understanding of the agricultural processes and 
variables in exposures to enhance their abilities 
to ascertain an accurate occupational history 
leading to accurate recognition, diagnosis, treat
ment, and prevention. Farmers, their families, 
and workers are potentially exposed to a 
 combination of hazardous inhalable substances 
when performing various farm tasks. Although 
 agricultural dusts are ubiquitous exposures in 
agriculture, the sources and constituents of the 
dust may vary among regional types of agri
culture. Fundamental  toxicological principles 
 relative to injury risk include exposures to high 
concentrations of the offending substances and 
greater length of  exposure time. We will describe 
chronic low‐level concentrations  (CLLC) and 
periodic acute  massive and moldy (PAMM) 
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exposures, and the resultant health outcomes of 
each. Examples of chronic low‐level exposure 
include working in livestock or poultry (12, 13) 
confinement structures, mixing feed, feeding 
animals, and working in grain‐handling facili
ties. Examples of PAMM exposures are breaking 
open bales of spoiled hay, cleaning moldy grain 
from storage structures, and opening  (uncapping) 
non‐airtight silos. Additional to agricultural 
dusts, gaseous or mist exposures include apply
ing pesticides or anhydrous ammonia fertilizer, 
working near or in manure storage structures, 
and working in a newly filled non‐airtight silo. 
Respiratory infectious hazards can occur work
ing with infected animals, working in their 
housing, or working with contaminated soils.

Airborne exposure to any substance is likely to 
be more intense, and its effects more damaging, if 
it occurs within an enclosed structure (because of 
its increased concentration). Seasonal changes are 
important variables, for example exposures in 
livestock structures are more concentrated in cold 
weather as the buildings are tightly closed to con
serve heat. Some hazardous exposures occur only 
during specific seasons (e.g., silo filler’s disease 
occurs in late summer or early fall). Silo unload
er’s disease (a type of organic dust toxic syndrome, 
discussed later in this chapter) most commonly 
occurs in the period from fall through early spring 
(some time after filling and other fodder sources 
have been depleted).

It is important to recognize that many hazard
ous exposures discussed in this chapter extend to 
family and workers and beyond the farm or ranch 
gate to the general rural community members 
and to other agricultural support businesses, such 
as grain elevator workers, animal slaughterhouse 
workers, truckers, professional pesticide applica
tors, and veterinarians. As an example of the 
breadth of potentially exposed persons to agricul
tural respiratory hazards, consider the production 
cycle of grain. From harvest to end use, all those 
who handle the grain may be exposed to the dust 
generated from it. Grain dust exposure starts with 
farmers and farm workers, who grow, harvest, 
sometimes store, and transport grain to local 
commercial storage (elevator) and feed mill facili

ties. Grain transport workers (truck, rail, barge, 
ocean going vessel) are also exposed as well as 
grain‐processing plant workers. The latter include 
those who work in processing wheat to flour and 
grain to alcohol, sweeteners, and breakfast cereal. 
Bakers and food handlers are also exposed to 
grain dusts (14, 15) and suffer from respiratory 
responses similar to those of exposed farmers. 
Furthermore, residents in the vicinity of grain 
operations may also be exposed, as evidenced by 
a few community outbreaks downwind from 
grain‐handling and storage facilities (16). As the 
respiratory system has a limited number of 
responses to inhaled substances all the people 
mentioned above have in common the same 
potential symptoms and disease outcomes from 
these exposures. The particular responses are 
modulated by the concentration, length of time 
exposed, type of inhaled matter, particle size, and 
biological variation among individuals. Details of 
the respiratory system pathological responses to 
inhaled substances are provided later in this 
chapter.

Agricultural dusts are one of the most ubiqui
tous and important hazardous exposures in agri
culture. The great majority of agricultural dusts 
are organic (from a living source) particles. 
(Henceforth, in this book we consider agricul
tural dusts as organic dusts.) However, inorganic 
mineral particles from soils are also common 
exposures. Most of these exposures are considered 
nuisance dusts (of low biological activity, and 
thus low hazard), but some soils may contain haz
ardous minerals (silica and asbestos) that have 
known biological activity. Asbestos has been 
found in field dust in some farming regions in 
Canada and Finland. Health hazards for farmers 
in these regions have not been quantified. Silica 
particles have been found in some dry climate 
areas (Central Valley) in California. Some subsets 
of workers in this region may experience chronic 
bronchitis and pneumoconiosis from these expo
sures (17).

Agricultural organic dusts are present globally 
in most farming regions. They are biologically 
active, causing irritation, inflammation, allergies, 
toxicity, infections, or some combination of these 
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conditions. Responses may be acute or chronic, 
resolving completely or resulting in permanent 
impairment and disability, but rarely ending in 
acute death. Agricultural dust particles are rela
tively large compared to inorganic dust (mass 
median diameter approximately 10 microns) (18) 
and are inhalable, being deposited primarily in 
the airways rather than the lung tissue proper. 
Therefore, the most common respiratory condi
tions among farmers are airways conditions, not 
diseases of lung parenchyma per say. Agricultural 
dusts contain inflammatory substances and com
ponents of microbial origin (e.g., endotoxin and 
glucans). Unlike most industrial dust exposures 
where there are usually just single agents and they 
are well characterized (e.g., dust of silica, asbestos, 
coal) agricultural dusts are complex, with multiple 
agents that are often not well defined. The dust 
components and concentrations vary with the 
season, type of farming operation, geographical 
regions, and type of task being performed. 
Furthermore, a gaseous component may accom
pany the agricultural dust exposure (mixed expo
sure), which may result in a synergistic response, 
as has been shown with combined exposures to 
dust and ammonia in livestock buildings (19).

In addition to dust exposure, there are also 
gases, pesticides, fertilizers, and several infectious 
diseases common to animals and man (zoonoses) 
that can cause respiratory disease. Histoplasmosis, 
swine influenza, and ornithosis are just three of at 
least eight zoonoses affecting the respiratory 
tracts of agricultural workers.

3.1.2  Respiratory Responses to 
Inhaled Agricultural Substances

The respiratory system has a limited range of path
ologic responses, which results in a limited range of 
disease outcomes. Therefore (as will be described 
later in this chapter) there are only a few condi
tions that result from agricultural dust exposures. 
However, there is variability in an individual’s bio
logical response, which is also dependent in part 
on the particular physical and toxic properties of 
the inhaled dusts. For example variable qualities of 
the dust include its relative  irritant or  inflammatory 

qualities, antigenicity, size and shape of the parti
cles, location of deposition in the respiratory tract, 
concentration, and duration of exposure. Biological 
variables include the individual’s relative genetic 
susceptibility to endotoxin and immunologic sta
tus. Personal behavioral qualities include smok
ing history and occupational, recreational, or 
other environmental exposures off the farm. For 
all of these reasons, respiratory responses to dusts 
and gases in agricultural settings are complex. 
Nevertheless, research in recent years has docu
mented clusters of symptoms and specific condi
tions that clearly make up a well‐recognized group 
(complex) of agricultural occupational respiratory 
conditions (1, 7, 8, 20). Respiratory illness con
ditions resulting from agricultural dusts and gas 
exposures are listed in Table 3.2 and described in 
the following sections. Specific exposure circum
stances and resulting disease entities are outlined in 
Sections 3.2–3.8 of this chapter. Details of the 
diagnosis, treatment, and prevention of these 
 conditions are also explained in these sections.

3.2  Agricultural Structures and 
Respiratory Hazards

3.2.1 Introduction
As mentioned previously, agricultural respiratory 
problems are often associated with work in agri
cultural structures because the confined‐space 
environment results in concentrated exposures. 
The following section describes common agricul
tural structures associated with common respira
tory health problems. Table  3.3 presents a 
summary of various agricultural structures and 
resultant respiratory disease conditions associated 
with work within these structures.

3.2.2  Feed Grain, Silage, and Other 
Commodity‐storage Structures

Feed grain and silage storage structures are com
mon sources of hazardous concentrations of agri
cultural dusts. There are several types of these 
structures, each with a different exposure profile.
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Grain Bins

Grain bins (Figure 3.1) are used to dry and store 
shelled corn, oats, beans, rye, barley, wheat, sor
ghum, and other small grains. Typically, grain 
bins are cylindrical galvanized steel structures 
placed on cement slabs. Bins cannot be emptied 
completely by mechanical means. To empty the 

last several inches of grain, the grain must be 
hand shoveled or vacuumed. (Note: grain bin 
physical injury hazards and safety details are 
covered in Chapter 11.) During this operation, 
large quantities of aerosolized grain dusts, microor
ganisms, and their by‐products (primarily endo
toxin and glucans) may be inhaled, creating a 

Table 3.2 Agricultural respiratory conditions

1. Organic dust exposure associated respiratory conditions
a. Mucous membrane irritation (MMI)

•	 Sinusitis
•	 Rhinitis
•	 Pharyngitis
•	 Laryngitis
•	 Tracheitis

b. Bronchitis
•	 Acute/subacute bronchitis (symptoms of dry cough)
•	 Chronic bronchitis (cough with phlegm lasting at least 3 months for more than 2 years)

c. Non‐allergic asthma‐like condition (NALC, also called hyper‐responsive airways or reactive airways disease)
d. Monday morning disease (MMD)
e. Organic dust toxic syndrome (ODTS, also called mycotoxicosis, silo unloader’s disease or toxic alveolitis)
f. Allergic‐mediated illnesses

•	 Extrinsic asthma (atopic‐related disease)
•	 Allergic rhinitis
•	 Hypersensitivity pneumonitis (HP, also called farmer’s lung or extrinsic allergic alveolitis) may result in:

– acute HP (a delayed influenza‐like illness clinically similar to ODTS)
– chronic HP (interstitial fibrosis)

2. Conditions arising primarily from inhaled agricultural gases
a. Hydrogen sulfide

•	 Respiratory depression/respiratory arrest
•	 Pulmonary edema (acute or delayed)

b. Anhydrous ammonia
•	 Laryngeal edema
•	 Pharyngitis
•	 Tracheitis
•	 Bronchitis
•	 Pulmonary edema (acute)
•	 Bronchiectasis (delayed)

c. Silo gas (nitrogen oxides)
•	 Pharyngitis
•	 Tracheitis
•	 Bronchitis
•	 Pulmonary edema (acute or delayed)
•	 Bronchiolitis obliterans (delayed)

d. Fumigant pesticides
•	 Pharyngitis
•	 Tracheitis
•	 Bronchitis
•	 Pulmonary edema

e. Ingested paraquat
•	 Progressive malignant pulmonary fibrosis

3. Respiratory response conditions to infectious agents
a. Pneumonitis/pneumonia
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high risk for organic dust‐related respiratory 
 diseases (discussed later in this chapter). Grain 
truckers also may inhale these dusts while helping 
a farmer empty the bin or while leveling grain 
that is filling the truck (Figure 3.2). Prevention of 
dust exposure includes drying the grain down to 
at least 15% moisture prior to storage, aeration of 
grain as needed (humidity monitors can be inte
grated into the system to monitor moisture con
tent) while in storage, and bin maintenance to 
prevent water leakage and condensation. Grain 
vacuums may be used in place of shovels, and will 
help reduce, but not eliminate, dust exposures, 
therefore particulate (dust) respirators should be 
used during these tasks (see Chapter 15 for more 
detail on respirator selection and use).

Farmers and grain elevator employees often 
apply fumigants (a type of insecticide) to grains 
in long‐term storage to control the insects and 
vermin that degrade the grain. These highly toxic 
and irritant insecticides, if inhaled, can cause 

respiratory tract irritation, laryngeal edema, 
bronchospasm, pulmonary edema, respiratory 
de pression, and sudden death. The details of this 
hazard are covered in Section 3.6.

Grain Elevators and Feed Mills

Grain elevator and feed mill enterprises are com
monly found in grain and livestock production 
areas. Elevator operators either store grain for 
producers or purchase grain from producers 
(farmers) that they dry, store, grind for animal 
feed or transport and sell to larger terminals. 
Farms and ranches that raise or feed out large 
numbers of livestock may also have extensive 
grain‐handling facilities, including a system of 
grain dryers, storage bins, tanks, and hoppers for 
grain and feed similar to a commercial grain elevator, 
offering similar hazardous work exposures. 
Commercial grain elevators and mills in the 
northern United States and Canada often use 

Figure 3.1 Agricultural respiratory conditions often result from work inside agricultural structures 
where aerosols are concentrated, increasing hazardous exposures. Grain bins are a common confined space 
on many farms (Source: charles Brutlag/Shutterstock.com.)
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Figure 3.2 Grain is commonly transported locally and regionally by truck. The drivers of these vehicles 
are exposed to grain dusts, as well as the grain farm operators. (Source: VT750/Shutter stock.com.)

Figure 3.3 Grain elevators are regional businesses that store and market grain. Elevators in the 
northern U.S. and canada are often constructed of wood. Employees of these facilities are exposed to hazardous 
grain dust.
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wooden structures (Figure 3.3) or steel buildings 
and bins (Figure 3.4) for storage of bagged feed, 
seed, pesticides, and other products.

Since grain elevator and feed mill workers are 
exposed to grain dusts regularly over an extended 
time period, chronic as well as acute respiratory 
responses may result (see Section 3.3 in this chap
ter for details) (21, 22). High concentrations of 
dust are especially prominent whenever moving 
or grinding the grain.

Tower Silos

Rising 30–50 feet (9–15 meters) above the farm
stead (primarily dairy and beef cattle) are cylindri
cal structures for storage of silage or grain. There 
are two basic types of tower silos: (1) oxygen‐
limiting or airtight silos and (2) non‐airtight silos.

Oxygen‐limiting silos are made of porcelain fused 
to steel or concrete‐stave constructions sealed with 
an epoxy lining (see Figure 3.5). They can be tightly 
closed to limit the entrance of air. Air inside the silo 
is displaced by a large vinyl bag that collapses as 
the silo is filled. Plant materials placed in the silo 

 continue aerobic respiration using the residual 
 oxygen until a low‐oxygen, high‐carbon‐dioxide 
atmosphere develops, ceasing aerobic metabolic 
processes and preserving the stored product. Silage 
or high‐moisture corn is blown or augured into the 
silo at the top and removed from the bottom with 
an auger. Because these bottom unloaders often 
need repair, top unloaders are now available for 
conversion. Silage consists of the whole, chopped 
plant (usually corn, but may also be alfalfa, clover, 
mixed grasses and legumes, sorghum, oats, wheat, 
or milo)  harvested at a relatively high moisture con
tent compared to conventionally stored hay or 
grain. Silage is fed to ruminant animals, mainly to 
dairy and beef cows, although alfalfa haylage may 
also be fed to sheep. Corn silage is harvested during 
late summer or early fall and typically fed out in 
fall, winter or early spring (when pastures are 
depleted), but may be fed out all year long. High‐
moisture corn is fed to feeder cattle or swine and 
may be used year round.

This atmosphere is oxygen deficient and there 
is a high potential for asphyxiation for anyone 
who enters. As long as feed stuffs remain in the 

Figure 3.4 A common style of elevator in the U.S. These elevators are commonly constructed of steel 
and concrete. Worker exposure to grain dust is apparent in this photograph, and can be more concentrated 
in enclosed spaces. (Source: charles Brutlag/Shutterstock.com.)
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structure, airtight silos should not be entered 
under any circumstances, except by a trained 
repair technician properly equipped and experienced 
in the use of oxygen‐measuring devices, with self‐
contained breathing apparatus.

Non‐airtight (conventional) tower silos are con
structed of concrete slabs held together with steel 
staves. Older versions may be made of wood, 
brick, or metal. These silos are used to store the 
same kinds of silage as airtight silos, and occa
sionally are used to store grain (see Figure 3.5).

When freshly chopped plant material (silage) 
is placed in these silos, the metabolic processes of 
microbes in the plant material can result in the 
formation of oxides of nitrogen (NOx) from 
nitrates in the plant material. Anyone who enters 
a silo to level out silage when these gases are pre
sent may inhale enough silo gas to cause sudden 
death, acute or delayed pulmonary edema, or 
latent bronchiolitis obliterans, reactions com
monly called silo filler’s disease. The danger 
period extends for 2 weeks after filling. (Details of 
silo filler’s disease are given in Section 3.5.) After 

the silo is filled, a sheet of plastic is placed over 
the top and weighted down with an additional 
6–12 inches of silage, chains, or other weights. 
The purpose is to help preserve the silage under
neath. However, the top 5–10 inches of silage 
(regardless of whether plastic has been placed over 
the top) will spoil. This material must be dis
carded before the feed‐grade material underneath 
can be used. Manual unloading of this material 
leads to massive exposure to bioaerosols and the 
resultant organic dust respiratory diseases. 
Organic dust toxic syndrome (ODTS; also called 
silo unloader’s disease or mycotoxicosis) and 
hypersensitivity pneumonitis (farmer’s lung) have 
been associated with this exposure. Detailed 
descriptions of ODTS and other organic dust res
piratory conditions are given in Section 3.3.

Other Silage Storage Structures

Bunker or pit silos (Figure 3.6) and agricultural 
storage bags (Figure 3.7) are alternatives to tower 
silos. Bunker silos are variable‐sized three‐sided 

Figure 3.5 An oxygen‐limiting silo (black) and a non‐oxygen‐limiting silo (gray). These present dif-
ferent occupational exposures to farm workers. (Source: John Bilous/Shutterstock.com.)
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Figure 3.6 Bunker silos are an alternate form of silage storage that offer a decreased hazard to 
exposure to nitrogen oxides (silo gas). However, there are increase risks for physical injury from roll‐over 
of tractors driven on the silage to pack it down. Other hazards include risk from caving in of the silage wall 
during load out. (Source: Josien/Shtterstock.com.)

Figure 3.7 Agricultural plastic bags offer a convenient storage option, with reduced hazardous 
nitrogen oxides (NOx) exposure. However, the bags are expensive and there is a management and labor cost 
for  disposing or recycling the used bags (Source: Alistair Scott/Shutterstock.com.)
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bins (without a roof ) with concrete, wooden, or 
earthen walls of 10–15 feet (3–5 meters) high 
and 20–40 feet (6–12 meters) in side length. As 
bunkers and agricultural bags do not present 
enclosed spaces, the hazard of acute toxic respira
tory exposure to silo gas is minimal, compared to 
tower silos. However, it should be noted that 
spoilage may be increased with pit storage, lower
ing its feed quality. Furthermore, pit silos add the 
risk of falls from the silage, tractor overturns as 
they are used to drive over and pack the silage, 
and the silage wall collapsing on the person dur
ing load‐out tasks.

Agricultural storage bags are becoming popu
lar for silage, hay, and small grains. Agricultural 
storage bags are hermetically sealed (air and water 
tight), thus the stored material is usually in good 
condition, reducing microbial contamination 
and thus reducing worker exposure to agricul
tural dusts and nitrogen oxides (silo gas). 
Furthermore, the agricultural bags are usually 
outside, and do not present a confined space 
hazard.

3.2.3  Fruit and Root Storage 
Structures

In orchard and root‐crop growing regions special 
buildings are used for the storage of potatoes, 
apples, and bananas among other crops (see 
Figure  3.8). These structures are often large 
enough for a forklift truck, tractor and wagon, or 
large straight truck to enter. They present a low‐
oxygen atmosphere (3% or less) and a high‐car
bon‐dioxide asphyxiation or carbon monoxide 
intoxication hazard. Fumigant insecticides may 
occasionally be used in these facilities, presenting 
an additional toxic exposure.

3.2.4  Livestock and Poultry Housing 
and Processing Plants

Confined animal feeding operations (CAFOs) 
differ from conventional animal housing in that 
large numbers of animals are housed inside build
ings for most or all of their lives. The buildings 
include systems for ventilation (for control 
of  heat and humidity), watering the livestock, 

Figure 3.8 Potato and other fruit (e.g., apple) storage facilities may have high carbon dioxide con-
centrations to preserve the product, which may result in asphyxiation hazard to workers.
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 feeding the livestock, and handling animal wastes. 
Extensive management and maintenance are 
needed to insure all systems are working to create 
a healthy and safe environment for animals and 
workers. Tasks for workers include feeding, mon
itoring the animals, assisting in birthing, and vet
erinary treatments. As the ventilation system is 
designed only to control humidity and heat, envi
ronmental control of the dusts and gases gener
ated by the animals, their feed, and their wastes is 
often a health hazard, especially in cold weather 
as ventilation is reduced to conserve heat and 
energy. Thus, workers in confinement buildings, 
especially those housing swine or poultry, and to 
a lesser extent dairy, often experience acute and 
chronic respiratory reactions to the aerosolized 
dusts and gases. Organic dust diseases are 
described in Section 3.4.

Workers in swine‐ or poultry‐confinement 
buildings may be exposed to the swine or avian 
influenza viruses, which typically cause subclini
cal or mild transient illness in humans (see 
Section 3.7). However, certain strains of avian 
influenza can be severe in humans as over 100 
fatalities have been reported, mainly from 
South‐East Asian countries. Poultry‐confinement 
workers may also be exposed to Newcastle dis
ease virus, particularly when applying live atten
uated vaccines (often administered by aerosol or 
in the water). Veterinarians working with 
infected birds or performing a diagnostic post‐
mortem are at risk of exposure to ornithosis or 
avian influenza (23). Furthermore, carbon mon
oxide poisoning has been a hazard in confined 
livestock buildings arising from inadequate 
v entilation when using internal combustion 
engines to power high‐pressure washers or from 
malfunctioning fossil‐fuel heaters.

3.2.5 Sheep and Dairy Cattle Housing
Dairy barns and other conventional buildings 
sheltering cattle or sheep may be used to confine 
animals while they give birth. Farmers may assist 
with the birth or clean out bedding after a birth, 
and may come in contact with the rickettsia 
Coxiella burnetii which causes Q fever.

3.2.6 Conventional Chicken Coops
Conventional chicken coops are not used much 
today, having been largely replaced by large con
finement structures. However, the local and 
organic food movement and public concern for 
more humane housing for animals has renewed 
use of these facilities. Old unused poultry build
ings may harbor the fungus Histoplasma capsula-
tum, which grows in dried avian feces or soil 
contaminated by same. Inhalation of fungal 
spores released into the air when these houses are 
cleaned or torn down has caused histoplasmosis.

3.2.7  Poultry‐ and Meat‐Processing 
Plants

Workers in plants where turkeys are slaughtered 
and processed, especially workers eviscerating 
birds, may inhale the chlamydial organism that 
causes ornithosis (Chlamydia psittasi), an infec
tious disease ranging from influenza‐like infection 
to acute fulminating pneumonia. The risk is espe
cially high in those plants processing the breeding 
birds from range‐reared flocks as these birds are at 
higher risk of contracting ornithosis. Workers in 
cattle, sheep, and goat slaughterhouse operations 
could also contract Q fever from infected animals. 
Workers at poultry‐ or red‐meat‐processing plants 
could be exposed to ammonia as this is commonly 
used as the refrigerant in the cooling system. Leaks 
in the system have resulted in respiratory expo
sures for workers.

3.2.8  Equipment and Supply Buildings 
on Farms

Machine Shops, Garages, and Machine 
Sheds

Since farmers are occupied from spring through 
fall with the cycle of crop production, they use 
the winter season to do the bulk of their machin
ery repair and maintenance work. This usually 
means working inside closed garages, machin
ery shops, machine storage buildings, or any 
other available structure. Operating gasoline‐ or 
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d iesel‐fuel engines indoors can result in carbon 
monoxide poisoning when the buildings are 
closed to prevent heat loss and when heaters are 
not working properly. Adequate ventilation of 
buildings is necessary at all times. Welding is a 
task for which farm shops may not be safely ven
tilated. Welding galvanized steel (which contain 
zinc) produces zinc oxide fumes which, when 
inhaled, cause metal fume fever (24). Symptoms 
begin 4–12 hours following exposure (see 
Figure 3.9). The exposed person first notices a 
sweet or metallic taste in the mouth, followed by 
throat dryness or irritation. Later symptoms 
include cough and shortness of breath, general 
malaise, weakness, fatigue, and muscle and joint 
pains. Leukocyte count and serum lactate dehy
drogenase may be elevated. Fever and shaking 
chills then develop, followed by profuse sweat
ing. Resolution occurs in 24–48 hours. Inhaling 
fumes from welding steel can result in iron 
deposits in the lung, which usually do not result 
in a health hazard. Welding chrome can result in 
eye and upper respiratory irritation. Welding‐
related respiratory health risks can be mitigated 
through adequate ventilation, welding outdoors, 

and use of a dust and fume respirator (see 
Chapter 15 for respirator selection).

Barns

Barns are multipurpose farm structures. They 
may be used to store straw and hay, to mix or 
grind feed, as farm shops, or (especially in win
ter) to house livestock or milk cows. Although 
many farms now have specialized storage struc
tures for agricultural chemicals, many barns are 
used to store various potentially hazardous 
chemicals to clean milk lines, pesticides, and 
chemically treated seeds. Chemical dust residue 
from open or broken containers may be present. 
Respiratory or toxic exposures associated with 
any of these activities may therefore occur in 
barns as well as in other more specialized 
structures.

Dairy barns are the most common type of 
barn in use. Any activity associated with milking 
and caring for dairy cattle can be done in the 
typical multi‐storied dairy barn. Dust can be aer
osolized from the hay and grain often stored 
here and from animals housed and fed in the 

Figure 3.9 Welding is commonly practiced on many farms and may create a risk for metal fume fever, 
skin burns, and retinal inflammation.
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barn. If grain or hay has spoiled, shoveling the 
grain or breaking open moldy bales releases 
clouds of dust containing bacteria, fungal spores, 
endotoxin, glucans, and possibly mycotoxins, 
producing respiratory exposures (3). (Mycotoxins 
are substances produced by various mold species 
with unknown human health effects from inhala
tion (25).) On the barn’s ground floor there may 
be cow stanchions or a milking parlor, free stalls, 
holding and sorting pens, an area with feeding 
bunks, box stalls for calving, calves, or other cow 
isolation, and areas for storing, mixing, and 
grinding feed. In some dairy operations, struc
tures inside or outside the main barn “free stalls” 
or “loafing sheds” are used where cattle can go to 
feed and be out of the elements. Bedding for the 
cattle may be blown into these areas with a bale 
shredder. This device takes a whole bale of straw, 
chops it up, and blows it into the stall area. If the 
straw of hay is in poor condition (high microbial 
growth) this task can create a massive organic 
dust aerosol and risk of acute or chronic organic 
dust respiratory disease for the operator. Saw dust 
or wood chips may also be used for bedding and 
may present respiratory hazards similar to hay or 
straw. Recycled gypsum wall board may also be 
used for bedding, but has been incriminated as a 
cause of excess hydrogen sulfide in manure stor
ages, resulting in several human toxic exposures. 
Sand may also be used for bedding and is free of 
any known respiratory hazards. A fume hazard in 
the milk house of a dairy can result when workers 
inadvertently mix a highly alkaline milk line 
cleaner with a chlorine solution. (The former is 
used to dissolve solids in the line, the chlorine is a 
disinfectant.) This mixture results in immediate 
production of chlorine gas (a highly irritant mate
rial), leading to upper airway and eye irritation.

The complex mixture of organic dusts inhaled 
during these activities can result in the complex 
organic dust diseases described in Section  3.3. 
Dust exposures are often mixed with fumes or 
infectious exposures as described above.

A number of infectious diseases could be 
transmitted to humans from animals housed in 
barns. If sheep or cattle give birth there, Q fever 
could be contracted while assisting in the birth or 
from contact with infected placentas, reproductive 

discharges, or contaminated bedding. Bovine 
tuberculosis (TB) was an important health hazard 
in past years, but it has been nearly eradicated in 
the developed world. Old barns where chickens 
or wild birds have roosted are ideal sites for pro
liferation of the fungus causing histoplasmosis.

Newer steel dairy buildings contain the same 
types of areas as older barns, but they are usually 
single‐storied buildings. Workers can experience 
the same respiratory responses listed previously in 
these newer buildings.

3.3 Agricultural Dusts

3.3.1 Introduction
Mentioned previously, dust in the work environ
ment is by far the most common respiratory 
 hazard for agricultural workers. Agricultural dusts 
are complex mixtures of organic materials (see 
Table 3.1), which vary somewhat as to the spe
cific source, but have in common biological by‐
products of microbial and plant contaminants 
that are irritants, or inflammatory or allergenic 
agents. Lipopolysaccharides, primarily endo
toxin, are generally considered the principal 
inflammatory agent among others that include 
glucans, tannins, proteases, and histamine 
(18,  26–28). Endotoxin is a structural compo
nents of the cell wall of Gram‐negative bacteria. 
Glucans are structural components of the cell 
wall of yeasts, fungi, and bran of cereal grains 
among other sources (29–31). Often agricultural 
dusts occur as mixed exposures with gases (such 
as hydrogen sulfide or ammonia) that may be 
additive or synergistic with dust in regard to 
health effects (19). It is important to note (often 
divergent from the general perception in the 
health professions) that agricultural dust expo
sure mainly cause inflammatory conditions of the 
airways and to a much lesser extent allergic con
ditions or diseases of the lung per se, therefore 
relatively large particles 5–10 microns in size 
(inhalable into the upper airways, but not respir
able into the lung tissue) are the cause of most 
agricultural dust‐related disease. Note this is 
much different from general outdoor urban particle 
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exposures from industrial sources where fine par
ticles (2.5 microns) are the primary agents of con
cern relative to lung diseases. This is an important 
concept to note as it provides directions for treat
ment, prognosis, and prevention of respiratory 
conditions in farmers. The following section will 
discuss the toxic mechanisms of agricultural dusts 
and the generic health conditions that result from 
exposure. Special risk factors and other variables 
that modify the health outcomes of exposures 
will also be discussed. Furthermore, clinical 
aspects, treatment, environmental assessment, 
and prevention will be discussed.

3.3.2  Mechanisms of Agricultural 
Dust Toxicity

The toxic mechanisms of aerosolized agricultural 
dusts are a combination of direct damage caused 
by inhaled materials and the subsequent second
ary “collateral injury” to the immune response of 
the exposed person to these substances (32). The 
direct damage to tissues comes from the extrinsic 
trauma induced by inhaled particles, gases, and 
other substances associated with the particles. 
Additional to the trauma to cell membranes, the 
cells of the airways use excess energy to remove the 
foreign material by producing mucous from gob
let cells to trap the particles, and activating cilia to 
transport the particles upward away from the 
lungs so they can be expectorated (32). Long‐term 
exposures may result in cell apoptosis and necrosis 
(33). Ammonia may accompany particles from 
livestock and poultry sources, both as a gas or 
adsorbed to the particles (19,  34). Either way, 
ammonia is an irritant that can cause additional 
damage to cell membranes. It can also penetrate 
the cell membrane and damage intracellular struc
tures, resulting in cell death (35). Hydrogen 
sulfide may also accompany dust from livestock 
buildings if there is liquid waste storage in the 
building. It can cause cell damage as an irritant or 
inhibit the respiratory mechanism of the cells 
(36, 37). Tannins and histamine are found in most 
plants. The former can denature proteins; the lat
ter can enhance the inflammatory process (26, 27). 
Beta glucans (usually 1,3‐beta‐D glucan), a c ommon 

component of agricultural dust, are found in 
cereal grains and fungal agents. They are direct 
irritants as well as potentiators of inflammation.

The second mechanism of toxicity is the col
lateral cellular damage resulting from the person’s 
immune system. The mammalian immune sys
tem is extremely complex. As this book is aimed 
at a multidiscipline audience, the complex mech
anisms involved have been abbreviated (3, 7, 32, 
38). The immune system can be divided into the 
innate and adaptive components. The innate sys
tem responds non‐specifically to external agents 
perceived as harmful, while the adaptive system 
responds to specific, mainly protein, materials 
(e.g., bacteria, pollen, etc.) to which there has 
been a prior exposure. The bulk of the adverse 
damage is a result of inflammation processes of 
the innate system (39), which is engaged as 
inhaled dust particles contact the cell surfaces of 
the airways or the alveoli of the lung tissue. 
Neutrophils (a type of white blood cell) are 
 initially recruited to the area to “attack” the per
ceived invaders. They release cytokines, which 
attract other white cells (mononuclear cells). 
These mononuclear cells have in their cell mem
branes “receptors” (e.g., toll‐like receptors (TLRs) 
among others) that allow the cell to identify for
eign, possibly hazardous, substances (especially 
bacterial‐associated substances like endotoxin, 
glucans, and allergens) to “turn on” the immune 
system, initiating a chain of reactions (comple
ment cascade) which results in the non‐specific 
inflammation process. TLR 2 and TLR 4 are the 
principal cell receptors, the “initiators and direc
tors” of the immune response with assistance 
from other receptors identified as nucleotide‐
binding oligomerizationdomains (NODs). The 
triggered inflammatory response results in 
recruitment of more white blood cells to the 
region, more chemical mediators released (e.g., 
tumor necrosis factor and TNF‐alpha) and result
ant inflammation and associated reddening, 
swelling, pain, and dysfunctional cells and tis
sues. If the exposure is acute and temporary, the 
inflammation will reside without lasting damage 
to the tissues. If the inflammation is chronic with 
long‐term exposure, the chemicals released and 
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reactive oxygen species generated by the process 
will result in severe cell and tissue stress, apopto
sis, necrosis, and possibly will be replaced by scar 
tissue over the long term (40).

3.3.3  Occupational Respiratory 
Diseases and Conditions Caused 
by Agricultural Dust Exposures

In 1985, an international conference was held in 
Skokloster, Sweden to seek consensus among 
 scientists on the respiratory health effect of 
organic dust exposure (8, 41). This process led to 
an unprecedented surge in research on the health 
effects of agricultural dust exposures over the fol
lowing three decades, recently reviewed by 
Rylander and Schilling (8). A major outcome of 
the Skokloster conferences was a consensus 
 definition of the cluster of symptoms, conditions, 
and terminology used to describe the health 
 outcomes of agricultural dust exposures. These 
conditions are generic, common with exposures 
to agricultural organic dusts whether it is cotton 
dust, grain dust, livestock dust, or any other plant 
and or animal source dust. The cluster of seven 
symptoms and conditions associated with 
 agricultural dust exposures are (see Table 3.2):

1. bronchitis (acute and chronic)
2. mucous membrane irritation
3. Monday morning disease
4. non‐allergic asthma‐like condition
5. allergic asthma (atopic individuals)
6. organic dust toxic syndrome
7. farmer’s lung.

Bronchitis is by far the most common of these 
agricultural dust conditions, affecting between 
15% and 25% of exposed persons (7,  42–45). 
The condition causes inflammation and cell 
damage to the major and minor bronchi of the 
airways. The goblet cells produce excess mucus so 
the cilia are damaged and rendered minimally or 
totally non‐functional. Symptoms include exces
sive coughing and sputum production. Continuance 
of these symptoms more than three months out 
of the year for over 2 years defines chronic bron
chitis. Chronic bronchitis can lead to chronic 

obstructive pulmonary disease (COPD), which is 
often associated with and/or increases the risk of 
emphysema.

Mucus membrane irritation (MMS) is nearly as 
common as bronchitis. It is an inflammatory 
condition of mucous membranes impacted by 
organic dust, and may include rhinitis, sinusitis, 
pharyngitis, and conjunctivitis. Sinusitis is often 
the most clinically significant condition, mani
fested as sinus headache, ears popping, with 
patient complaints of “a head cold that won’t 
go away”.

Monday Morning syndrome (MMS) is mani
fested by a cyclical pattern of symptoms in work
ers on a regular work schedule (e.g., 8‐hour work 
shift, 5 days per week). On return to work follow
ing a weekend off or vacation, workers feel ill, 
feverish, with headache, and muscle aches. 
Symptoms diminish over the week of work only 
to return again on, for example, Monday morn
ing. For workers in cotton gins and mills, this is a 
component of the condition called byssinosis (8). 
However, MMS can be seen in confinement live
stock workers, grain workers, and others with 
similar exposures and work cycles.

Non‐allergic asthma‐like condition (NAALC), 
also referred to as non‐allergic occupational 
asthma or reactive airways disease, is a type of 
asthma (a chronic airways disorder marked by 
recurring episodic bronchospasm causing airway 
obstruction). Differing from atopic asthma, 
NAALC is a non‐specific inflammatory‐mediated 
response to inhaled irritants in agricultural dusts. 
Symptoms include labored breathing, wheezing, 
coughing, and a sense of constriction in the chest. 
Symptoms appear with organic dust work expo
sure and dissipate over several hours following 
work. Reactive airways disease is a term for a 
similar condition, but it is usually related to 
 irritants other than agricultural dusts.

Allergic (atopic) asthma has the same symp
toms as NAALC but is caused by a specific 
 allergen (e.g., house mites, storage mites, dust, 
molds, animal dander etc). In this author’s expe
rience (KJD) allergic or atopic asthma is relatively 
rare among farmers, probably for two reasons: (1) 
atopic farmers would find it hard to stay in the 
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workforce (healthy worker effect) and (2) chil
dren exposed to farm environments at an early 
age are likely to be protected from atopic disease 
for life (the hygiene hypothesis) (46).

Organic dust toxic syndrome (ODTS) has also 
been called toxic alveolitis, silo unloader’s disease, 
mycotoxicosis, inhalation fever, and atypical farm
er’s lung (47–49). ODTS is a delayed‐onset influ
enza‐like condition, a non‐allergic inflammatory 
reaction of the airways and the alveoli with 
 systemic influenza‐like symptoms. It is due to 
periodic inhalation of high concentrations of 
organic dust and endotoxin exposure (50). ODTS 
is extremely common among farmers, with 30% 
having reported such cases and many reporting 
multiple episodes. Clinically, acute cases present 
very much like acute farmer’s lung disease, with 
cough, fever and chills, headache, fatigue, myal
gia, and anorexia occurring 4–6 hours following 
exposure to high concentrations of organic dusts 
with high microbe content. Severity varies from a 
mild, influenza‐like illness to profound illness 
with dyspnea, but rarely death (51,  52). The 
peripheral blood neutrophil count is elevated but 
there is no eosinophilia. Symptoms subside in 2–5 
days. Although the pathology may involve pri
marily the airways (bronchitis may result) there 
may be an accompanying alveolitis along with the 
generalized symptoms. In extensive exposures 
symptoms may persist, diminishing over several 
weeks, but permanent lung damage does not 
appear to occur. Subsequent exposures simply 
produce repeated episodes, often with more severe 
symptoms, with lower exposures. ODTS cases 
may occur simultaneously with acute farmer’s 
lung or may be the sensitizing incident for a pos
sible subsequent farmer’s lung case.

There are anecdotal reports of a chronic form 
of ODTS, which this author (KJD) has observed. 
This poorly documented condition is character
ized by chronic fatigue, a persistent pulmonary 
infiltrate, and elevated white blood cell count 
(mainly excess neutrophils) in workers with 
chronic agricultural dust exposures (such as live
stock confinement workers) (53).

ODTS may occur at any time of the year 
though some exposures may be more common in 

late summer through early spring during pro
cesses where vast amounts of respirable organic 
dust are released in an enclosed workspace. 
Typical work situations include silo uncapping 
and grain‐bin cleaning (Figure  3.10), both of 
which entail strenuous physical activity within an 
enclosed space.

Silo uncapping involves removing moldy 
silage from a conventional non‐airtight upright 
silo in preparation for mechanical unloading and 
feeding to cattle. The silage will have been stored 
for weeks or months in the silo beneath a “cap” of 
silage a foot or so in depth, atop a plastic sheet 
which covers the silage underneath. Low‐oxygen 
conditions beneath this cap impede fungal 
growth, but the exposed, upper silage layer 
becomes grossly contaminated with microorgan
isms. Before dispensing the silage for feeding, 
someone must climb into the silo, pitch off this 
molded silage cap, and lower the mechanical 
unloader into place. High concentrations of 
microorganisms and their by‐products can be 
inhaled during this task, possibly exacerbated by 
the greater respiratory load.

ODTS resulting from exposure to spoiled 
plant material has been recognized as a response 
distinctive from farmer’s lung only as recently as 
1984 (54, 55). It is far more common than farm
er’s lung or other illnesses associated with feed 
storage. A 5‐year prospective study of nearly 1000 
Iowa swine farmers revealed a self‐reported preva
lence rate of approximately 30% (10). In a study 
of New York dairy farmers, 14 of 26 feed‐related 
episodes of respiratory illness were identified as 
ODTS (48). Ten per cent of Finnish farmers are 
reported to have experienced symptoms indica
tive of ODTS.

Farmer’s lung (FL) is a different condition 
from ODTS in that it is a type of allergic condi
tion in the category of hypersensitivity pneumo
nitis (HP) that occurs among farmers (also called 
extrinsic allergic alveolits) (47, 52, 54, 56, 57). FL 
is uncommon (less than 5% of famers) compared 
to ODTS (30%). FL is a delayed allergic response 
at the alveolar level, with a variable systemic 
 presentation depending on host factors and spe
cific circumstances of exposure. Although several 
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alternative pathways to FL disease have been 
 proposed (58–60), the commonly accepted 
pathogenesis of FL is a multiple‐step process that 
includes, first, formation of IgG antibodies to 
inhaled antigens found in agricultural dusts 
(56, 61–65). The second step in the disease patho
genesis is that on a subsequent exposure, the anti
bodies attach to the specific invading antigens, 
forming antigen‐antibody complexes. The third 
step is that the antigen‐antibody complexes are 
recognized by macrophages as foreign and thus 
engulfed, initiating a type IV (delayed) immuno
logic response. Compared to ODTS, FL does 
include a specific allergic response but it differs 
from atopic asthma, which is a type I immediate 
allergic response.

FL is the specific HP that farmers in general 
experience from their work environment exposures 

(usually thermophilic bacteria, including actino
mycetes species, Micropolyspora faeni (renamed 
Saccharopolyspora rectivirgula), and Lichtheimia 
corymbifera). Other agricultural–related exposures 
have different names according to their specific 
occupational exposures (e.g., bagassosis (exposure 
to sugar‐cane wastes), mushroom worker’s lung, 
malt worker’s lung, cheese worker’s lung, and bird 
breeder’s lung). At least 15 other occupational 
HP conditions specific to agriculture have been 
recognized (e.g., wood worker’s lung, paint 
 finisher’s lung (isocyanate exposure), and paprika 
splitter’s lung).

The clinical appearance of FL can manifest in 
three forms: acute, subacute, and chronic (66). 
The acute FL response follows a highly concen
trated agricultural dust exposure, similar to that 
resulting in ODTS. Influenza symptoms nearly 

Figure 3.10 cleaning out a grain bin is one of the most common tasks associated with organic dust 
toxic syndrome.
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identical to ODTS are delayed 4–8 hours after 
exposure. Histologic appearances of lung tissue 
reveal granulomas with giant cells in the inter
stitium. Acute symptoms usually resolve in 48–72 
hours. Sub‐acute responses may follow recurrent, 
even low‐dose, exposures without acute systemic 
symptoms that stimulate further macrophage 
infiltration into the lung tissues. A silent patho
genesis may follow including macrophage trans
formation into fibrous tissue and a progressive 
interstitial fibrosis. Symptoms include gradual 
onset over several weeks of progressive cough and 
dyspnea with possible cyanosis. Chronic FL is 
marked by  several months’ progression of cough, 
exertional dyspnea, fatigue, and weight loss (66). 
Chronic FL may lead to a permanent irreversible 
interstitial fibrotic debilitating disease, noted by 
restrictive pulmonary function, impaired diffusion 
capacity, and possible emphysematous changes (67).

A lack of consistency exists in published epi
demiologic data in regard to the incidence and 
 prevalence of FL (68–71). Because the exposure 
history and symptoms of acute FL and ODTS 
may be nearly identical, many of the FL studies, 
particularly those prior to the mid‐1980s, prob
ably included many ODTS cases. The prevalence 
of FL in the United States has been considered to 
be below 5% of the farming population, for 
example 3.9% of one surveyed group of 
Wyoming farmers and dairy producers gave a 
history typical of FL. A population‐based pro
spective survey of over 1500 Wisconsin farmers 
that began in 1976 revealed a case prevalence 
rate of 4.2 per 1000 farmers (0.42%) (61). The 
1984 follow‐up study revealed a prevalence of 
clinical cases at 0.9%. Although the prevalence is 
quite low in the United States, it appears higher 
in Europe, according to surveys in England, 
Scotland, and Finland (72).

Serologic surveys have been used to estimate 
prevalence. Ten per cent of the Wisconsin farm 
cohort mentioned above had circulating antibodies 
to one or more FL‐associated antigens (71). 
However, it is clear that sero‐positivity to FL  antigens 
is poorly correlated to FL disease. Sero‐ positivity 
only indicates antigen exposure, not disease.

Risk factors for FL include work with barn‐
enclosed dairy cattle. In some populations (e.g., 
Finland), this task is often performed by women 
(72). Examples of dust‐disturbing activities 
attributable to HP disease include breaking open 
bales of hay for feed or bedding, generally in win
ter or spring of the North Temperate Zone. 
Tightly packed large round bales and wet harvest 
season are also risk factors (73).

The disease is extremely rare in children. Two 
cases in Denmark (ages 10 weeks and 3 years) led 
researchers to incriminate causal exposures to on‐
farm storage of grain and storage of overly moist 
grain in silos adjacent to the residence (74). A 
case in a 10‐year‐old boy was diagnosed in New 
York State.

Interestingly, it has been observed that there 
is an unexpected, significantly lower prevalence 
of M. faeni antibodies and lower disease preva
lence among tobacco smokers (75,  76). The 
 reason for this protective factor is thought to 
be  that smoking down‐regulates the cellular 
immune system (77).

3.3.4  Risk Variables for Agricultural 
Dust‐related Respiratory 
Diseases

Risk variables include exposure characteristics 
(concentration, content, and length of expo
sure) and the individual characteristics of the 
exposed person (age of first exposure, atopic 
status, genetic susceptibility, co‐morbidities) 
among others.

The hazardous potential of agricultural dusts 
largely depends on the extent of microbial con
tamination. Animal feed (hay, silage, and grain) 
that is put into storage with a high moisture con
tent favors the growth of bacteria and fungi. 
Whole grains should be put into storage of  non‐
airtight structures at 15% or lower moisture and 
hay below 22% moisture to prevent excess 
microbial growth. Feed grains and silage (whole 
chopped corn plant or other fodder) may be 
stored at a much higher moisture level if it is an 
airtight silo, which prevents most microbial 
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growth. Silage may also be stored with high mois
ture content in a non‐airtight silo, as the ensilage 
process results in acidic conditions, inhibiting 
further microbial growth (34, 60, 78). Any fault 
of the equipment, facilities, or human error may 
result in conditions that favor microbial growth, 
which increases the endotoxin, glucans, and other 
hazardous substances within the dust from these 
materials, and of course lowers the animal‐feed 
quality of the material. Considering microbial 
concentration and length of exposure time, haz
ardous exposure variables can be classified into 
two different situations: (1) PAMM and (2) 
chronic exposures to lower‐level concentrations 
(CLLC). Each of the exposure parameters result 

in potentially different disease outcomes. PAMM 
exposures are characterized by dust highly 
 contaminated with bacteria and fungi and their 
by‐products, and tasks associated with these 
exposures occur only periodically and are usually 
relatively short term (see Table 3.4). CLLC expo
sures are characterized by a lower microbial 
 concentrated dust, but exposures are chronic and 
long term. The first situation (PAMM) may 
result in ODTS and/or FL. The second (CLLC) 
results in bronchitis, NAALC, MMS, MMI, and 
possible chronic forms of ODTS or FL. The 
 relative range of concentrations air contaminant 
exposures are several times higher in PAMM 
compared to CLLC (see Table 3.5). For example, 

Table 3.4 Agents and common names for hypersensitivity pneumonitis among agricultural workers 
and food product processors

Exposure Agenta Common name or condition

Moldy hay or silage Thermophilic actinomycetes
Micropolyspora faeni
Others

Farmer’s lung

Mushroom production/
mushroom compost

Thermoactinomycetes vulgaris
Others

Mushroom worker’s lung

Moldy 
sugar 
cane 
plant residue – post‐processing

T. viridis
T. sacharii
Others

Bagassosis

Fungi
Moldy maple bark Cryptostroma corticale

Others
Maple bark stripper’s disease

Moldy malt Aspergillus clavatus
Others

Malt worker’s lung

Moldy dust Penicillium frequentans
Others

Suberosis

Surface mold on cheese P. caseii
Others

Cheese worker’s lung

Moldy wood chips Altervaria spp.
Others

Wood worker’s lung
People using wood chips for heating fuel

Moldy redwood dust Pullularia spp.
Others

Sequiosis

Paprika dust Mucor spp.
Others

Paprika splitter’s lung

Arthropods
Infested wheat Sitophilus granarius

Others
Wheat weevil disease

Fresh avian droppings Avian proteins Bird breeder’s lung

a There are probably multiple agents of hypersensitivity pneumonitis for each specific condition. The specific agents listed here have 
been associated with the condition, but are probably just one of several agents involved.
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CLLC exposures to dust, endotoxin, and microbes 
may range from 0.5 to 10.0 mg/m3, 50 to 1000 
EU, and 104 to 106 organisms/m3 respectively 
(79,  80). Comparatively, PAMM exposures to 
agricultural dust endotoxin and microbes range 
from 10 to 100 mg/m3, 1000 to 45,000 EU and 
106 to 109 microbes/m3 (81).

Examples of situations which generate 
PAMM exposures include opening moldy bales 
of hay in a confined space, removing the top 
layer of silage from a silo (silo unloading), shov
eling moldy grain (Figure  3.11), cleaning out 
the residual (often spoiled) grain from storage 
structures, power washing a swine or poultry 
building (Figure 3.12), moving, sorting, or load 
out (moving animals out of the building into 
trucks for transport to market) of hogs or poul
try, rototilling (reconditioning) the litter in 
a  chicken‐ or turkey‐growing structure, and 
mechanically shredding bales of hay or straw for 
dairy cow  bedding. The agents are found not 
only in moldy feed products but also in wood 
chips (which are commonly used as heating fuel 
in rural areas in North America and the EU) 
(82) and saw dust (used for bedding for dairy 
cattle and horses).

Common examples of CLLC and PAMM 
exposures occur in work sites such as swine‐ and 

poultry‐confinement buildings (43), dairy 
barns, feed‐preparation and grain‐handling sites, 
and commercial grain‐storage, grain‐handling, 
and transport operations. Besides microbial con
centration of agricultural dusts that predict haz
ard, some specific characteristics of the dust may 
increase its toxic effect. The practical experience 
of this author and many others who have worked 
in and around agricultural dusts has found that 
dust in swine barns is more inflammatory and 
odorous, and adheres more robustly to clothing, 
hair, and skin compared to dusts from other live
stock species buildings (38). Swine workers have 
a higher prevalence of  respiratory conditions 
(bronchitis, MMI, NAALC) relative to other 
livestock workers (38). The reasons for this are 
not fully known, but some research suggests 
that hog barn dust increases lymphocyte adhe
sion to respiratory epithelial cells, which can 
exacerbate the inflammatory response (83). 
Other variables with  animal‐associated dusts 
include the presence of  ammonia (commonly 
present in swine and poultry barns). Ammonia 
has a synergistic adverse health effect when 
 combined with livestock dust  (19). (Note that 
compared to swine houses, ammonia concen
trations are usually higher in poultry buildings, 
and ammonia and dust concentrations are even 

Table 3.5 comparisons of tasks and resulting exposures to agricultural dusts, relative to time and 
concentration

Specific tasks or structure Exposure characteristics

PAMM exposures to agricultural dust
Silo unloading
Moving moldy grain
Emptying grain bins
Moving and sorting pigs in a confinement building
Power washing the inside of a swine‐confinement building
Loading or caging chickens or turkeys
Reconditioning litter in floor‐housed poultry buildings
Moving or loading wood chips

3–4 times/year
30 minutes to 2 hours duration
Total dust 10–50 mg/m3

Total viable microbial count 107–1010 microbes/m3

Endotoxin concentration 500–45,000 EU
Micrograms concentration 106–109 organisms/m3

CLLC exposures to agricultural dust
Swine confinement buildings
Poultry confinement buildings
Dairy barn
Work in a grain elevator or feed mill

Daily exposures
2–8 hours/day duration
Total dust 1–9 mg/m3

103–105 microbes/m3

Endotoxin concentration 100–400 EU/m3

PAMM, periodic, acute, massive and moldy; CLLC, chronic lower level concentration.
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higher in floor‐raised poultry houses than in 
cagedraised houses) (13). (It is interesting to 
note that animal welfare advocates promote 

floor‐raised over caged‐raised layers, but the 
 former may increase the health hazard for both 
birds and workers because of the associated 

Figure 3.11 Shoveling or other disturbance of moldy grain can create a risk for organic dust toxic syn-
drome and other respiratory conditions.

Figure 3.12 Power washing is a common task for cleaning swine, poultry, and other livestock facilities. 
The process increases bioaerosol exposures, as it blasts high levels of particulates and endotoxin into the air. 
If power washers are operated in a building with a liquid manure pit underneath it the vibration may result in 
agitation of the manure, releasing hazardous concentrations of hydrogen sulfide.
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increased ammonia and dust). The differences in 
the types and concentrations of exposure inci
dents (CLLC and PAMM) and related symptoms 
and diseases are summarized Tables 3.4 and 3.5.

The individual susceptibility variables that 
increase the risk for and severity of bronchitis, 
NAALC, MMI, MMS, and ODTS include ciga
rette smoking, co‐morbidities including other 
respiratory or cardiovascular disease, positive atopic 
 status, obesity, and individual genetic variance 
(45, 84). As the demographics of those working in 
livestock production has shifted from family labor 
to more hired workers that include foreign‐born 
workers and women (primarily seen in North 
America), a higher percentage of these workers are 
cigarette smokers. Furthermore, they work longer 
hours in the buildings. These factors suggest res
piratory risks will remain an issue, even with 
improved building design (85). Female swine 
workers seem to respond differently to their work 
environment than males. Male swine workers have 
a higher frequency of doctor‐diagnosed atopy. 
Women with atopy have a lower frequency of 
bronchitis (85). Although the reason for this latter 
observation is not known, there is genetic variable 
sensitivity to endotoxin among workers associated 
with the innate immune system. About 10% of 
individuals have a polymorphism of Toll‐like recep
tors (TLR4) on their white blood cells, rendering 
them less sensitive to endotoxin (45, 86). This pro
vides them with partial protection from bronchitis, 
MMI, MMS, NAALC, and ODTS. An additional 
individual variable is that exposure to agricultural 
dusts at an early age provides lifetime protection 
from atopic disease to an estimated 10% of the 
exposed population (hygiene hypothesis).

3.3.5  Clinical Aspects of Agricultural 
Dust‐related Respiratory 
Diseases

Diagnosing agricultural dust‐related respiratory 
diseases depends largely on the ability of the 
healthcare provider to ascertain a complete and 
accurate occupational history. This depends on 
the provider’s understanding of agricultural 
 processes that result in hazardous exposures. The 

following description is intended to assist the 
professional in understanding occupational his
tory variables with a focus on chronic compared 
to acute conditions. Chronic bronchitis, MMI, 
and NAALC will be discussed first, followed by 
the acute conditions of ODTS and FL.

Diagnosing occupational bronchitis, MMI, 
and NAALC secondary to agricultural dust expo
sures can be challenging as there are no specific 
clinical tests to determine the exposure source. 
Assuming dust exposure is an important element 
of the history, an effort should be made to deter
mine if it is CLLC or PAMM exposure (see 
Tables 3.4 and 3.5 ). Questions address the tim
ing of symptom onset: When do symptoms gen
erally occur during the work period? Do they get 
better with time away? Do they get worse on 
return to work following time off ? It is important 
to note that many workers who have developed 
NAALC from agricultural dust exposures may 
develop asthma symptoms following non‐specific 
exposures such as cold air or exercise. Although 
NAALC may develop in naïve workers within the 
first few hours or days of first exposure (87), more 
commonly it is seen in workers with more than 6 
years of exposure and with exposure concentra
tions above 2.5 mg/m3 for 2 or more hours per 
day (19, 54, 88, 89). There is a degree of adapta
tion or developed tolerance in many workers. 
Symptoms of bronchitis, MMI, and NAALC 
may diminish over weeks or months of exposure 
due to down‐regulation of the immune system. 
However, damage to the airways could still be 
occurring even with diminished symptoms, lead
ing possibly to permanent airway dysfunction in 
the future. Preventive steps should be taken even 
if symptoms diminish (6).

If a pulmonary function test (PFT) is con
ducted, this author (KJD) has observed some 
unique characteristics of the northern European 
extracted farm population that should be consid
ered. In this farm population, baseline forced 
expiratory flows (FEF25–75) are commonly quite 
low (e.g., 60% of predicted) even in asympto
matic individuals. This suggests that small airway 
obstruction is common among this population, 
which may lead to future clinically significant 
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symptoms. For large airways function we have 
seen through experience that farmers commonly 
have higher baseline volumes and flows compared 
to standard industrial comparison populations. 
This is probably because of some genetic varia
tion, the heavy work they do, and the healthy 
worker effect. The pulmonary function of farm
ers with mild lung impairments might show 
100% or more of predicted value compared to 
the industrial‐based comparison group. However, 
that same pulmonary function might be 70% or 
80% of predicted if the farmer patient were com
pared to a northern European farmer comparison 
group (which does not exist). Therefore, one 
might not detect low‐level lung disease in farmers 
with baseline testing only. Cross‐work shift test
ing is ideal as each person serves as their own con
trol. A 10–20% drop in FEV1 and FEF25–75 over a 
work shift is common among swine and poultry 
workers. Furthermore, we have shown that work 
shift decrements are predictive of future baseline 
declines and air trapping (90, 91). These findings, 
along with an accompanying rise in peripheral 
blood white cell count (mainly an acute neutro
phil response) and an increased sensitivity to 
methacholine challenge (92), suggest an inflam
matory pathologic process is ongoing. These clin
ical observations coupled with a concordant 
occupational history are relevant to diagnosis of 
occupational agricultural dust exposure associa
tion with bronchitis, MMI, and NAALC in farm 
patients.

Treating bronchitis, NAALC, and MMI first 
requires elimination or reduction in exposure. 
This may include relocation to a different (less 
exposed) task, engineering control of the source 
of dust, and use of a personal protective respira
tor. (Controlling exposure is also a principle of 
prevention and will be discussed later in this 
chapter.) Smoking cessation is extremely impor
tant to reduce the risk and exacerbation of dis
ease. Medical surveillance is recommended with 
assessment of symptoms and pulmonary function 
on an annual or biannual basis for those exposed 
with prior symptoms.

Medical treatment includes anti‐inflammatories 
(mainly steroidal) and also bronchodilators for 

NAALC. Treatment with these drugs (93) should 
not continue indefinitely (to reduce  possible 
side effects) and they should be used in conjunc
tion with a program to reduce exposures.

Diagnosing acute episodes of ODTS and FL is 
based on occupational histories and clinical 
 findings. Distinguishing ODTS from FL is chal
lenging as patients may have a similar occupa
tional history, symptoms, and clinical findings. 
Although the treatment and prevention of ODTS 
and FL are similar, it is important to differentiate 
them, as FL (with continued exposures) can lead 
to a progressive end‐stage debilitating interstitial 
fibrosis.

Diagnosis of ODTS is characterized by a his
tory of PAMM exposure followed in 4–6 hours 
by an acute onset of an influenza‐like illness with 
several or all of the following symptoms: head
ache, chest tightness, cough, fever, muscle aches 
and pain, fatigue, and a general feeling of malaise. 
Symptoms may last for 24–72 hours depending 
on the extent of exposure and individual varia
tion. Although these acute symptoms can be 
identical to FL, an important fact to note is that 
most PAMM exposures associated with these 
symptoms are in fact ODTS (49). An additional 
fact noted by this author (KJD) in consulting on 
numerous cases, is that exposure significantly in 
excess of usual exposure limits is also an impor
tant key point in the history. For example, we 
have found that swine workers experiencing 
CLLC exposures (and related symptoms and con
ditions) may also experience ODTS episodes 
associated with the periodic task of moving and 
sorting pigs for market. The usual concentration 
of dust exposure may be elevated up to five times 
higher than their everyday exposures, as move
ment and herding of the pigs results in increased 
aerosolization of settled dust in the building (94). 
ODTS may occur during any season, but often it 
is associated with late summer, fall (cleaning grain 
bins in preparation for fall harvest), and fall 
through early spring (opening and unloading 
silos). If several people are exposed to the same 
PAMM exposure all of them may get sick, mim
icking a more generic toxicity exposure such as an 
insecticide or a toxic gas. However, there will 
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likely be variability of severity of illness among 
those exposed. Many people will know what they 
have and what exposure caused it as they will 
have had previous episodes. Clinical data may 
show heightened breath sounds on auscultation, 
a high neutrophilic white count, obstruction on 
PFT, but usually a normal PO2 and normal chest 
x‐ray. ODTS often does not occur as the only 
condition, as a percentage of ODTS cases pro
gress or develop simultaneously with FL.

Diagnosing FL is also challenging. Exposures 
and symptoms are variable; no single symptom is 
diagnostic. Also, the disease can present in acute, 
sub‐acute, and chronic forms. Acute FL should 
be suspected in a farmer with a PAMM exposure 
and concomitant delayed acute influenza‐like ill
ness similar to ODTS. Symptoms and objective 
clinical findings are usually more severe com
pared to ODTS. FL often includes pneumonitis 
with or without active interstitial lung disease. In 
most circumstances, the following combination 
of factors is necessary for a tentative diagnosis of 
acute FL disease:

1. The patient presents with a history of PAMM 
exposure to decayed plant agricultural dusts 
followed by a 4–6 hour delayed but abrupt 
onset of influenza‐like symptoms.

2. The illness includes a characteristic cluster of 
symptoms including cough, fever, malaise, 
chest tightness, headache, fatigue, dyspnea, 
and basal crepitate rales, which last for 48–72 
hours with slow recovery.

3. A chest radiograph reveals bilateral, ground 
glass, or micronodular lung infiltrates in the 
lower two‐thirds of the peripheral lung field 
(see Figure 3.13).

4. Pulmonary function tests of acutely ill patients 
include decreased lung volumes with a restric
tive pattern, small airways obstruction, and 
decreased carbon monoxide diffusing capacity.

5. Patients may have a low PO2 and be cyanotic.
6. Broncheoalveolar lavage in the first few hours 

of onset may reveal predominately neutrophils, 
but will change to a mononuclear cell field 
with a predominance of lymphocytes several 
hours following onset. The lymphocytosis is 

characterized by a high T‐cell to B‐cell ratio (as 
compared to peripheral blood) (59). Also nota
ble is the decrease in T4 to T8 cell ratios (note 
such increased numbers of suppressor cells are 
the opposite of the finding in sarcoidosis).

7. Supporting (not diagnostic) evidence includes 
positive serology to any of a panel of 15 or so 
fungal or thermophilic actinomycetes antigens 
included in a “farmer’s lung panel” (note that 
the offending antigen may not be in the panel).

Sub‐acute and chronic cases of FL do not have 
acute influenza‐like symptoms and are difficult to 
diagnose. They may begin with acute FL, then 
progress slowly with continuous low‐level expo
sure over months or years in an insidious manner, 
presenting in the latter stages with increasing 
symptoms of fatigue, progressive dyspnea, and 
cyanosis (subacute), and progress to the chronic 
form noted by exertional dyspnea, cough, fatigue, 
and weight loss (66). These cases show a spec
trum of abnormalities, including lymphocytosis 
in bronchoalveolar lavage (BAL) fluids, pneumonitis, 
fibrosis, and hyperexpansion or honeycombing of 
lungs (on lung biopsy) (67).

Figure 3.13 This lung‐field radiograph shows 
a micronodular infiltrate in the lower lung field, com-
monly seen in acute cases of farmer’s lung.
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The following are clinical details to assist diag
nosis. Although most FL patients are serologi
cally positive, at least 10% of the healthy farm 
population possesses FL antibodies. (Care must 
be taken to use an appropriate battery of FL anti
gens.) Although clinical test results vary among 
cases, pulmonary function is likely to show a 
restrictive pattern. Chest radiograph may show 
nodular thickening of the alveolar interstitium. 
High‐resolution computerized tomography will 
more readily demonstrate the latter lesions (95) 
and typically will show well‐defined patches of 
hyperinflated tissue (mosaic pattern) suggestive 
of small airway obstruction.

Lung biopsy is not normally required or 
advised, but may be useful in an exceptional case 
when a specific diagnosis is needed (e.g., for 
worker’s compensation) or with a difficult differ
ential diagnosis. Lung biopsy in acute FL reveals 
a characteristic mononuclear cell infiltrate or 
granulomatous interstitial pneumonitis, possibly 
with giant cells (see Figure 3.14). Gross thicken
ing of the alveolar capillary membranes results 
from mononuclear infiltration into interstitial 
tissues, resulting in obliteration of the alveoli. 
Mononuclear cells often form non‐caseating 
granulomata that may occlude bronchioles. 
Multinucleated Langerhan’s giant cells and for
eign body type cells that may be bi‐refringent or 
non‐refringent are common in areas of inflam
mation. Spores of potential causative molds or 
bacteria usually are not recognized in tissues. 
Biopsies in subacute cases will reveal a progres
sion of interstitial fibrosis and perhaps dimin
ished mononuclear cell infiltrate or granulomas. 
Bronchoprovocation by FL antigens has been 
used as a definitive diagnostic test, but can involve 
significant risk of exacerbating the disease in the 
patient and is not recommended.

A number of features differentiate acute FL 
and ODTS. These are summarized on Table 3.7 
and discussed below (48, 52, 96). FL occurs in 
only a small subset of any exposed population. 
Although predisposing factors must exist, these 
have not yet been defined. ODTS, in contrast, 
can affect a high percentage of exposed individu
als following PAMM exposures. Thus, cases are 

often clustered, with all individuals in certain 
PAMM exposures affected simultaneously.

A number of laboratory tests can help to 
distinguish FL from ODTS. Chest radiographs 
of FL patients characteristically reveal a finely 
nodular density in the lower lung fields, while 
chest radiographs of ODTS patients character
istically are clear (although occasionally may 
have a mild infiltrate). Blood gas measure
ments often show decreased PO2 for FL, but 
are usually normal for ODTS. While PFT for 
ODTS patients may reveal an obstructive pat
tern, PFT in FL patients shows marked restric
tion, often with reductions of both FEV1 and 
FVC, often yielding a normal FEV1/FVC ratio, 
with decreased compliance and diffusing 
capacity. BAL in FL typically yields fluids with 
a predominance in lymphocytes, while in 
ODTS, BAL fluids are typically dominated by 
neutrophils ODTS (52).

Figure  3.14 This biopsy of a patient with 
acute farmer’s lung shows the characteristic mono-
nuclear cell infiltrate. The letter G indicates a forming 
granuloma. Multinucleated giant cells may also be seen.
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Table 3.6 Symptoms and conditions resulting from two types of exposure conditions to agricultural 
dusts

Symptoms Conditions

PAMM exposures
(Delayed response 2–6 hours after exposure)
Cough
Chest tightness
Malaise
Headache
Myalgia
Arthralgia
Fever

ODTS – toxic alveolitis
and/or
hypersensitivity pneumonitis

CLLC exposures
Cough: intermittent, associated with exposure
Phlegm production: intermittent, associated with work exposure

Acute bronchitis

Cough and phlegm production: occurring more than 3 weeks out of the year,  
for longer than 2 years

Chronic bronchitis

Chest tightness: wheezing on exposure NALC
Sore throat
Nasal irritation
Eye irritation

MMI

Stuffy nose
Difficult nasal breathing
Complaints of being “plugged up” or “persistent cold”

Chronic sinusitis
(one manifestation of MMI)

PAMM, periodic, acute, massive and moldy; ODTS, organic dust toxic syndrome; CLLC, chronic lower level concentration; 
NALC, non‐allergic asthma‐like condition; MMI, mucous membrane irritation

Table 3.7 Epidemiologic and clinical differentiations of organic dust toxic syndrome and farmer’s lung

Organic dust toxic syndrome Farmer’s lung

Often “mini” epidemics: all those exposed to an acute episodic 
massive exposure affected

Not every person exposed will be affected

Acute symptoms, delayed response to exposure (2–6 hours)
Cough, chest tightness, malaise, headache, myalgia, arthralgia, 
fever

Lasting 24–72 hours

Acute symptoms, delayed response to  
exposure (2–6 hours)
Cough, chest tightness, malaise, headache, myalgia, 
arthralgia, fever
Lasting 24–72 hours
Hypersensitivity pneumonitis typically has more severe 
acute symptoms than ODTS

Elevated WBC, with left shift Elevated WBC, mononuclear cells may be relatively 
elevated

Usually normal chest film Usually finely nodular infiltrate more evident in lower 
lobes and mediastinum

Pulmonary function shows obstruction Pulmonary function shows restriction
PO2 usually normal PO2 below normal values
BAL: elevated white cells with neutrophil predominant BAL: elevated white cells, mononuclear cells may 

predominate
Biopsy: acute inflammation of alveolitis, bronchitis Biopsy: more chronic inflammation of alveoli, with 

mononuclear cells, possible granulomas and/or giant cells

ODTS, organic dust toxic syndrome; WBC, white blood count.
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Differentiating sub‐acute and chronic FL 
from depression, chronic bronchitis, sarcoidosis, 
and other chronic interstitial lung disease may be 
challenging. As mentioned several times previ
ously, an accurate and detailed occupational 
 history is perhaps the most important differential 
tool, bolstered by the clinical findings mentioned 
above. However, chronic FL can be misdiagnosed 
as depression, chronic bronchitis, or any chronic 
interstitial lung disease. Pulmonary sarcoidosis 
may prove an especially difficult differential 
because of the histopathologic and other similari
ties to FL. A high T/B cell, and low T4/T8 ratio 
may help to characterize the specific condition. A 
review article by James (97) provides a summary 
of T‐cell lymphocyte characteristics of various 
granulomatous diseases. A slight increase in lym
phocytes in a BAL sample may be found in 
asymptomatic farmers and thus is not diagnostic 
by itself. Acute FL can be misdiagnosed as ODTS 
(FL may often occur simultaneously with 
ODTS), influenza, a bad cold, infectious pneu
monia, or atopic asthma. Differentiation of FL 
from most cases of asthma can be based on the 
presence of wheezing and the absence of rales in 
asthma, and chest x‐ray changes (infiltrate in 
lower lung fields) in FL.

Differentiating FL and ODTS from silo gas 
(oxides of nitrogen poisoning) and metal fume 
fever, as with other conditions, mainly relies on a 
sound and accurate occupational history. (Note 
the latter two conditions are covered later in this 
chapter.) Because acute FL and ODTS may result 
from exposure within a silo, either may be con
fused as silo filler’s disease resulting from expo
sure to nitrogen oxides (see Section  3.5) (55). 
Dyspnea, which is often present for several weeks 
after acute silo gas exposure, may be confused 
with FL. However, silo gas exposure occurs within 
the first 2 weeks of silo filling (which occurs 
mainly in late summer or early fall), while acute 
illness from dust exposure during silo unloading 
occurs at least 1 or 2 months after it has been 
filled (commonly in late fall through early spring). 
The primary physical finding with silo gas expo
sure is pulmonary edema, not generalized, febrile 
influenza‐like symptoms as in FL or ODTS.

Exposure to welding fumes may also create 
symptoms similar to ODTS (see Section  3.2). 
Welding, particularly with galvanized metal 
(which contains zinc), produces zinc aerosols that 
can create a syndrome (metal fume fever) with 
symptoms similar to ODTS (24).

Treatment of FL and ODTS are very similar. 
Since both acute ODTS and acute FL are self‐
limiting, with symptoms resolving in 2–5 days in 
mild cases, affected farmers with mild cases may 
not seek medical care. However, when medical 
treatment is sought the treatment is the same for 
both conditions, being primarily supportive 
and  symptomatic (96). As the patient may be 
hypoxic with a respiratory alkalosis, supportive 
therapy includes oxygen via nasal cannula and 
re‐hydration with a balanced electrolyte solution. 
Non‐steroidal anti‐inflammatories and/or a burst 
and taper of corticosteroids may diminish the 
acute symptoms and shorten the duration of ill
ness (although there are no objective data to back 
this practice). Bronchodilators may be used if 
bronchoconstriction is a predominant symptom. 
Desensitization is not effective. Antibiotics and 
antihistamines are not indicated.

As mentioned previously, the primary impor
tance of a proper diagnosis of FL is to help the 
patient prevent future (even small concentra
tions) exposure, which can lead to silent progres
sive disease and permanent impairment.

Typical exposure dust concentrations in agri
culture resulting in respiratory diseases are usu
ally higher than the recommended or regulated 
concentrations. For CLLC exposures, common 
dust concentrations in confined swine and poul
try buildings are between 5 and 10 mg/m3. Dust 
in grain‐handling facilities and feed‐preparation 
areas is similar. A small number of dose‐response 
studies are available for agricultural dusts, but 
only for cotton dust, grain dust, and swine and 
poultry confinement exposures. These dose‐
response data apply to CLLC exposures. 
Decreased pulmonary function has been demon
strated in those exposed to cotton dust concen
trations in excess of 1 mg/m3 of dust. Grain dust 
studies have led to the Occupational Health and 
Safety Association (OSHA) legal permissible 
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exposure limit (PEL) of 10 mg/m3 of total dust 
(higher than the 4 mg/m3 recommended by 
NIOSH, the American Conference of Govern
mental Industrial Hygienists, and most other 
industrialized countries). Duplicated dose‐response 
studies indicate that dust exposure in confined 
swine and poultry facilities should be no higher 
than 2.5 mg/m3, with endotoxin limited at 100 
EU/m3 and microbes less than 104 organisms/m3 
(98, 99). Numerous studies suggest that dusts in 
both swine‐ and poultry‐confined work environ
ments are more biologically active than grain 
dust, and therefore logic suggests the limits 
should be lower. Dust levels in livestock buildings 
commonly reach 5–10 mg/m3, endotoxin in live
stock buildings commonly measures over 1000 
EU/m3, and microbes 105 organisms/m3. 
Table 3.8 lists the relative legal and recommended 
maximum occupational exposure concentrations 
of dusts and gases (88, 98, 99).

PAMM exposures in other settings, such as a 
disturbance of spoiled plant material, can produce 
microbe concentrations well over 109 organisms/
m3. For example, loosening bales of hay in a 
 confined space, such as in a barn, has produced 
concentrations as high as 109 organisms/m3 of 
thermophilic microbes. A person doing light work 
in this setting may retain 7.5 × 105 spores/minute 
in the lungs. Concentrations of 4 × 109 viable 
spores/m3 have been documented in silo openings 
(81). Endotoxin is found to reach levels in silos of 
88–873 endotoxin units of activity per milligram 
of dust during unloading of silos (81). Respirable 
histamine levels as high as 10 nmol/m3 have been 
recorded after chopping bedding (100).

To summarize, current US OSHA (as well as 
other countries’) PEL standards for agricultural 
dust exposures (see Table 3.8; 88, 98, 99) are inad
equate. Available research suggests that agricul
tural dusts (in addition to grain and cotton dust) 
are not “nuisance” dusts and need to have PELs 
that reflect the actual hazard that has been docu
mented (e.g., in swine‐ and poultry‐confinement 
housing). Additional dose‐response studies are 
important to help set exposure limits. Con
sequently, it is apparent that farmers commonly 
are exposed to harmful concentrations of agricul
tural dusts, and prevention interventions need 
to  target a lower exposure to agricultural dusts 
in many different exposure settings.

3.4  Confined Animal Feeding 
Operations and Respiratory 
Disease Hazards

3.4.1 Introduction
CAFOs are agricultural work places with poten
tial respiratory hazards similar to other work sites 
with  agricultural dust exposures. The primary 
type of exposure is of the CLLC type and there 
are secondary occasional PAMM exposures. The 
occasional PAMM exposures occur in three pri
mary tasks: (1) moving and sorting market hogs, 
(2) load out of broilers, layers, and turkeys, and 
input of new layers in cages, and (3) rototilling 
(reconditioning) the litter in floor‐raised poultry. 
Additional to dust exposures, there are hazardous 
gas exposures from decomposing animal wastes 

Table 3.8 comparison of OSHA and AcGIH TLVs to recommended exposure limits to toxic dusts and 
gases based on current research (88, 98, 99)

Toxic substance Current research  
recommendations for CAFOs

Typical findings  
in CAFOs

ACGIH OSHA

Total dust (mg/m3) 2.5 3–6 4 15
Respirable dust (mg/m3) 0.23 0.5–1.5 – –
Ammonia (ppm) 7 5–15 25 25
Hydrogen sulfide (ppm) – 0.5–5 10 10
Carbon dioxide (ppm) 1500 1000–4000 5000 5000
Endotoxin (EU) 100 EU 50–1000 EU – –



Chapter 3 Agricultural Respiratory Diseases 127

(ammonia and hydrogen sulfide) that have an 
additive or synergistic chronic health effect 
(ammonia) with the dust, and occasional acute 
hazardous hydrogen sulfide. This section will dis
cuss the health hazards and prevention measures 
for CAFO workers. Table 3.9 lists hazardous dust 
and gases commonly found in livestock buildings 
(11, 79).

The US Environmental Protection Agency 
defines a CAFO as a facility that concentrates 
livestock or poultry production in enclosed areas 
where grass or other plants will not grow, and is a 
potential surface water pollutant (i.e., run‐off can 
lead to a receiving stream). The term CAFO has 
been given a negative image by some special 
interest groups and certain components of the 
general public. Producers and others prefer to 
use the less‐encumbered term (intensive livestock 
housing) to try to promote an informed rational 
approach to the subject, reducing the tendency 
for an emotional response. This should be kept in 
mind when health or safety professionals com
municate with producers. However, in this chap
ter the term CAFO is used, based solely on the 
EPA definition.

CAFOs began with poultry production in the 
late 1950s. Swine CAFOs began to appear in the 
1980s, and to a lesser extent for sheep, beef cattle, 
dairy cattle, and veal calves (101, 102). CAFOs 
may be open feed lots (more common with beef 
cattle) or totally enclosed buildings (more com
mon with poultry and swine). They are produc
tion systems that include equipment for 
ventilation, heating, feed preparation and deliv
ery, and disposal of animal wastes (80).

3.4.2  What Toxic Dusts and Gases are 
found in Confinement Houses?

CAFO dust is a complex mixture of potentially 
hazardous agents that are generated primarily 
from the animals (hair, dander, dried feces) and 
feed (see Table 3.9) (11, 101, 103). Dust particles 
in CAFOs contain approximately 25% protein 
and range in size from less than 2 μ to 50 μ in 
diameter (11, 104). One‐third of the particles are 
within the inhalable size range (less than 10 μ in 
diameter) (11, 103). Fecal material particles con
stitute the majority of small (≤10 μ) particles and 
consist of high concentrations of gut‐flora bacte
ria and exfoliated gut epithelium. This compo
nent of the dust constitutes a burden to lower 
airways. The larger particles are mainly of feed 
grain origin and primarily impact the upper air
ways. Additional components of CAFO dust mix 
include animal dander, broken bits of hair, bacte
ria, endotoxin, pollen grains, insect parts, and 
fungal spores (11, 79). CAFO dusts differ from 
grain dusts from other sources in that they pre
sent a chronic exposure to higher concentrations 
of endotoxin and (1→3)β‐D‐glucan. The dust 
also absorbs ammonia (NH3) and possibly other 
toxic or irritating gases, adding to the potential 
hazards of the inhaled particles (54, 101, 105, 106). 
A recent study has shown that the mixed expo
sure to dust and ammonia in CAFOs has a syner
gistic toxic effect on the airways, as measured by 
cross‐shift pulmonary function decline in work
ers. CAFO dust combined with ammonia results 
in two to four times (synergistic effect) the extent 
of cross‐shift decline compared to a single 
 exposure of dust or ammonia (19).

Table 3.9 Potentially hazardous agents in dusts 
from livestock buildings (11,79)

Feed particlesa

Swine proteins (urine, dander, serum)
Swine fecesb

Mold
Pollen
Grain mites, insect parts
Mineral ash
Gram‐negative bacteria
Microbial by‐products
Endotoxin
(1→3)‐β‐d‐glucan
Microbial proteases
Mycotoxins
Histamine
Ammonia adsorbed to particles
Infectious agents
Plant parts and by‐products
Tannins
Plicatic acid

a Grain dust, antibiotics, growth promotants.
b Gut, microbial flora, gut epithelium, undigested feed.
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Gases generated inside the buildings arise 
from decomposition of animal urine and feces 
(ammonia, hydrogen sulfide, and methane are 
among the 160 gases that have been identified; 
34, 101, 105, 107–109). Ammonia (NH3) and 
hydrogen sulfide (H2S) are the two gases that 
present a known respiratory hazard for workers. 
Methane is not a respiratory hazard, but is a fire 
and explosive hazard in CAFOs. Fossil‐fuel‐
burning heaters and high‐pressure washers 
powered by internal combustion engines emit 
carbon dioxide (CO2) and carbon monoxide 
(CO), and the animals’ respiration emits CO2. 
CO2 is not an acute hazard for workers, but CO 
may present a risk to the unborn fetus of a preg
nant worker (101).

In swine and some beef and dairy operations, 
animal wastes are handled in liquid form in one 
of two ways: it is dropped through a slatted floor 
into a deep (6–8 feet) pit beneath the house 
where it remains until the manure slurry is 
pumped out to be distributed on fields as a crop 
nutrient (usually twice a year) or it is frequently 
removed from shallow pits (2–4 feet) under the 
building through any of several mechanisms to a 
solid storage structure or earthen lagoon outside 
the building. Poultry wastes are handled as a 
solid. In caged‐layer operations the manure is 
stored under the building for some months until 
it is mechanically removed for land application 
as a plant nutrient. Broilers (chickens for meat) 
and turkeys are raised on the floor on a base 
material such as saw dust, which is compacted 
with the avian feces to form a solid material 
called litter. The source of NH3 inside CAFOs is 
decomposition of urine and feces on the floor of 
the building (40%) and the manure storage 
under the building. The H2S is the end product 
of the microbial degradation of sulfur‐containing 
amino acids within animal feces stored anaero
bically in liquid manure form (swine and cattle 
facilities, not poultry). Animal waste stored in 
liquid form under the building will continually 
emit low  concentrations of H2S that may emit 
ambient concentrations of 1–5 ppm (lower 
than  OSHA limits of 10 ppm) into the work 
environment. However, when the liquid 
manure is agitated in any way, for example 

before or during pump out, lethal concentra
tions may be rapidly emitted.

The mixture and concentrations of dusts and 
gases inside CAFOs vary depending on numer
ous factors, including management practices, 
ventilation and other engineering controls, the 
age, number, and type of animals in the building, 
and the design and management of the feeding 
and waste‐handling systems. Dust and gas 
 concentrations and composition vary over time 
relative to the season of the year and the age of 
the animals. This section focuses on swine and 
poultry CAFOs as these operations have been 
extensively studied and are those most commonly 
reported as potential health risks for workers

3.4.3  Who is Exposed to CAFO Dusts 
and Gases, and When?

Worker tasks in CAFOs include feed preparation, 
feeding animals, cleaning the buildings, sorting 
and moving animals from one pen or building to 
another, performing routine vaccinations and 
treatments, breeding sows, tending to birthing 
sows, and “processing” piglets. The latter involves 
umbilical cord stump sanitation, iron administra
tion, identification (e.g., ear clipping or tagging), 
tail docking, canine teeth clipping, and castra
tion. (Note there are differences in these proce
dures among producers and in different 
countries.) Women commonly work in these 
facilities, particularly in the farrowing operations. 
Farm family children may often be exposed 
because they may be helping out or may be 
accompanying parents due to lack of convenient 
childcare options. Larger operations often employ 
immigrant farm workers in CAFOs. Veterinarians 
who provide services for these farm operations are 
exposed. Additionally, larger corporate‐style 
farms employ service technicians who work in 
these facilities in maintenance or animal health.

Dust and gas concentrations increase in winter 
when the houses are tightly closed and ventilation 
rates are reduced to conserve heat (110). Dust 
concentrations increase when animals are being 
moved, handled, and fed, or when buildings are 
being cleaned by high‐pressure spray washing 
or  sweeping (94,  103). Ventilation systems are 
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designed to control only heat and humidity in the 
building and often will not reduce dust or gas lev
els adequately to insure a healthy environment 
for humans or animals, especially in cold weather. 
Should the ventilation fail in cold weather, CO2 
from animal respiration and manure pits, com
bined with CO2 and CO from heaters, can rise to 
asphyxiating or toxic levels in a matter of hours. 
In warm seasons, the greater risk to animals from 
ventilation failure is heat stress from high tem
peratures and humidity. Although massive animal 
losses have been attributed to these latter situations, 
they do not create an acute human health threat 
as workers can leave the building in a safe time.

Hydrogen sulfide (H2S) may pose an acute 
hazard when the liquid manure slurry is agi
tated, an operation commonly performed to 
suspend solids so that pits can be emptied by 
pumping (36,  105,  111). However, agitation 
may occur in many ways, such as draining the 
pits by gravity flow (an optional design in some 
buildings) or wash water running into the pits 
from above. During agitation, H2S can be 
released rapidly and increase from the usual 
ambient levels of less than 5 ppm to lethal lev
els of over 500 ppm within seconds (105, 109). 
Generally, the greater the agitation, the more 
rapidly H2S is released. Animals and workers 
have died or become seriously ill in swine 
CAFOs when H2S levels have risen from agi
tated manure in pits under the building. 
Several workers have died when entering a pit 
during or soon after the emptying process to 
repair pumping equipment or clean out solids 
(105). Those attempting to rescue these work
ers also have died. Workers may be exposed to 
high H2S levels when they enter the pit to 
retrieve animals or tools that have fallen in, or 
to repair ventilation systems or cracks in the 
cement. Hydrogen sulfide exposure is most 
hazardous when the manure pits are located 
beneath the houses. However, an acutely toxic 
environment may result from outside storage 
facilities if gases backflow into a building due 
to inadequate gas traps or other design fault, or 
if a worker enters a separate confined‐space 
storage facility. Generally, outside storage facil
ities are much safer. However, a case on a dairy 

farm in Pennsylvania has been reported where 
two young boys were overcome (but survived) 
when playing near an outside storage pit dur
ing the pump‐out procedure. Recycled waste 
wall board (dry wall) has been used for bedding 
in some dairy operations. Dry wall contains 
calcium sulfate, which is thought to contribute 
to extra H2S emissions. Dry wall was used in 
the case mentioned above.

Swine CAFOs in North America are concen
trated in North Carolina in the east, and most 
states of the Midwest, including Oklahoma, 
Texas, Colorado, and Utah. Swine CAFOs are 
also found in the mid‐east and prairie provinces of 
Canada, northern European countries, Australia, 
and Brazil. Poultry CAFOs (which include turkey, 
broiler, and egg production) are concentrated in 
the east‐central, southeast, Midwest, and far west 
of the US. Poultry confinements are also found in 
Europe, Australia, and Brazil. Other types of 
CAFOs (beef, dairy, veal) are not nearly as com
mon as swine and poultry CAFOs, and are located 
in regions where principle feedstuffs (corn, soy
beans, and wheat) are grown.

Although respiratory exposures are extremely 
common among CAFO workers, there are sev
eral other occupational hazards that should be 
considered, including zoonotic infections, trau
matic injuries, needle sticks, and loud noise. 
Infectious agent hazards involving the respira
tory tract include, but are not limited to, swine 
influenza, methicillin‐resistant Staphylococcus 
aureus, ornithosis, and Q fever (112). These dis
eases are covered in detail in Section 3.7. CAFO 
workers are subject to injuries from animals, 
pinch points in gates and pens, cuts and needle 
sticks. Furthermore, high noise levels in these 
facilities can lead to noise‐induced hearing loss. 
All of these hazards are discussed in subsequent 
chapters.

3.4.4  How Commonly Does Excessive 
Exposure Occur?

In the United States, an estimated 700,000 people 
work in livestock and poultry confinement opera
tions (113). This number includes owner‐operators, 
hired farm workers, spouses, children, veterinarians, 
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and service technicians. Included in the hired farm 
workers in the United States are minority popula
tions: Hispanic, Asian, and Bosnian, among others.

The largest group of CAFO‐exposed workers 
with the most frequent and severe health problems is 
swine CAFO workers (113–115). Here, typical dust 
concentrations are 2–6 mg/m3 (11). Buildings may 
have dust levels of 10–15 mg/m3 during cold weather 
or when moving or sorting the pigs. Concentrations 
in this range are high enough to create an unclear 
view across a 50‐foot room. Concentrations of dust, 
endotoxin, H2S, CO2, and CO may exceed safe lev
els. Furthermore, research has shown that safe dust 
and gas concentrations in CAFOs are considerably 
lower than established regulatory (OSHA) concen
trations. Table  3.8 compares recommended maxi
mum exposure concentrations from current research 
to levels set by OSHA and ACGIH. The more toxic 
nature of swine dust relative to other dusts is thought 
to be because of the high degree of its biological 
activity (high concentrations of endotoxin and glu
cans), its apparent ability to increase lymphocyte 
adhesion to respiratory epithelial cells (swine dust) 
and therefore its general inflammatory nature and 
the additive and synergistic actions of the mixed dust 
and gas exposures. Nearly 60% of swine confine
ment workers who have worked for six or more years 
experience one or more respiratory symptom 
(50, 114, 116, 117). The prevalence of respiratory 
symptoms among workers in non‐confinement 
swine workers is generally less than half of that 
reported by swine confinement workers (113).

3.4.5  Respiratory Effects of Inhaling 
Confinement House Dusts and 
Gases

The worker health effects of CAFO exposure 
were first described by Donham in 1977 (110). 
Since that time, numerous studies by many 
 different authors in various countries around the 
world have been published on the health of 
CAFO workers. Even with improvements in the 
engineering of CAFO buildings over the subse
quent 40 years, veterinarians as well as others still 
commonly experience the common complex of 

CLLC agricultural dust respiratory conditions 
(bronchitis, MMI, MMS, NAALC; 118–121). 
An individual’s specific response depends on sim
ilar risk factors as described for disease mecha
nisms in the previous section on agricultural 
dusts (80, 114, 122–126).

The acute symptoms experienced by swine 
and poultry CAFO workers are listed in 
Table 3.10 (40, 87, 99, 102). Additionally, CAFO 
workers may experience delayed and chronic 
 respiratory conditions (88, 107, 127–132).

CAFO workers (especially swine workers) com
monly complain of a “persistent cold,” with symp
toms of stuffy nose, headache, and “popping” ears 
(88). These patients typically have chronic non‐
infectious sinusitis (a common component of 
MMI symptoms) produced by long‐term inhala
tion of inflammatory aerosols within CAFOs.

Chronic lower airway effects manifest as 
chronic bronchitis with or without obstruction, 
and are experienced by 25% of all swine CAFO 
workers. This is the most commonly defined 
health problem of this occupational group, and is 
suffered two to three times more frequently 
 compared to farmers who work in conventional 
swine housing units or in agricultural operations 
other than swine or poultry production (113). 
Symptoms are similar to bronchitis from other 
CLLC exposures but perhaps more common and 
severe. Symptoms include chronic cough, with 
excess production of phlegm and sometimes 
chronic wheezing and chest tightness. Smokers 
experience a greater prevalence and severity of 

Table 3.10 Acute symptoms of swine confinement 
workers (40, 87, 102, 107, 115)

Symptom Prevalence (%)

Cough 67
Sputum or phlegm 56
Scratchy throat 54
Runny nose 45
Burning or watering eyes 39
Headaches 37
Tightness of chest 36
Shortness of breath 30
Wheezing 27
Muscle aches and pains 25
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chronic bronchitis than do non‐smokers. Most 
workers removed from the confinement house 
environment become asymptomatic (in the 
absence of smoking) within a few months, but 
bronchitic symptoms can persist for years in some 
workers.

Although irreversible airways obstruction has 
not been a common finding in confinement 
house workers, there is objective evidence that 
long‐term lung damage may occur (63,  133). 
Pulmonary function studies show evidence of air 
trapping in the lung s (63)suggestive of impend
ing COPD and risk for emphysema. Lavage stud
ies of bronchial fluids and sputum studies show a 
persistent leukocytosis, with inflammatory and 
epithelial cells (134,  135). Baseline pulmonary 
function studies (FVC, FEV1) of healthy confine
ment workers usually do not differ significantly 
from those of workers in conventional swine 
buildings (10,  114). However, flow rates at 
25–75% of lung volume (FEF25–75) are signifi
cantly lower. Furthermore, work shift declines in 
FEV1 and flow rate values are seen in most con
finement house workers following a 2–4 hour 
exposure (136). In addition, the severity of 
chronic bronchitis symptoms increases in work
ers with a longer history of confinement house 
work (112, 113). Work shift decrements in vol
umes and flow rates are predictive of future 
declines in baseline flow rates and lung volumes 
(63,  133). A prospective study of a cohort of 
swine CAFO workers revealed a decline in PFT 
flow rates over time with increasing evidence of 
obstruction (125). These findings lend further 
suggestion that COPD may occur among these 
workers in future years (63). Although end‐stage 
lung disease in CAFO workers has not been sys
tematically studied, the authors are aware of 
many anecdotal case studies where workers have 
quit because of health reasons. One study of 
owner‐operators revealed a dropout rate of 10% 
over a 6‐year period for respiratory health reasons 
(112). Another study of swine producers revealed 
a high drop out of swine producers who devel
oped PFT‐documented airway obstruction (137). 
Experimental animal studies have shown that 
long‐term CAFO exposures create a risk for 

pneumonia, pleuritis, and bronchial epithelial 
inflammation and necrosis (33, 80).

Relative to the work‐exposure time and devel
opment of symptoms, there are some important 
points that should be communicated to workers 
and managers. As described above, cross‐sectional 
studies have shown that chronic respiratory 
 conditions on average are recognized after 6 years 
of 2 or more hours per day of work in CAFOs. 
However, as livestock production has become 
more specialized, workers may spend 8 or more 
hours per day working in CAFOs, therefore 
chronic symptoms may occur in less time. 
However, the experience of this author (KJD) 
bolstered by surveillance of new workers (87) 
indicates that 10–20% of those who have not 
previously worked with swine experience acute 
symptoms within the first few days of work. 
These symptoms may include cough, chest tight
ness, and malaise; symptoms of mild ODTS. 
This response is likely due to the individual’s vari
ant genetic polymorphism regarding the endo
toxin response, as previously described. If 
symptoms persist in these workers, even with 
appropriate efforts at exposure reduction, then it 
may be advisable for them to leave that employ
ment. On the other hand, there is an accommo
dation phenomenon in that the symptoms of 
some workers may dissipate with time, which is 
thought to be the result of down‐regulation of 
the innate immune system (87).

Although dust exposure is the most common 
hazardous exposure in CAFOs, the most dra
matic acute response results from exposure to 
H2S. At moderately high concentrations (100–
400 ppm), the irritating properties of H2S 
 produce rhinitis, cough, dyspnea, tracheobron
chitis, and possibly pulmonary edema. At higher 
concentrations (400–1500 ppm), H2S will cause 
sudden collapse, respiratory paralysis, pulmonary 
edema, and death. An acutely exposed person 
(500–1000 ppm) or a chronically exposed person 
(50–200 ppm) may have a delayed response of 
acute respiratory distress (pulmonary edema) 
within the next 24–48 hours. Such exposed 
 persons should be medically monitored closely 
for up to 48 hours. Additional to its irritant qualities, 
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H2S is a general cellular toxin that works by dis
rupting the cellular metabolic system and has a 
predilection for the central nervous system. At 
least 25 deaths of confinement workers in the US 
have been reported from this exposure through 
2005 (36,  101). Often multiple deaths occur 
during exposure events, as would‐be rescuers 
become victims. Autopsy reports of victims have 
reported aspiration of the liquid manure (111). 
However, this is probably not the cause of death, 
but may be a sequelae of the H2S intoxication.

3.4.6 Diagnosis
As described previously, a detailed occupa
tional history (see Tables 3.10 and 3.11) is of 
primary importance to achieving a diagnosis of 
an agricultural dust‐related illness. Patients’ 
responses to confinement dusts are variable, 
and one or more condition may occur simulta
neously (e.g., chronic bronchitis, occupational 
asthma, and sinusitis). A new worker may ini
tially react with flu‐like symptoms, which may 
reside within a week or two. Veteran workers’ 
chronic symptoms of bronchitis, MMI, MMS, 
and NAALC are most likely related to their 
work exposure if:

1. they have been working in the building for 
more than 2 hours per day for 6 years, or 3 
years full‐time

2. the patient’s symptoms subside while away 
from work for a couple of days or more

3. the symptoms exacerbate on return to work 
from a few days off on the first day, and dimin
ish over a week

4. the patient complains of a continuous head 
cold that won’t go away

5. the patient complains of lasting fatigue in 
combination with the symptoms

6. the patient thinks they are allergic to the dust 
(but are negative atopic status)

7. the patient complains that the building envi
ronment seems poorly ventilated and very 
dusty with an ammonia smell

8. the environmental assessment of the work 
place is conducted and dust is found at greater 

than 2.5 mg/m3, and ammonia greater than 
7 ppm.

For patients with occasional acute ODTS 
symptoms beginning 4–6 hours following a task, 
a positive occupational history might include the 
following:

1. They have been moving and sorting animals, 
catching and loading poultry, or rototilling lit
ter in a poultry building.

2. They have been power washing the building 
inside.

3. They have been using a leaf blower to blow 
dust off the poultry cages or pig pens.

4. If they are a dairy farm worker, they have been 
using a bale shredder to blow straw bedding 
into cattle‐loafing stalls.

Patient management should include a medical 
assessment for safe use of respirators (free of car
diopulmonary conditions, no history of claustro
phobia, proper selection and fit). A personal and 
family medical history should include questions 
on allergies, asthma, heart conditions, and hob
bies or personal habits (such as smoking) that 
might complicate the work exposure. Have envi
ronmental assessments been conducted? A work 
air‐quality environment assessment would be 
helpful, and maximum concentrations should be 
under the current research recommendations 
given in Table 3.8. PFTs may be useful. Lowered 
volume and flow rates (FEV1 and FEF) over the 
work period of 5–30% are common in sympto
matic workers in CAFOs. Less commonly, 
decreases of 5% or more in volumes (FVC) over 
the work period may be seen. However, baseline 
PFT values may be normal. A decreased tolerance 
to methacholine challenge is common. Dermal 
prick tests for suspected feed or swine allergens 
are usually negative.

Table 3.11 summarizes the primary respiratory 
conditions associated with swine confinement 
dusts and gases. Conditions provoked within 
other types (animal species) of confinement 
buildings may be similar, but typically less severe 
and less common.
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3.4.7 Treatment
Medications may alleviate the symptoms but 
not  cure chronic respiratory conditions of 
CAFO workers. Only elimination of exposure 
can lead to cure. Acute symptoms are medically 
treatable (ODTS, asthma, pulmonary edema 
from H2S intoxication). Bronchitis and NAALC 
may respond temporarily to enteral or inhalant‐
administered bronchodilators and/or corticoster
oids. Details of these treatments, specific control 
measures, and the prognosis for these illnesses 
are listed in Table 3.11.

Medical treatment and cure must be accompa
nied by reducing exposures to dust and gas by 
management and engineering controls, appropri
ate use (selection and fitting) of respirators, and/
or temporary removal from the work site. In order 
to reduce dusts and gases, a patient may need to 
contact an extension agent or consult a veterinar
ian or agricultural engineer who has knowledge 
of environmental control or knowledge for refer
ral to such personnel. Monitoring air quality in 
these buildings is essential to ensure a healthy 
work environment. Minimum assessment includes 
ammonia and total dust (mass not just particle 
counts) twice yearly; at least once in cold weather 
conditions. Contaminant concentration should 
be below those levels listed in Table 3.8.

Healthcare providers should direct CAFO 
workers who smoke to a smoking cessation pro
gram. Healthcare providers must be cognizant of 
the patient’s emotional wellness in addition to 
their physical problems. Recommendations to 
leave farming are rarely necessary and should only 
be given once the cause and prognosis of illness 
have been determined and other avenues of con
trolling harmful exposures have been fully 
explored. Guidelines for healthcare providers 
dealing with CAFO workers include: (1) if the 
patient has severe symptoms, a 2–3 week “vaca
tion” from the work environment with PFT 
before and at the end of this time might be indi
cated, (2) reducing work periods to 2 hours or 
less per day may help, (3) fit and instruct the 
patient on wearing an appropriate respirator, 
(4)  apply a temporary course (2–3 weeks) of 

inhaled steroid and/or bronchodilators, (5) make 
contacts for arrangement and assessment of the 
work environment and controls as indicated for 
dust to achieve concentrations below 2.5 mg/m3 
of dust and 7 ppm of NH3, and (6) monitor the 
patient’s symptoms and pulmonary function at 
least annually.

Farmers are becoming increasingly concerned 
about confinement‐associated respiratory con
ditions. A healthcare provider can explain 
potential long‐term respiratory conditions but 
also instill confidence regarding maintenance of 
the farmer’s health status so that they can con
tinue with their livestock operation. Annual 
monitoring of the patient’s respiratory status 
may be reassuring to many patients and may 
encourage behavior changes in the patient to 
institute environmental control measures and 
comply with proper selection and use of 
respirators.

3.5  Oxides of Nitrogen (“Silo Gas”)

3.5.1 Introduction
Oxides of nitrogen (NOx or silo gas) are produced 
during the ensilage process by bacterial action on 
nitrates stored in the plant material. The main 
occupational health hazards are associated with 
work inside non‐airtight tower silos (Figure 3.5). 
NOx may also be produced in other storage facili
ties, such as silage pits and plastic agricultural 
bags. These, however, have minimal occupational 
hazard for NOx exposure as they are handled out
doors, not in an enclosed space. NOx gases are 
strong irritants. If inhaled, they can cause injury 
to the respiratory system (silo filler’s disease), 
including bronchial irritation, pulmonary edema 
and bronchiolitis obliterans (delayed), or sudden 
death. If the exposed individual survives the acute 
episode, he or she may develop diffuse pulmonary 
fibrosis. Workers may be exposed when they 
enter a confined space where the gas collects, 
such as when entering a silo, the silo chute, or an 
adjacent feed room where the silo chute opens. 
The formation of NOx gases occurs during the 
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first 10 days following filling of the silo. Details 
of silo gas formation are given below.

3.5.2 Oxides of Nitrogen on the Farm
Silage commonly constitutes a major portion of 
the feed ration for ruminant livestock, including 
beef and dairy cattle. Alfalfa silage may also be fed 
to sheep. Silage is chopped green plant material, 
which may include whole corn plant, sorghum, 
alfalfa, oats, and grass among others, that is stored 
in a manner allowing anaerobic fermentation to 
occur. The fermentation process results in the 
formation of short‐chain fatty acids, which low
ers the pH of the plant material to the point that 
inhibits unwanted microbial growth, thus pre
serving the fodder.

Oxides of nitrogen are produced (138, 139) 
through microbial oxidation of nitrogen com
pounds in green chopped plant material. Four 
oxides of nitrogen (collectively referred to as 
NOx) are found in silo gas: nitric oxide (NO), 
nitrogen dioxide (NO2), nitrogen tetroxide 
(N2O4), and nitrous acid (HNO2). Of these 
compounds, NO2 and N2O4 are the primary 
health hazards due to their strong irritant prop
erties (139). Concentrations of NOx reach a 
maximum in 1–3 days following storage of the 
chopped plant material, after which produc
tion continues at a decreasing rate for 1–20 
weeks (140). Both NOx and carbon dioxide are 
produced simultaneously. Both gases are heav
ier than air and may lie at or near the silage 
surface and in depressions in the silage, where 
they displace oxygen, or flow down the silo 
chute through doors left open at the silage 
level, like water flowing downhill. NOx may 
concentrate at the base of a silo, in an adjoin
ing feed room, or within the chute (see 
Figure 3.15) (140, 141).

Higher NOx production is associated with 
certain crop management and weather condi
tions (e.g., corn silage, heavy nitrogen fertiliza
tion of crops, stressed plants in drought or rain 
prior to harvesting, damage to leaves or roots, 
cloudy weather, and harvesting after a frost) 
(138–140).

3.5.3  When are Farmers Exposed 
to NOx?

Expect exposure to NOx to occur around time of 
silage harvest (typically late summer or early fall). 
(Haylage and oatlage may be harvested in sum
mer, corn silage in late summer or early autumn.) 
Typically, a worker climbs the ladder in the chute 
and enters the silo to level silage to enhance stor
age capacity, and to “cap” the silage by putting a 
plastic sheet over the material before adding an 
extra layer of 6–12 inches of silage on top of the 
plastic. This is done to stop oxygen entering the 
silage, enhancing the anaerobic fermentation 
process. Additionally, workers may enter a silo 
to  feed silage out to animals, to prepare a silo 

Air

Air

Air

Nitrogen
tetroxide

Nitrogen
dioxide

Nitric
oxide

Nitrous
acid

Drain Blower

Feed room

Feed
chute
and

doors

Barn

(N2O4)
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(NO2)
brownish red

gas

(NO)
coloreless gas

Figure  3.15 The formation of nitrogen 
oxides in a non‐airtight silo shortly after it is filled. 
(Source: United States National Library of Medicine, 
National Institutes of Health, http://www.nlm.nih.gov/.)
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unloading machine for use, or to check on the 
level of silage. All of these tasks are potentially 
fatal when attempted soon after filling or when a 
silo has not been ventilated adequately.

Because lower concentrations of NOx are not 
highly irritating farmers may work in atmos
pheres with low to moderate NOx concentrations 
for hours without detecting danger. However, 
gases at these levels can be causing injury to the 
lungs and airways without the exposed person 
knowing. The high carbon dioxide and low oxy
gen atmosphere in the environment induces deep 
breathing, which speeds penetration of NOx into 
the lungs, where the gas causes damage. When 
NOx concentrations are high, a worker may 
become too weak to get out of the silo without 
assistance. The danger is increased when move
ment of a worker releases gases trapped in the 
silage, or when a worker enters or falls into a cav
ity in the silage. Gases concentrated in adjacent 
buildings or at the base of the silo may be inhaled 
by bystanders, children at play, or livestock.

3.5.4 How is NOx Detected?
Nitrogen dioxide can be detected by its bleach‐
like odor and yellow to reddish‐brown color, 
which may be seen as a cloud, or by red‐brown 
stains on nearby objects (the silage surface, silo 
wall, base of the chute, or other structures). Other 
oxides of nitrogen may not be observable, but can 
still be harmful. Dead birds or insects may lie at 
the base of the chute or near the silo.

3.5.5  How Common are Farmer 
Exposures to NOx?

Medically‐diagnosed cases are not common and 
represent only a small percentage of actual cases. A 
study in New York State estimated an annual inci
dence rate of 5/100,000 (142). An unpublished 
survey in the late 1960s revealed that 4.2% of 
Wisconsin farmers had developed symptoms of 
NOx inhalation when working in or near recently 
filled silos (138, 143). The severity of the hazard 
rests partially in the high case fatality rate. One 
case review reported a fatality rate of 29% (138).

3.5.6  Respiratory Effects of Oxides of 
Nitrogen

Reactions to NOX depend on the concentration, 
length of exposure, and specific type of NOx. 
Methemoglobinemia may result from NO2 
inhalation (40% of cases in one review) as the 
gas is converted to nitrite in the lungs and 
absorbed into the blood (139). However, the 
primary health effect is direct tissue damage 
from nitric acid formation in the airways and 
lung tissue. Relatively mild exposure to NOx 
produces ocular irritation and transient respira
tory tract symptoms manifest as cough, possibly 
with dyspnea, fatigue, nausea, cyanosis, vomit
ing, vertigo, or somnolence, and lasting for up 
to 2 weeks. Mild symptoms may not force work
ers to leave the silo, thus increasing their proba
bility of a latent severe reaction. Chest films, 
PFTs, and blood gases may be normal in mild 
exposures, with complete recovery. High con
centrations of NOx induce immediate distress, 
resulting in collapse and death within minutes. 
Death may be due to airway spasm or laryngo
spasm, reflex respiratory arrest, or simple 
asphyxiation due to low ambient oxygen concen
trations (138,  140,  144). Pathogenesis includes 
acid damage to the peripheral (primarily the 
lower) airways, bronchioles, and alveoli, result
ing in exudation and thickening of alveolar walls 
with lymphocytic cellular infiltrates. People 
who survive may experience one or both of two 
possible delayed respiratory responses: (1) 
 pulmonary edema (normally within 48 hours 
 following exposure) and (2) bronchiolitis oblit
erans (within days to weeks). At the time of 
exposure patients may have minimal symptoms. 
However, it is possible a slowly evolving and 
progressive inflammation of the lungs may 
result in massive, possibly fatal, pulmonary 
edema from 6 to 24 hours later. In a small per
centage of cases, recovery from this first phase of 
illness may appear to be complete, only to be 
followed 2–4 weeks later by a relapse characterized 
by bronchiolitis obliterans (a fibrocellular block
age of the small airways). Such a relapse may be 
fatal or result in a slow recovery over a period of 
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weeks or months with a varying degrees of 
 diffuse permanent pulmonary fibrosis and small 
airways obstruction (145).

3.5.7 Diagnosis
Patients in the acute stages of silo filler’s disease 
may present with moderate to severe respiratory 
distress, hypotension, and hemoconcentration. 
Coughing up thin, watery sputum (edema fluid) 
is a common clinical sign associated with a high 
concentration of NOx exposure. Leukocytosis, 
methemoglobinemia, and metabolic acidosis may 
also be present (138–140,  144). PFTs show a 
reduced vital capacity, increased airways resist
ance, and impaired CO2 diffusion.

Because the initial illness may be mild, patients 
may present to a healthcare provider for the first 
time during a relapse 2–6 weeks after exposure to 
NOx. At this time cough, tachypnea, dyspnea, 
fever, tachycardia, cyanosis, or other symptoms of 
respiratory distress are likely due to bronchiolitis 
obliterans. Small, discrete nodules resembling 
military TB, with or without confluence, will be 
evident on the chest radiograph.

Silo filler’s disease may be confused with a 
number of illnesses, including hypersensitivity 
pneumonitis or ODTS (see Section 3.2). However, 
the exposure circumstances for the latter two con
ditions are entirely different. Military TB may be 
ruled out by a negative sputum smear for acid‐
fast bacillus. A detailed medical and occupational 
history is crucial for correct diagnosis. Prompt 
treatment of patients with acute symptoms is 
vital to prevent possible death and to lessen the 
probability of relapse.

3.5.8 Treatment
Any symptomatic patient who has been exposed 
to NOx should be monitored closely by a 
healthcare provider for 48 hours because of the 
possibility for sudden development of acute pul
monary edema and acute respiratory distress 
(138, 140, 145). Ready access to emergency care 
should be accessible if symptoms of respiratory 
distress develop. Exposed persons (especially if 
they have symptoms of pulmonary distress or 

edema) should be placed on steroids (20–120 mg 
prednisone/day, tapered over time) for 6–8 weeks 
to decrease the probability of latent bronchiolitis 
obliterans (139, 144, 146). In addition, those pre
senting for the first time with bronchiolitis oblit
erans should receive steroid treatment. Patients 
may require intensive supportive therapy, includ
ing oxygen, bronchodilators, and assisted 
 ventilation. Blood should be checked for methe
moglobinemia (nitrate toxicity) and treated with 
methylene blue if indicated (138, 140). Antibiotics 
may be required to treat secondary respiratory 
infections. A course of inhaled sympathomi
metics (e.g., albuterol) and anticholinergics (e.g., 
ipratropium bromide) may be helpful if symp
toms of reactive airways develop.

3.5.9  Prevention of Silo  
Filler’s Disease

Farmers must thoroughly understand the hazards 
associated with recently filled silos. Once filled, 
no one should enter the silo for at least 10 days. If 
entry is imperative during filling, the blower (silo 
filler) should be run for 30 minutes prior to 
entering the silo and kept running while anyone 
is inside. All silo doors down to the level of the 
silage should be opened, and all roof sections 
should be in place to assure proper ventilation. 
Doors between the silo room and barn should be 
kept closed. Children and animals should be kept 
away from the silo and adjacent feed room during 
filling and for 2 weeks afterward. Before being 
entered for the first time, the filler door should be 
opened from the ground (not from within the 
chute) with a rope. Passive detector tubes (also 
called colorimetric tubes) can be used to assess 
the concentrations of NOX. These tubes should 
be placed at the bottom of the silo chute. Detailed 
procedures for measuring toxic gases are given in 
Chapter 15.

Because of small silo door openings and the 
deadly nature of NOx, rescue of people inside 
a silo is extremely difficult and hazardous. Unless 
testing has been done to assure the absence of 
toxic levels of NOx, safe entrance into the 
silo  within 2 weeks of filling can only  be  
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accomplished safely with self‐contained breath
ing apparatus.

The hazard of NOx exposure is substantially 
reduced (but not eliminated) with storage in oxy
gen‐limited tower silos, bunkers, or agricultural 
bags. Although silo gas may form in oxygen‐
limited tower silos, they are bottom unloaded 
and there is little reason to enter them. Bunkers 
and agricultural bags are kept outdoors and do 
not present a confined space, so if oxides of nitro
gen form they present a low risk of exposure to 
workers.

3.6  Applied Agricultural Chemicals

Contact with certain pesticides and the chemical 
fertilizer anhydrous ammonia can have adverse 
respiratory affects on exposed agricultural work
ers. The pulmonary effects of pesticides will only 
be briefly reviewed here (see Table 3.12) as they 
are covered in more depth in Chapter 6. Certain 
fumigants, cholinesterase‐inhibiting insecticides, 
and the herbicide paraquat can threaten life 
through their acute effects on the respiratory 
tract. Fumigants, commonly used in grain stor
age facilities, agricultural commodity storage and 
transport, and as a soil sterility treatment, can 
cause laryngeal edema, bronchospasm, and/or 
pulmonary edema. Cholinesterase‐inhibiting 
insecticides can not only cause systemic poison
ing, but also respiratory depression, bronchocon
striction, and bronchorrhea. Paraquat, a 
broad‐spectrum herbicide, when ingested can 
lead to a delayed fatal malignant proliferation of 
connective tissue (fibrosis) in the lungs. The res
piratory health effects of these chemicals are sum
marized in Table 3.12 (31).

Anhydrous ammonia is a common nitrogen 
source fertilizer used in North America as well as 
other places in the world. The primary crop for 
its use is corn. Injected into soil as a gas it may 
escape the container and application equipment 
exposing workers in the vicinity, causing skin or 
eye burns, and injury to the respiratory tract. 
Stored in liquid form under very high pressure, it 

is cold (–33°C). It also is very alkaline and has an 
extraordinary affinity for water. Anhydrous 
ammonia can cause severe damage from alkali 
burns, freezing, and desiccation to any tissue it 
touches. Most injuries are to the skin and eyes. If 
sprayed into the eyes, it will penetrate the cornea 
and deeper structures, often leading to full or 
 partial blindness.

When anhydrous ammonia is inhaled (because 
of its hydroscopic nature), the ammonia dissolves 
in the mucous fluids of upper airways and 
becomes a severe irritant that may induce laryn
gospasm. Tissue damage from light to moderate 
exposure usually is limited to the upper airways. 
However, massive exposure resulting in inhalation 
deep into the lungs produces severe inflammation 
at all levels of the respiratory tract.  Pulmonary 
edema and/or bronchiectasis may follow, either 
acutely or within 48 hours. A large ammonia 
release in a confined space could produce fatal 
results or severe disabling airway disease. Chronic 
sequelae of massive ammonia exposure may result 
in chronic bronchitis, obstructive pulmonary dis
ease, bronchial hyperactivity, or bronchiolitis 
obliterans.

Many farm service and supply companies are 
located in small rural communities and they 
often have anhydrous storage and sales facilities. 
Farmers typically purchase the anhydrous ammo
nia from the local dealers in 1000 gallon (3785 
liter) wheeled “nurse” tanks. They transport the 
tank to fields where it is pulled behind a tractor 
and the anhydrous ammonia injected into the 
soil with an applicator. Farmers may be exposed 
when an applicator hose breaks or a safety valve 
malfunctions.

Rural communities may also be exposed to 
anhydrous ammonia not just in on‐farm occupa
tional exposures. Several cases of unintended mas
sive release of the chemical have occurred at farm 
service and supply companies due to damaged or 
malfunctioning storage or filling equipment. 
Furthermore, anhydrous ammonia is used as a 
refrigerant in large cooling facilities, for example in 
meat‐ and poultry‐processing plants. Many of 
these plants are located in small towns in rural 
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areas. Refrigerant leaks from these systems have 
resulted in occupational injuries and deaths among 
plant employees as well as community exposures.

3.6.1  Prevention of Agricultural 
Chemical‐induced Respiratory 
Problems

Prevention of poisonings and injuries depends on 
safe usage and storage practices, following 
approved application techniques, following safety 
and personal protective equipment (PPE) recom
mendations on the package label of the product, 
monitoring the health status of frequently 
exposed workers, compliance with governmental 
regulations, following package label safety 
instructions, and intelligent use (proper selection, 
fitting, and maintenance) of PPE (147,  148). 
General pesticide protection methods are covered 
in Chapter  6. This chapter will deal only with 
protection from fumigants.

Avoidance is the only effective technique for 
preventing fumigant poisonings. Fumigants 
intended for use inside structures must not be 
released until there are assurances the structures 
have been vacated; guards and warning signs 
should be posted around treated buildings. Slow‐
release pellets and more efficiently enclosed appli
cation systems assist in this practice. Farmers can 
avoid fumigants by eliminating the need for their 
use through storing good‐quality, dry grain in 
clean, rodent‐ and insect‐proof storage areas, 
which are monitored and aerated when necessary. 
If fumigation of farm‐stored grain or structures 
becomes necessary, it is advisable to hire a profes
sional fumigator.

As fumigants are so highly penetrable, self‐
contained breathing apparatus should be consid
ered if it becomes necessary to enter the structure. 
Note that some fumigants may penetrate the 
rubber seal of the apparatus around the face. The 
precise recommendations on the package label 
should be followed.

Prevention of exposure to anhydrous ammo
nia requires routine inspection and maintenance 
of storage, transport, and application equip
ment and proper PPE use (149). Any defects in 

hoses or valves should be immediately repaired. 
Hoses and valves should be routinely replaced at 
5‐year intervals, regardless of whether or not 
they appear safe.

PPE should include routine use of non‐ 
ventilated chemical safety goggles, cuffed neo
prene or rubber gloves, and long‐sleeved shirt, 
pants and boots. In the case of eye or skin expo
sure, the victim must continuously flush affected 
areas with water for several minutes. By law (US) 
a 5‐gallon (20‐liter) tank of water must be stored 
on the nurse tank for emergency purposes. The 
operator should carry a bottle of water in his or 
her pocket for immediate access.

3.7  Zoonotic Infections Causing 
Respiratory Disease

About 25 of the over 250 known zoonotic infec
tious diseases (infections common to animals and 
man) are considered to be a significant occupa
tional hazard to agricultural workers in western 
industrialized countries. Of these, approximately 
eight may affect the respiratory tract, includ
ing bovine TB, histoplasmosis, hydatidosis, 
Newcastle disease, ornithosis, Q fever, swine 
and avian influenza, methicillin‐resistant 
Staphylococcus aureus (MRSA) and tularemia.

These zoonotic diseases can be transmitted 
directly to humans from live animals, their car
casses or byproducts (wool, bone, hides), or indi
rectly through the environment where certain of 
these organisms survive for extended periods. 
Humans as well as animals may serve as reservoirs 
for three of these infections (tuberculosis, influ
enza, and MRSA), which may be transmitted 
from humans to animals and back again from 
animals to humans. High‐risk groups for these 
infections include farmers and ranchers, farm 
workers, veterinarians, slaughterhouse workers, 
animal transporters, and those who process 
 animal products. These eight zoonoses are 
 covered in more detail along with other zoonoses 
in Chapter 13 (see Tables 13.1, 13.2, and 13.3). 
This author (KJD) recommends the following 
prevention practices where history suggests an 
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infectious zoonotic disease hazard exists. For 
some infections (e.g., histoplasmosis, ornithosis, 
fever) blood should be drawn and serum frozen 
for possible future serological testing if a febrile 
illness is presented. (A rise in serologic titer from 
baseline would enhance a rapid diagnosis of some 
zoonotic infections that are often difficult to 
diagnose.) Potential workers in dairy farms (espe
cially those from countries with high TB rates) 
should be tested for TB prior to employment, as 
human TB can be transmitted to cattle and then 
back to other workers. New workers in swine 
farms should be tested for MRSA by nasopharyn
geal swabs (culture or PCR) prior to work, as they 
may transmit MRSA to swine. Swine and poultry 
workers should be immunized yearly for current 
influenza strains to assist in prevention of 
 influenza transmission between people and pigs 
or poultry.

3.8  General Preventive Measures 
for Agricultural Respiratory 
Illnesses

Preventive recommendations for specific expo
sures were briefly discussed in Sections 3.2–3.7 of 
this chapter. The following section provides a 
general comprehensive programmatic approach 
to preventing agricultural respiratory conditions, 
with emphasis on agricultural dust hazard 
prevention.

3.8.1  General Strategies for 
Prevention of Agricultural  
Dust‐induced Illnesses

Prevention of excessive exposure to agricultural 
dusts is advisable for all farmers, and imperative 
for farmers sensitized to components of agricul
tural dust that cause allergic asthma or FL. 
Prevention should take a multi‐faceted approach, 
based on the principles of the multiple modal 
(Iowa model) of prevention, as described in 
Chapter  15. This generic paradigm is a “total 
worker health” approach for prevention and 
includes the following:

1. medical monitoring and control of basic health 
parameters (e.g., BMI, cholesterol, blood pres
sure, smoking cessation) and occupational‐
induced deficits (e.g., hearing, pulmonary 
function)

2. environmental control, including emission 
control (keeping dust from emitting in the 
working environment)

3. removing or diluting dust in the air
4. modifying work processes to decrease expo

sure by assigning or choosing jobs that 
decrease exposure for sensitive individuals

5. protecting the individual with PPE (e.g., a 
respirator)

6. educating the workers on occupational health 
and safety practices.

These factors are listed in order from highest 
to lowest effectiveness, although economic and 
operational aspects may affect this order. 
Preventing generation of the dust at its source, 
through engineering and management interven
tions, has high priority, then removal or dilution 
if dust reaches the worker’s breathing zone (e.g. 
ventilation). If acceptable exposures cannot be 
attained by these means, PPE should be consid
ered. Case studies have shown that some dairy 
farmers with a history of FL have successfully 
managed their illness by wearing a respirator reg
ularly and delegating tasks with potential high 
exposure to bioaersols to other workers (146). 
Other farmers with predisposing conditions have 
undertaken more dramatic steps, including elimi
nating major sources of dust by installing airtight 
silos, bunker silos, or agricultural bag technolo
gies (in place of conventional non‐airtight tower 
silos), mechanizing cattle‐feeding systems, and 
installing more effective ventilation systems in 
the barn. Newer hay‐processing and storage sys
tems are now available that reduce microbial 
growth and allow material handling mechanically 
outdoors rather than in barn‐confined spaces. 
Robotic milkers and barn cleaners are now avail
able which also reduce dust exposure for dairy 
workers. Although very expensive, this equip
ment allows sensitized farmers to stay working 
on the farm.
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3.8.2 Emission Control
As health hazards of agricultural dusts increase 
with the concentration of microbial content, 
preventing microbial growth in feedstuffs is an 
important prevention strategy. Capping silage 
with a plastic sheet held in place by rocks or a 
heavy chain (rather than additional plant mate
rial) reduces the mold and dust in the top lay
ers of silage. Grain and hay should be dried to 
less than 15% and 20% moisture content, 
respectively, before storage. Commercial hygro
meters are available to measure the moisture 
content of grain and hay to take the guesswork 
out of determining the optimum time and con
ditions for storage. Hay and silage additives are 
available that purport to reduce microbial con
tamination as well as improving feed quality. 
However, there are many instances when 
microbial growth cannot be prevented. For 
prevention of aerosolization of microbe‐laden 
silage when silo caps are removed, a minimal‐
cost option is to wet down the top layer of 
silage prior to unloading the first layer of mate
rial. The silo‐loading blower may be run to 
force air into the silo to help dilute contami
nants once the dust or silo gas is generated. 
Respiratory PPE must be considered an impor
tant adjunct in prevention when engineering 
and management methods are not completely 
successful. (Chapter 15 provides guidelines for 
the selection and fitting of respirators.)

Additional controls on the farm now include 
machinery improvements such as combines or 
tractor cabs with air‐filtration systems. In newer 
grain elevators conveyor belts and augers are 
totally enclosed, and the grain is often misted 
with a vegetable oil as it goes into storage. Dust 
collectors (e.g., cyclone separators and bag houses 
with shaker filters) and effective ventilation 
 systems have greatly reduced dust levels in grain‐
handling operations and are now being researched 
for application in swine and poultry buildings.

Education should be a component of a com
prehensive preventive program, targeting the 
health hazards of agricultural grain dust inhala
tion. Further education for prevention should 
also include best management practices for 

growing, harvesting, and storing the grain and 
fodder, and work practices to help ensure these 
feed materials are high quality with low micro
bial, insect, and vermin contamination. When 
grain dust levels are above 4 mg/m3 (a common 
grain dust standard in many countries) or when 
workers are especially sensitive, PPE (e.g., a 
NIOSH‐certified dust mask, see Chapter  15) 
should be used.

3.8.3  Work Environment Air‐quality 
Assessment

An important component of occupational health 
is measuring the concentration of hazardous sub
stances in the work environment. Commonly 
practiced by industrial hygienists, this is uncom
mon in agricultural settings, but its popularity is 
slowly growing in production agriculture. One 
needs to know what exposures exist in work envi
ronments, and what they are. Air‐quality meas
urements should be conducted before and after 
remediation is attempted to determine if expo
sures have been reduced to safe concentrations. 
Air‐quality assessment equipment is discussed in 
detail in Chapter 15.

3.8.4 Remove Dust from the Air
Properly functioning ventilation systems in 
animal buildings may prove beneficial, albeit 
costly, in reducing dust level concentrations. 
There are dust‐filtration systems, cyclone sepa
rators, oil‐misting systems, and ionization sys
tems that can help remove dust from the air 
(150). Many of these systems are applied in 
grain elevators, but on‐farm usage is not com
mon because of the expense and extra manage
ment required.

3.8.5 Use of Respirators
There are several factors that must be considered 
when recommending the use of respirators:

1. Dust‐filtering respirators are uncomfortable 
to wear, are hot, and are difficult to breathe 
through.
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2. Respirators create difficulties in communica
tion: it is difficult to talk and to be understood.

3. Respirators may present a medical risk to 
those with a cardio‐respiratory ailment or 
those with claustrophobic tendencies.

4. Training, experience, and monitoring are nec
essary to ensure the worker has the correct res
pirator for the particular exposure, and that 
the respirator is worn and fitted properly.

5. Wearing a respirator may present a false sense 
of security (e.g., if worn in an environment 
for which it is not effective).

6. Respirators must be conveniently available at 
the exposure site or they will not be worn 
at all (151).

For these reasons the individual must be 
highly motivated to wear a respirator (152–155). 
Convenient supply and knowledgeable resource 
personnel are rare in rural areas. Although respi
rators have been shown to be helpful, they are not 
completely protective as acute pulmonary func
tion changes and biological markers of inflamma
tion are still present in workers who wear 
respirators in swine barns (156, 157). Because of 
all these difficulties with respirator use, they 
should only be considered secondary to source 
control and are just one component of a control 
program. Details of proper selection and use are 
given in Chapter 15.

3.8.6  Reassign Jobs to Protect 
Vulnerable Individuals

Workers with a history of any of the acute or 
chronic conditions previously described resulting 
from organic dust exposure should take extra 
precautions to prevent further dust exposure. 
This is especially true for those with confirmed 
FL or atopic asthma. Workers who have one or 
more of the chronic non‐allergic agricultural 
dust conditions (bronchitis, MMI, NAALC, 
MMS) can usually be protected safely with the 
appropriate interventions mentioned above, 
including appropriate and regular use of a dust 
respirator. Those who are genetically susceptible 
to endotoxin may be directed to other farm tasks 
with less dust exposure. Currently there is no 

practical objective test to identify such people, 
therefore each person’s susceptibility must be 
judged on exposure and symptom history. Note 
that this author’s experience (KJD) has revealed 
that most workers with chronic inflammatory 
conditions can be kept healthy on the job if the 
preventive procedures recommended here are 
practiced. However, these workers should be 
medically monitored annually or bi‐annually as 
described below.

3.8.7  Education of Owner/Operators 
and Workers

As will be discussed in Chapter 15, education of 
the owner/operators and workers alone is not 
very effective in long‐term prevention. Although 
farmers may be quite knowledgeable about the 
causes of acute traumatic injuries on the farm, 
they are not very knowledgeable about the 
sources and causes of illnesses on the farm. 
Education can be incorporated as a component 
of a multimodal prevention program. Education 
must be frequent and relevant. Healthcare prac
titioners and veterinarians in rural areas can 
have an important role in health education 
through one‐on‐one education to the patient or 
facilitating community education programs. 
(Chapter  15 discusses multimodal prevention 
programs in more detail.)

3.8.8 Medical Monitoring
Medical monitoring of agricultural workers 
should be considered in two circumstances: (1) 
for those with one of the allergic conditions of 
FL disease or atopic asthma and (2) for those 
working in CLLC exposure situations (e.g., 
swine or poultry confinement systems). 
Monitoring of patients with confirmed FL 
should include annual physical examination 
and assessment of symptoms, including history 
regarding dyspnea following exposure and 
exertion. Annual PFT testing and chest radio
graphs should be considered. For assessing the 
degree or progression of impairment, blood 
gases and exercise tolerance may be useful. If mod
ification of work behaviors and environmental 
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control measures do not prevent the progres
sion of symptoms and clinical signs of  FL, 
then further protection from exposure is indi
cated, including industrial hygiene  control 
and being fitted with an appropriate  respirator. 
Rarely has this author (KJD) found it neces
sary to recommend quitting farming for res
piratory health reasons. This author (KJD) has 
often consulted with farmers whose physicians 
have told them they must get out of  farming 
because they are “allergic” to farm dust. On 
second opinion examination, these farmers are 
rarely atopic, but are affected by CLLC expo
sures resulting in inflammation‐based bron
chitis and NAALC. In most cases, these 
farmers can continue to farm if preventive 
measures are taken, without further endanger
ing their health. Recommending that a farmer 
leave the farm should be done judiciously, as 
this is not a cultural, social, or economic 
option for most owner/operator farmers. 
Furthermore, studies in Wisconsin and Quebec 
have shown little difference in long‐term out
come of respiratory health for patients who 
leave farming (158).

Pre‐employment medical evaluations should 
be considered for new workers in confined live
stock, poultry, and dairy operations. Any poten
tial worker who has a history of respiratory 
symptoms or disease, atopy, pulmonary function 
abnormalities, or who smokes cigarettes should 
ideally be placed in a job where less exposure to 
dust will occur. It is advisable for these workers to 
have a pre‐employment physical that includes 
assessment of respiratory symptoms and baseline 
pulmonary function. Furthermore, these workers 
should be regularly monitored for respiratory 
health.

3.8.9 Smoking Cessation
Because of the proven additive adverse effect of 
smoking and agricultural dust exposure, smoking 
cessation programs must be recommended for 
anyone in regular contact with agricultural dust. 
This is one of the most important prevention 
actions that a healthcare practitioner can recom
mend to his or her farm patients.

3.8.10  Prevention of Occupational 
Illnesses in CAFO‐exposed 
Workers

The control of health hazards associated with 
CAFOs follows the same generic principles outlined 
in the introduction of this chapter, and discussed in 
detail in Chapter  15. A multi‐modal prevention 
model for confinement house problems, based on 
education and industrial hygiene consultation, has 
demonstrated effectiveness (10). Some specific 
examples of management practices to reduce the 
sources of dusts and gases include (150): (1) deliver
ing feed by extension spouts into covered feeders, 
rather than letting feed fall freely several feet from 
automatic delivery systems into open feeders, 
(2) using extra fat or oil in the feed to reduce dust, 
(3) sprinkling or misting the environment with 
 vegetable‐based oil, (4) regular (every 3–4 weeks) 
washing inside of the buildings with power sprayers 
(operators must use respiratory protection during 
this procedure), (5) using flooring that is self‐ 
cleaning (e.g., plastic‐coated wire mesh), and 
(6) ensuring that heating units are clean, vented, and 
functioning properly. Details of control measures 
are published elsewhere (80, 97). The effectiveness 
of control techniques can be assessed by measuring 
dust and gas concentrations. The buildings should 
be routinely monitored to ensure air contaminants 
are within healthy limits. Properly designed and 
managed ventilation will help to reduce dust and 
gases inside CAFOs, but it may not reduce contami
nates to recommended levels, especially in cold 
weather. A number of engineering techniques (e.g., 
the use of heat exchangers, which allow increased 
ventilation while capturing some “waste” heat) have 
been tried with varying degrees of success (102).

Respirators should be used as an adjunct to source 
control. Anyone working in or visiting a swine or 
poultry confinement house for 2 or more hours per 
day should be advised at a minimum to wear a 
NIOSH‐approved two‐strapped dust mask. People 
exposed to houses with high dust or gas concentra
tions or who have respiratory conditions may need to 
use a more efficient r espirator, such as a half‐mask 
cartridge (NH3 cartridge with dust cap) or powered 
air‐supplying respirator (e.g., Air Helmet). (Detailed 
discussion of PPE use is given in Chapter 15.)
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Preventing exposure to high concentrations of 
H2S from manure pits includes general safety 
measures such as constructing manure pits out
side the confinement building, constructing 
openings or attaching anchor points and chains 
so that lids or other objects cannot fall into the 
pit requiring a worker to enter the pit for retrieval, 
and erecting safety guards and warning signs 
around open pits. Whenever a pit that is under a 
confinement house is being agitated, people must 
stay out of the building, ventilation of the house 
should be maximized, and animals should be 
removed or observed from outside the building.

Even when not being agitated, manure pits can
not be entered safely. If entrance is imperative, con
fined space entry procedures must be followed 
(entering person affixed with proper harness and 

tethered security with resources to retrieve the per
son). Adequate PPE protection is only assured 
when self‐contained breathing apparatus is worn 
by an individual trained in its use. All operators 
should understand that high concentrations of H2S 
cannot be smelled and that H2S above 1000 ppm 
produces unconsciousness and respiratory arrest in 
only one to three breaths. A variety of H2S gas 
alarms can give an accurate indication of hazard.

Poor air quality in the confinement house has 
also been shown to be associated with health 
 problems and lowered productivity in the swine 
(80). Informing a swine producer of this economic 
fact may be the most expedient way to bring about 
environmental improvements that will help the 
workers, the animals, and the economics of the 
operation.

Key Points

1. Respiratory conditions, when combined 
with their frequency and potential disabling 
outcomes, are one of the most important 
occupational health conditions of farmers 
and farm workers.

2. The risk factors of hazardous respiratory 
 exposures include:
a. working inside livestock buildings and 

other agricultural structures that allow 
concentration of exposures (e.g., livestock 
and poultry confinement buildings, dairy 
barns, silos, manure storages structures, 
and grain storage structures);

b. exposure to dust with high concentra
tions of microbes, cigarette smoking, 
atopic status, other concurrent respira
tory or cardiac conditions.

3. The knowledge and ability to gain an  accurate 
occupational exposure history is critical in 
establishing a potential health issue, and in 
diagnosis and prevention (see Table 3.13).

4. Exposure to agricultural organic dusts is a 
 hazard that frequently results in a common 
 syndrome or cluster of conditions regardless 
of the specific source of the dust. The specific 
condition(s) and severity vary somewhat 
depending on the individual’s biological 

 variation and the concentration of dust and 
time of exposure. Periodic acute moldy and 
massive (PAMM) exposures result commonly 
in organic dust toxic syndrome (ODTS) and or 
rarely farmer’s lung (FL). Chronic lower‐level 
concentrations (CLLC) may result in one and 
usually several of the following: bronchitis, non‐
allergic asthma‐like condition (NAALC), 
mucous membrane irritation (MMI), or 
Monday morning syndrome (MMS). These 
conditions are primarily diseases of the a irways, 
not lung tissue. These conditions are largely irri
tant and inflammatory, not allergic. Endotoxin 
is the known primary causative agent of several 
irritant/inflammatory agents in agricultural 
dust. Its origin is the cell wall of Gram‐nega
tive bacteria.

5. Gas exposures include ammonia and hydro
gen sulfide in livestock confinement buildings. 
Ammonia is an irritant, as is hydrogen sulfide. 
The latter in high concen trations can be 
lethal and is often secondary to the agitation 
of  liquid manure in storage structures. 
Anhydrous ammonia is a fertilizer injected 
into soil and can be extremely damaging to the 
respiratory system as well as skin and eyes if a 
farmer is exposed to high concentrations. 
Certain fumigant pesticides used in grain or 
soil can cause severe respiratory injury, with a 
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Table 3.13 Agricultural respiratory disease occupational history

Pertinent questions that suggest an agricultural‐occupational relationship to one or more of the following: (1) one or more of 
the components of mucous membrane irritation, including sinusitis, rhinitis, pharyngitis, laryngitis, and thracheitis, (2) 
subacute or chronic bronchitis, (3) asthma‐like condition, or (4) Monday morning syndrome.
1. Do you have regular dust exposure (>2 hours/day and >6 years)?

a. Working with livestock inside buildings?
i. Dairy barns
ii. CAFOs

1. Swine CAFO
2. Poultry CAFO (chickens or turkeys)

b. Working with grain handling?
i. Moving and storing grain, such as in a grain elevator
ii. Grinding and mixing animal feeds

Pertinent questions that suggest an agricultural‐occupational relationship to one or more of the following: (1) acute bronchitis or 
(2) a generalized febrile condition with symptoms of organic dust toxic syndrome, hypersensitivity pneumonitis or pneumonia.
1. 2–6 hours before these symptoms began, were you involved in any of the following activities that may have resulted 

in a heavy exposure to an agricultural dust?
a. Unloading a non‐airtight silo (removing the moldy layers from the top of the silage)
b. Moving or handling grain that may have been moldy
c. Cleaning out a grain bin
d. Breaking open/handling straw or hay bales that were spoiled
e. Using a bale shredder to prepare animal bedding
f. Moving, sorting, or loading swine or poultry in a confinement building
g. Using a leaf blower to clean dust from surfaces in a swine or poultry building
h. Using a high‐pressure washer to clean in a swine or poultry building
i. Moving or handling wood chips or sawdust that may have been spoiled

2. Have you been using a welder, and were any of the metals you were working with galvanized?
3. Have you been working in or around bird roosts (pigeons or starlings, etc.), an old poultry house, hayloft, or silo in 

the past 10 days?
4. Have you been working with sick poultry in a confined space or in turkey processing in the past 10 days?
5. Have you been administering aerosolized poultry vaccines (particularly Newcastle virus) in the past 10 days?

Pertinent questions that suggest an agricultural‐occupational relationship to one or more of the following: difficult breathing 
related to pulmonary edema or laryngeal edema.
1. Have you been working with or around liquid manure storage, or moving or pumping liquid manure (within the 

past 48 hours)?
2. Have you been working with or around fresh (within 10 days of cutting) silage, particularly in a non‐airtight silo?
3. Have you been working with or around grain or pest fumigants such as methyl bromide or phosphine in the past 

48 hours?

CAFO, confined animal feeding operations.

possible fatal outcome. Oxides of nitrogen 
(NOx) are produced in freshly stored silage 
and present a potential respiratory hazard to 
those entering a non‐airtight tower silo within 
the first 10 days of filling. It is a highly irritant 
gas that can cause extensive tissue destruction 
to the lower airways and lung tissue. Paraquat, 
a broad spectrum herbicide, if ingested, can 
cause a progressive malignant pulmonary 
fibrosis.

6. Prevention requires more than awareness‐
level education. It requires a multi‐modal 

program approach that includes reduction in 
source of exposure through engineering, 
substitution, alteration of work practices, 
medical monitoring, and judicious use of 
properly selected and fitted respirators.

7. Diagnosis and secondary prevention of any 
of these agricultural respiratory conditions 
depends largely on an understanding of agri
cultural processes and exposures l eading to 
ascertainment of an accurate and detailed 
occupational history (see Table 3.13) and its 
interpretation.
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4

4.1 Introduction

Agricultural workers as well as other rural residents 
frequently come into contact with agents capable 
of causing skin diseases. The principal agents of 
skin disease in the agricultural environment are 
plants, insects, pesticides, sunlight, heat, and 
infectious agents (1). The weight of evidence in 
the peer‐reviewed literature indicates that skin 
disorders are the most common occupational 
health concern of farmers and farm workers, but 
they are not the most common disabling condi-
tion. A group of European dermatologists have 
reviewed available surveys that have reported 
yearly prevalence rates of hand and arm derma-
toses varying from 8% to 37% of farmers (2, 3). 
The Farm Family Survey study in the United 
States (383 males and 265 females) revealed an 
overall incidence of contact dermatitis of 10% in 
men and 14% in women (4). The available 
 incidence surveys of occupational skin diseases 
among farmers are varied in quality, sensitivity, 
and specificity. Recognizing the need to have 
 better, more standardized data, a group of 
European dermatologists developed the Nordic 
Occupational Skin Questionnaire (2). Use of this 

instrument (available in English and several other 
European languages) provides a clear and compa-
rable picture of skin conditions among differing 
populations.

In a California study, the highest rates of occu-
pational skin diseases were found in farm workers 
relative to comparison populations (5). Several 
surveys of North Carolina farm workers revealed 
a prevalence of skin conditions generally, ranging 
from 12% to 100% of surveyed populations, 
with 15% reporting hand dermatoses (6–8). 
Furthermore, 34% of a cohort of North Carolina 
farm workers reported symptoms of dermatitis at 
the end of the growing season (9).

Farm and rural‐associated skin diseases can be 
classified into five major categories:

1. contact dermatitis
2. infectious dermatitis
3. arthropod‐induced dermatitis
4. sun‐induced skin conditions
5. skin disorders related to heat, cold, and 

humidity.

This chapter describes the type of conditions, 
diagnosis, treatment and prevention of skin 
 diseases in each of these five categories.
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4.2 Contact Dermatitis

Contact dermatitis is by far the most common 
type of occupational dermatitis, especially in agri-
cultural and rural settings. Contact dermatitis 
can be divided into the following categories:

1. irritant contact dermatitis
2. allergic contact dermatitis
3. photoirritant contact dermatitis
4. photoallergic contact dermatitis.

Of the different forms of contact dermatitis, 
irritant contact dermatitis is the most common in 
agricultural occupational settings, distantly fol-
lowed by allergic contact dermatitis and photo-
contact (irritant or allergic) dermatitis.

4.3  Clinical Picture of Contact 
Dermatitis

Irritant contact dermatitis may be divided into 
two types: acute and chronic or delayed. Acute 
irritant contact dermatitis results from a single 
contact with a strong substance, causing a reac-
tion similar to a burn. Erythema, blistering, and 
ulceration occur soon after contact. Most irritant 
contact dermatitis, however, is chronic or delayed 
after prolonged or repeated contacts. Erythema, 
increasing dryness, and thickening as well as 
patchy hyperkeratosis are frequent characteristics. 
Itching and painful fissuring are also common 
symptoms. There is large individual variation in 
the clinical picture. Contact with oil or grease 
may result in a pustular irritant dermatitis with 
acneiform (acne‐like) characteristics. Repeated 
rubbing may result in a thickened psoriasis con-
dition known as lichen simplex chronicus (thick-
ening of the skin inflamed and exacerbated by 
chronic scratching). Polyhalogenated biphenyls, 
dioxin, and related chemicals may induce chlo-
racne (a condition with multiple black‐headed 
pimples).

Allergic contact dermatitis may appear immedi-
ately (acute) or after some time (delayed or 
chronic). In the acute form lesions appear within 
minutes or a few hours following exposure. Acute 

allergic contact dermatitis often begins with an 
erythematous (red and inflamed appearing) rash. 
Papule‐formation and blistering is common. 
Itching is always a prominent symptom. Swelling 
and reddening may be a prominent sign. If this 
reaction occurs in the hands, severe swelling may 
impair circulation and nerve supply, creating a 
medical emergency. Corticosteroids and osmotic 
diuretics (e.g., IV mannitol) therapy may be 
 necessary to preserve tissues and digits.

Delayed or chronic allergic contact dermatitis 
(more common than acute form) results from 
continued exposures to an allergen over days 
or months. Lesions may appear similar to non-
allergic contact dermatitis.

Besides the hands, another common location 
for allergic contact dermatitis is in the periocular 
region (around the eyes), where airborne particu-
lates may accumulate from burning crops or aero-
solized plant material (e.g., rhus plants, i.e., 
poison ivy). Symptoms include redness and swell-
ing around the eyes, and if severe, lesions may 
include larger areas of the face. Rhus dermatitis is 
covered in more detail later in this chapter.

It is often impossible to separate chronic 
 allergic contact dermatitis from irritant contact 
 dermatitis based only on the clinical presenta-
tion. A detailed occupational history can be very 
helpful in diagnosis, but a definitive diagnosis 
of allergic contact dermatitis must be done using 
patch or prick testing.

Photoirritant or photoallergic contact dermatitis 
results following skin contact with certain agents 
which when exposed to sunlight change chemical 
form to an irritant or allergen. The clinical 
appearance of these forms is similar to that of 
other irritant or allergenic forms of dermatitis, 
but has a pattern of appearance only on sun‐
exposed areas of the skin.

4.4  Epidemiology and Risk Factors 
of Contact Dermatitis

The risk factors and agents for occupational skin 
diseases are varied. Hand labor, which is parti-
cularly common among migrant and seasonal 
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 workers, results in close direct contact with plants, 
which may contain irritants or allergens, chemi-
cals used in production, and livestock; all these 
create an increased risk for contact dermatitis. 
Reports from Finland point to cow dander, disin-
fectants and detergents, wet and dirty work, and 
rubber materials (e.g., rubber gloves and boots) as 
the main agents of farmers’ occupational hand 
eczema (10). Additional risk factors include wear-
ing wet clothes and shoes during work, wearing 
rain coats (for protection) when applying pesticides 
or harvesting tobacco, working with pesticides, 
sun exposure, harvesting vegetable crops without 
gloves, and poor (unsanitary) housing (7, 8). 
Atopy (biologic process of allergies) results in up 
to a four‐fold risk of allergic contact dermatitis in 
farmers and agricultural workers. In one study 
45% of atopic women reported hand dermatitis 
(10). Respiratory allergies are predictors for aller-
gic skin conditions, for example farmers with 
symptoms of allergic rhinitis have a higher risk for 
contact dermatitis compared to those without 
 respiratory allergy (11, 12).

4.5  Agents causing Contact 
Dermatitis in Agricultural Settings

4.5.1 Pesticide‐induced Dermatitis
Although most contact dermatitis is of the irritant 
type, a few herbicides and fungicides are  sensitizers 

that can cause allergic contact dermatitis. The 
most common herbicides that are sensitizers are 
those of the chlorinated acetanilide class, such as 
propachlor (tradename Ramrod, Bexton) or ala-
chlor. The herbicide maleic hydrazide is a sensi-
tizer used in many herbicides, among other 
applications. Thiram is a sulfur‐based sensitizing 
compound used in many applications, including 
fungicides, miticides, bactericides, animal‐ and 
insect‐repellent insecticides, rubber additives, 
soaps, shampoos paints, and putty. Several fungi-
cide products are also known sensitizers. Products 
containing formaldehyde, beta‐naphthol, guani-
dines, captan, captafol, and imidazole derivatives 
may act as sensitizers.

Insecticide‐induced allergic contact dermatitis 
can be caused by several products, including car-
baryl (a carbamate insecticide) and proparagite, a 
sulfur‐based compound used to kill mites on 
orchard and a variety of other crops. Pyrethrum is 
a sensitizer commonly used in many household 
insect sprays and powders. A pyrethrum‐sensitive 
individual may also develop sensitivities to chry-
santhemums, shasta daisies, ragweed, and other 
members of the daisy family because they all con-
tain oleoresins similar to pyrethrum. Furthermore, 
these sensitive people may also react to a number 
of the synthetic pyrethrums (pyrethroids) that 
now dominate the insecticide market. Table 4.1 
provides a list of the most common skin sensitiz-
ers that may be agent of allergic contact dermati-
tis in farmers.

Table 4.1 Common agricultural chemicals that are skin sensitizers for agricultural workers

Insecticides Herbicides Fungicides Biocicide/
fumigant

Antibiotics Dusts and 
animal dander

Carbaryl (a carbamate)
Thiram
Pyrethrum (and pyrethrum‐
containing flowers, e.g. 
chrysanthemum, shasta daisy, 
ragweed, and other flowers  
in the daisy family)
Pyrethroids (synthetic 
pyrethrum)
Phenothiazine
Proparagite (a sulfur‐
containing insecticide)

Thiram
Chlorinated acetanilides
•	 Propachlor (tradename 

Ramrod, Bexton)
•	 Alachlor
Maleic hydrazide

Thiram
Captan
Captafol
Imidazoles
Beta‐naphthol
Guanidines
Formaldehyde

Formaldehyde Penecillin
Spectinomycin
Sulfa drugs
Iodine

Cattle dander
Grain dust
Hay dust
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Although contact dermatitis is the most com-
mon type of dermatitis associated with pesticides, 
several more conditions have been reported as a 
result of chronic handling of pesticides, including 
urticaria (hives, short‐lived multiple red raised 
itchy bumps on the skin), erythema multiforme 
(multiple red papules more permanent than hives), 
ashy dermatosis (diffuse bluish‐gray skin plaques), 
parakeratosis variegata, (multiple bizarre‐pat-
terned papules), prophyria cutanea tarda (a blood 
disorder that results in deposits of dysfunctional 
blood products in the skin), chloracne (blackhead 
pimples), hypopigmentation (loss of skin color), 
and nail and hair disorders. Inorganic arsenical 
pesticides are known causes of skin cancers includ-
ing carcinoma in situ, and basal and squamous 
cell  carcinomas. Different preparations of these 
chemicals were once commonly used as insecti-
cides, herbicides, and fungicides. However, by the 

1960s inorganic pesticides had been removed from 
the market in most developed countries because of 
their toxicity. Organic arsenicals have replaced 
inorganic arsenicals. They are much less toxic and 
have not been linked to skin or other cancers (13). 
There are several less common occupational skin 
conditions of farmers that are not discussed in this 
chapter but are summarized in Table 4.2.

4.5.2  Other Chemicals Related 
to Dermatitis

Many substances besides pesticides can cause 
contact dermatitis, including antibiotics, vaccines, 
bacterins, biocides, disinfectants, petroleum‐based 
fuels and solvents (Table 4.1). As new chemicals 
come into frequent use and others fall out of use, 
a rural healthcare provider must keep up to date 
with the products currently in use by their farmer 

Table 4.2 Uncommon skin conditions of agricultural workers associated with pesticide contact 
(Spiewak 2001)

Condition Description Exposure

Urticaria Elevated reddened areas, also called 
wheal and flare reaction

Fungicides: captan, chlorothalonil
Insect repellants: diethyltoluamide

Erythema 
mutiforme

Concentric rings, “bulls eye”  
eruptions on the skin

Organophosphate insecticides: Methyl 
parathion, Dimethoate

Ashy dermatitis Ashen‐colored eruptions (macules)  
on the skin of varying size
Also called erythema dyschromicum 
perstans

Fungicide: chlorothalonil

Parakerratosis 
vaiegata

Early ashy dermatoses appearance, 
progresses to entire skin and 
poikiloderma (skin atrophy with 
speckled like discoloration)

Undermined pesticide and fertilizer contact

Porphyria cutanea 
tarda

A skin photosensitivity with large 
blisters, scarring, excess pigmentation, 
skin thickening, and hair loss

Herbicides: 2,4‐D and 2,4,5‐T

Chloracne Very severe and chronic acne Herbicides: those chemicals with chlorinated 
polycyclic aromatics: 2,4‐D, 2,4,5‐T, 
pentachlorophenol, propanil, dichloroaniline, 
methazole
It is probably the dioxin contaminate in the 
manufacture of these compounds that is harmful

Skin 
hypopigmentation

Light‐colored areas on the skin Carbamate insecticides: (unspecified)

Nail disorders Yellowed, brittle, altered growth  
of the nails

Herbicides: paraquat, diquat,  
dichloronitrocresol

Hair loss Chlorinated hydrocarbon: DDT
Skin cancer Mainly squamous cell carcinoma Herbicides: paraquat, arsenicals
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patients and their potential health hazards. 
Furthermore, the rural health or safety practi-
tioner should also maintain a knowledge base of 
regional work practices so that an appropriate 
occupational history may be obtained, facilitat-
ing diagnoses.

Some of the substances currently in use and 
potentially hazardous to the skin are discussed 
below.

Antibiotics can cause both irritant and allergic 
contact dermatitis. Tetracyclines are common 
feed additive antibiotics for swine, poultry, and 
cattle. Humans treated with tetracyclines are 
known to be more sensitive to sunlight on 
exposed skin. Inhalation of feed dust that con-
tains tetracycline or the parasiticide piperazine 
may create sufficient systemic levels that photoir-
ritant contact dermatitis may develop on sun‐
exposed skin surfaces (14).

Tars (e.g., creosote, a wood preservative used 
for fence posts, fence boards etc.) can cause pho-
tocontact dermatitis as well as irritant contact 
dermatitis.

Fertilizers contain irritant substances including 
nitrogen and phosphate compounds, and some-
times cobalt and nickel. Anhydrous ammonia is a 
nitrogen fertilizer that is stored under pressure, 
and is very cold, hydroscopic, and caustic. Not 
only is it a risk for respiratory and eye damage (see 
Chapter 3), it is also a common cause of severe 
chemical burns to the skin (15, 16).

Dairy farmers are frequently in contact with 
chemicals associated with rubber or synthetic 
rubber products (e.g., hoses to, or the lining of of, 
milking machinery, rubber gloves). Delayed or 
chronic allergy to rubber chemicals has been 
found among dairy farmers with eczema (17, 18). 
Other chemicals used on dairy farms include 
acids and alkali cleaning products for the milking 
equipment, chorine (bleach), and iodine teat 
dips, all of which can cause severe irritation to the 
skin (19, 20)

Oils and fuels are common causes of skin 
problems. Oil acne or oil folliculitis results from 
exposure to oil, especially under oil‐soaked cloth-
ing. Farmers are exposed when fueling their 

t ractors and other self‐propelled equipment with 
gasoline or diesel fuel. Also, as farmers commonly 
do mechanical work on their equipment, they 
often are exposed to petroleum product solvents 
when cleaning and lubricating parts and 
machines. As skin conditions from these expo-
sures occur often, farmers may not seek treatment 
from a health professional and therefore the 
 frequency of these conditions is difficult to 
 ascertain. As most workers know the sources of 
some of these conditions, they know that with 
better hygiene the conditions improve.

4.5.3 Animal‐related Skin Dermatitis
Several reports from Finland indicate that sensi-
tivity to cow dander creates a significant risk for 
immediate or delayed allergic contact hand der-
matitis among dairy farmers (3). Eighteen per 
cent of women and 7% of men in a Finnish 
dairy farming region reported hand dermatitis 
within the past year (3). Risk factors included 
previous history of atopic dermatitis (four‐fold) 
and respiratory atopy (two‐fold). Skin tests 
among Finnish farmers revealed that 30% were 
positive for cow dander by either prick or patch 
testing. Other positive skin tests included ani-
mal feeds, rubber and rubber gloves, and udder 
ointments. A 12‐year follow‐up revealed 50% of 
the patients first diagnosed with hand dermatitis 
were still having problems, suggesting this is an 
important chronic condition that is difficult to 
control (10).

4.5.4 Plant‐induced Contact Dermatitis
Several cultivated vegetable crops and several wild 
plants in rural areas and on farmland can cause 
irritant contact dermatitis and/or allergic contact 
dermatitis.

 Plants Causing Allergic Contact  
Dermatitis

The most frequent and perhaps the most severe 
allergic contact dermatitis reactions are caused 
by  wild plants growing in nature. Plants of 
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the  Anacardiaceae family, genus Toxicodendron 
 (formerly rhus genus) are perhaps the most 
 common of those plants causing dermatitis in 
rural and farm populations. These plants include 
poison ivy, poison oak, and poison sumac. The 
Toxicodendron plants shares the characteristics of 
bearing groups of whitish berries (21). The sap of 
these plants contains an oily substance, urushiol, 
which can cause a classic delayed allergic contact 
dermatitis. Urushiol, a pentadecylcatechol, is one 
of the most potent allergenic substances known, 
capable of inducing cell‐mediated hypersensitivity 
in 70% of exposed persons (22). Contact with the 
sap from rhus plants (poison ivy, poison oak, and 
poison sumac) commonly results in an erythema-
tous, edematous, very pruritic rash. The allergen, 
urushiol, absorbs into the skin in about 20 min-
utes. Once urushiol is absorbed into the skin, rub-
bing or scratching will not spread the lesions. 
Lesions begin to appear from 1 to 7 days following 
exposure. The lesions often continue to develop for 
several days. Vesicles may form and rupture, pro-
ducing serous drainage and crusting. (Serous drain-
age (and scratching) does not spread the lesions.) 
This is not a contagious condition as there is no 
urushiol within the vesicles, only a serous exudate. 
However, scratching may lead to a secondary infec-
tion. The severity of the reaction depends both on 
the quantity of antigenic sap absorbed into the skin 
and on the individual’s sensitivity. The delay of 

onset and decreased severity is related to slower and 
smaller amount of urushiol absorption in areas of 
skin with a thicker stratum corneum (e.g., palms, 
dorsal surface of hands and arms) (22).

Urushiol is located in the sap of nearly all parts 
of the plant, therefore dermatitis from these 
plants can be contracted when any part of the 
plant is broken, allowing sap to escape directly 
onto the skin. The sap from all three plant species 
maintains its antigenicity for months. If the sap 
contaminates a fomite (clothing, blanket, dog, 
etc.), secondary skin contact by a person with 
that object may result in a skin eruption. Even 
after the plant has died, the sap remaining in it 
maintains its antigenicity, therefore a person 
grubbing rhus plants after they have been killed 
with a herbicide may acquire urushiol dermatitis 
(23). Urushiol maintains antigenicity when rhus 
plants are burned therefore workers exposed to 
the smoke from burning rhus plants may develop 
a diffuse dermatitis on unprotected skin (see 
Figure 4.1).

Most commonly, the pattern of the skin 
lesions has a linear or streaked configuration. 
This is because as the person moves through an 
area with rhus plants, the broken component of 
the plant exudes urushiol, which is dragged across 
the skin in a linear pattern. A more diffuse pat-
tern may appear when the urushiol contaminates 
the skin secondarily from contaminated fomite 

Figure 4.1 Rhus allergic contact dermatitis. Left: linear pattern, sub‐acute stage. Right: diffuse pat-
tern aerosol exposure from burning brush containing poison ivy plants and wearing no shirt. (See insert for 
color representation of the figure.)
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(e.g. clothing, blanket, or pet) or when exposed 
to the smoke of burning plant material.

Rhus plants have a varying geographic distribu-
tion. Poison ivy is by far the most geographically 
diverse, found in Eastern Asia, the Kurile Islands, 
and the Sakhalin Islands of Russia. The plant exists 
in the eastern two‐thirds of Canada and the United 
States below the 44th parallel (21). It grows 
throughout Mexico and Guatemala, and in some 
of the Caribbean countries. Poison oak has a more 
limited distribution toward the west coast of the 
US. Poison sumac is primarily in the eastern third 
of the US and Canada from Quebec to Florida, 
extending west into Texas (21–23).

A much less prevalent plant‐induced allergic 
contact dermatitis is caused by ragweed (Ambrosia 
species). Ragweed is much more commonly 
maligned as a cause of allergic rhinitis (or hay 
fever), caused by the protein component of the 
pollen. A second allergen in the pollen is an oleo-
resin (which contains a sesquiterpene lactone) 
that can cause allergic contact dermatitis from an 
air‐borne exposure. The exposure can produce a 
diffuse pattern presentation of eruption similar to 
that caused by poison ivy smoke. It can be dif-
ferentiated from photocontact dermatitis by the 
presence of eruptions on shaded areas of skin (as 
well as sun‐exposed skin), such as under the chin 
and behind the ear lobule. The rash may be 
accentuated in flexural creases and at the edges of 
clothing. Ragweed‐induced allergic contact der-
matitis is present primarily in late summer and 
fall, often coincident with the season for those 
affected with allergic rhinitis. Annual recurrences 
in individuals are recognized, with a tendency to 
longer lasting episodes. Fortunately, only a small 
percentage of individuals exposed to ragweed 
oleoresin will develop allergic contact dermatitis 
compared to the high risk from poison ivy 
exposure (14).

A number of domestic food plants have been 
known to cause allergic contact dermatitis. 
Table 4.3 lists those that have been incriminated 
as causative agents. One example is allergic con-
tact dermatitis that may occur in workers who 
pick and handle asparagus. The allergen appears 
to be a sulfur‐containing growth inhibitor 

(1,2,3‐trithiane‐S‐carboxylic acid) that is more 
prominent in the early growing season. The 
lesions typically occur on the finger tips, but may 
spread to the whole hand (24–27).

Bulb finger (aka tulip finger) is a chronic 
 irritant and/or chronic allergic contact dermatitis 
of fingertips that develops in some harvesters, 
sorters, and packers of tulip, hyacinth, onion, and 
garlic bulbs. The irritant is thought to be a 
 sesquiterpene lactone present in the bulbs (28). 
The particular allergen in tulip bulbs is called 
tuliposide A (29). Patch testing is available to 
assist in diagnosis of this condition, but there is 
evidence of chronic irritant contact dermatitis as 
a component of the condition. Fungicides used 
to treat bulbs may also confound or exacerbate 
this problem. Initially, subungual (under finger-
nails)  tissues and fingertips become reddened, 
inflamed, and painful. Further handling of the 
bulbs causes a dry, scaly, fissured, erosive, and 
hyperkeratotic (calloused) dermatitis, possibly 
with suppuration (pus due to secondary bacterial 
infections) (29, 30). Figure  4.2 shows a person 
with bulb finger.

Plants that cause photoirritant (phototoxic) 
contact dermatitis include vegetables in the fam-
ily Ubelliferae (carrots, celery, domestic parsnip, 
fennel, wild parsnip, giant hogweed) and the 
family Rutaceae (lemon, lime, bergamot, orange, 
common rue). The common class of agents in 
these plants is furocumarin, which is present in 
their juices. When the plant juice comes into 
contact with the skin, exposure to sunshine mod-
ifies the furocoumarin to a very irritant/toxic 
chemical that can cause a severe skin reaction that 
resembles a thermal or chemical burn. These 
chemicals are known as phytophotoirritants and 
the condition is also known as phytophototoxic 
contact dermatitis. Plant‐induced dermatitis is 
most likely to affect persons who harvest, pack, 
and unpack for sale large quantities of cut and 
wet vegetables. Carrots are most commonly asso-
ciated with production agricultural exposures. 
Two wild plant species native to Europe and Asia 
contain the furocoumarin that also can cause 
the  phytotoxic dermatitis. These plants are an 
invasive species to North America. Wild parsnip 
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(Pastinaca sativa) is an extremely common  foreign 
invasive plant found on pasture land, road 
ditches, and almost anywhere that is not intensely 
cultivated. The  second plant, Heracleum 

m antegazzianum (giant hogweed, giant cow 
p arsnip), found in pastureland and wetland, can 
also cause a phototoxic reaction in combination 
with sunshine.

Figure 4.2 Bulb finger: allergic and or chronic contact dermatitis. The allergen is tulipan A and the 
irritant is butyrolactone. (See insert for color representation of the figure.)

Table 4.3 Plants and their offending substances that can cause allergic 
contact dermatitis (11, 25)

Plants causing allergic contact dermatitis Offending plant chemicals

Bulbs of tulips, hyacinths, and other  
flowering bulbs

Tuliposide A (allergin in tulip bulbs), 
sesquiterpene lactone (irritant)

Carrots Furocoumarins
Domestic parsnip Furocoumarins
Wild parsnip Furocoumarins
Cow parsnip, giant hog weed (Heracleum 
mantegazzianum)

Furocoumarins

Poison ivy, poison oak, poison sumac  
(plants of the Anacardiaceae family)

Urushiol

Ragweed Sesquiterpene lactone
Asparagus 1,2,3‐Trithiane‐s‐carboxylic acid
Cucumber Dibromodicyanobutane
Tomato Dibromodicyanobutane
Zuchini Dibromodicyanobutane
Potatoes NK
Garlic NK
Leek NK
Mustard NK
Kiwi fruit NK
Mangoes Pentadectylcatechols
Cashew nuts Pentadectylcatechols
Pecan NK
Olive oil NK
Rice NK

NK, not known.
Source: http://tigmor.com/food/library/articles/contact.htm.
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Phytophototoxic dermatitis initially presents 
with blisters, which then rupture, becoming 
 erosive lesions over the course of 7–10 days. 
They slowly heal, leaving a hyperpigmentation 
that commonly has a bizarre streaked pattern 
that persists for months. This streaked pattern is 
due to the agent contacting the skin from the 
leafy parts of the vegetable (i.e., carrot tops), 
leaving an imprint of the vegetable foliage. 
Several less common plants have been incrimi-
nated as agents for allergic contact dermatitis. 
These plants along with the offending substances 
are summarized in Table. 4.3. Phytophototoxic 
dermatitis from harvesting carrots and celery is 
shown in Figure 4.3 and from contact with wild 
parsnip in Figure 4.4.

In addition to direct contact with sap from 
plants, occasionally airborne exposure to dust 
from plants can result in contact dermatitis. 
An example of such a case was reported in a 57‐
year‐old female hop plantation worker (11). 
After 30 years’ experience working with hops, 
she developed an eczematous allergic contact 
dermatitis on her hands. Additionally, she devel-
oped erythema of the neck, edema of the lids, 
and  conjunctiva, typically beginning after 30 
minutes of aerosol exposure to fresh dried hops. 
This second condition persisted for 48–72 hours 
after removal from the environment. The woman 

had to quit working with hops, but the allergic 
reaction remained, with exacerbations on use of 
beauty creams and herbal sedatives that con-
tained hops (Humulus lupulus). Her husband 
continued to work with hops. The woman would 
have exacerbations when sleeping with her 
h usband, as he would have small amount of hops 
attached to his skin or bed clothes (connubial 
contact). Improved hygiene and after‐work 
showering by the husband relieved the condition 
for the woman.

4.5.5 Treatment of Contact Dermatitis
Topical corticosteroids are used to treat most 
localized forms of irritant contact dermatitis. 
However, caution should be used as prolonged 
use of the more potent topical corticosteroids 
may result in permanent atrophy, striae (steaks of 
stretch marks), and erythema of the skin. Systemic 
effects may also occur from absorption of steroids 
if administered over a wide skin area.

In addition to corticosteroids, standard princi-
ples of dermatologic therapy are advised. For 
acute weeping lesions, recommended treatments 
include soaks or compresses with physiologic 
saline or products with astringents and antibacte-
rial qualities such as Burow’s solution (aluminum 
acetate 0.14%). For dry, scaling lesions, cool 

Figure 4.3 Phytophoto‐irritant contact dermatitis may be caused by plants of the Apiaceae family, 
which includes celery, carrot, and parsnip among others. The juices from these plants contain a furocoumarin 
that becomes a toxic irritant when exposed to sunlight. (See insert for color representation of the figure.)
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baths or locally applied lotions with moisturizing 
properties (e.g., colloidal oatmeal) are useful. The 
latter is also helpful to relieve itching and to 
moisturize and lubricate the skin.

For widespread or severe cases systemic corti-
costeroids may be necessary, although the risk of 
side effects is higher. A 7–10 day taper of systemic 
corticosteroids may help prevent a “rebound 
flare” of dermatitis. Tapering topical potent ster-
oids by alternating with less potent or other 
standard therapies may also be helpful to avoid 
negative outcomes of steroid use.

Mild rhus dermatitis can be treated sympto-
matically with compresses, calamine lotion (zinc 
oxide with 0.5% ferric oxide), potent topical 
 corticosteroid preparations, and orally adminis-

tered antihistamines. Severe rhus dermatitis is 
best managed with systemic corticosteroids. For 
adults, 30–80 mg of prednisone daily, in divided 
dosages, is appropriate initially. The dose can be 
reduced by 5 mg per day when vesicles are no 
longer forming. Antihistamines can help alleviate 
the itch. Compresses, colloidal baths, and cala-
mine lotion are helpful adjuncts.

For patients in whom topical corticosteroids 
are contraindicated, two newer agents that are 
non‐steroidal should be considered. Tacrolimus 
(Protopic® ointment) and pemecrolimus (Elidel® 
cream) are analogs of cyclosporine. Their mecha-
nism of action is T‐cell suppression. These prod-
ucts are FDA approved for this use and generally 
well‐tolerated. However, they are much more 
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Figure 4.4 Wild parsnip (Pastinaca sativa) from the Apiaceae family is an invasive species that grows wild 
throughout most of North America, Canada, and northern Europe. It has a similar furocoumarin to other plants of 
this family and can cause a severe phytophoto‐irritant contact dermatitis, as shown here on a leg. (Source: USDA, 
http://plants.usda.gov/core/profile?symbol=PASA2.) (See insert for color representation of the figure.)
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expensive than corticosteroids, and their long‐
term safety and efficacy remain to be determined.

4.5.6  Prevention of Contact 
Dermatitis

All types of contact dermatitis can be prevented 
by elimination or reduction of exposure to causa-
tive agents. Specific measures include use of 
 protective clothing, changing to clean clothes and 
gloves when they become contaminated, and 
washing exposed areas of the skin before meals 
and at the end of the work day. There are several 
ways to help prevent or minimize the skin reac-
tion once contact with the agent has occurred. For 
example, in people who have had contact with the 
sap of rhus plants (urushiol) washing exposed skin 
with soap and water within 30 minutes of contact 
will eliminate or at least decrease the extent and 
severity of the subsequent dermatitis.

Nitrile protective gloves are recommended for 
direct handling of bulbs and other vegetables as 
evidence suggests some of the plant allergens can 
penetrate vinyl gloves (31). Agricultural workers 
should read and follow label directions on the 
package when applying pesticides, fertilizers, and 
other agricultural chemicals. Furthermore,  barrier 
creams on hands and exposed skin may prevent 
or decrease the amount of absorption of irritant 
or allergenic substances. As there are different 
barrier creams produced for protection from dif-
ferent classes of substances, choosing the wrong 
product may lead to a false sense of security. For 
example, barrier creams produced for protection 
from urushiol contain octylphenoxypolyethox-
yethanol in propylene glycol or 5% quanter-
nium‐18 bentonite (the respective trade names 
are Oak Ivy and Ivy Block). These products may 
not necessarily protect from wetness or solvents.

Poison ivy and related sensitizing plants can be 
eliminated by pulling the plants out by their roots 
(grubbing). Grubbing should be done using 
proper precautions such as wearing rubber 
 (preferably nitrile) gloves and protective clothing 
that is washed after use. Mowing and cutting of 
plants should not be attempted since these 
actions encourage plant stem proliferation from 

the remaining roots. These plants also can be 
eliminated by the use of herbicides. The broad‐
spectrum herbicide glyphosate (one trade name is 
Roundup) works well on these plants. This 
chemical is applied on the leaves, absorbs into the 
plant, and kills the whole plant (roots and all) in 
a matter of days to weeks.

For patients who are extremely sensitive to 
urushiol or because of their job cannot avoid con-
tact with rhus plants, hypo‐sensitization is an 
option. There are two forms of the antigen used 
for hypo‐sensitization, oral and subdermal injec-
tion. Hypo‐sensitization provides partial protec-
tion at best. It may reduce the symptoms or protect 
in mild exposures. Oral hypo‐sensitization may 
produce side effects such as pruritus ani because 
the rhus antigen is not inactivated in the gut and 
when it reaches the skin on exit of the gastrointes-
tinal system, it can cause perianal rhus dermatitis.

Prevention of phototoxic dermatitis is two‐
fold. First, keep the sap of the plant from contact 
with skin. Second, if there is a possibility of skin 
contact with the sap of these plants, protect the 
skin from sun exposure for at least 3 days and 
wash exposed areas and exposed clothing with 
soap and water.

4.6 Infectious Dermatitis

The three most important and common infec-
tious dermatoses of agricultural workers are 
zoonotic dermatophytic fungi and two zoonotic 
viral diseases, contagious ecthyma of sheep and 
goats (orf ) and pseudo cowpox of cattle (milker’s 
nodule). These dermatoses are discussed below. 
Other less common infectious zoonotic derma-
toses include tularemia and anthrax. The latter 
are covered in Chapter 13.

Dermatophytic fungal infections found on the 
farm are caused primarily by Trichophyton and 
Microsporum species. By far the most common 
agricultural occupational animal dermatophyte 
infection in farmers and workers is Trychophyton 
verrucosum. Cattle are the primary host for this 
species. Other farm animals have their own der-
matophytes (primarily Microsporum species) that 
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may infect humans. These fungi can be con-
tracted from contact with infected animals or 
from contaminated objects in the animal 
 environment (e.g., feed bunks, fences etc.).

Classic dermatophytic infections in people 
present as red scaling lesions with a tendency for 
central clearing, producing a “bulls eye” type of 
lesion. Generations ago, people thought this 
lesion must be caused by a worm under the skin, 
thus the term “ringworm.” However, animal ring-
worm infections of humans have many different 
presentations. Generally, animal ringworm infec-
tions in humans are more severe than the infec-
tion in the host animal. This is probably due to 
better parasite–host adaptation in the primary 
host. Some of the consequences of this more 
aggressive infection can be seen if there is an 
infection of the hair and skin of the scalp. 
Infections may extend into the follicles and cause 
temporary or permanent hair loss may follow. 
Lesions among dairy farmers may be seen on 
areas of the body that have close direct or indirect 
contact with cattle (e.g., arms and upper torso, 
chin, neck, and head). Lesions on the head and 
neck area are likely in milkers working in stan-
chion or tie stall barns as direct contact with the 
cow or the cow’s head restraints is more likely as 
he or she attaches or removes the restraints or the 
milking machines from the cow.

Diagnosis of dermatophytic fungi first requires 
ascertainment of an accurate and detailed occu-
pational history. Definitive diagnosis includes a 
skin scraping and examination with a UV light. 
The two main zoonotic genera (Trychophyton and 
Microsporum) vary in their ability to produce 
material that will fluoresce. Positive fluorescence 
has a presumptive diagnosis, but negative fluores-
cence is not a negative test. A more definitive test 
is potassium hydroxide (10–20%) preparation of 
crust and hair. Microscopic examination of this 
preparation may reveal fungal elements. To 
obtain a species‐specific diagnosis, a culture of 
crust and hair from the lesion will be necessary. 
However, results may take 3–5 weeks for growth 
and laboratory identification of the organism.

Treatment of dermatophytic fungi ranges from 
application of topical preparations to systemic 

therapy, depending on the extent and depth of 
infection. Topical preparations may be effective if 
just the keratin layer of skin is infected. Effective 
topical preparations include iodine solutions or 
tolnaftate (1%) among others. The topical 
 antifungal agents of the imidazole and allylamine 
classes (e.g., miconazole (Monistat®), clotrima-
zole (Lotrimin®), and terbinafine (Lamisil®)) 
may  be the most efficacious pharmaceuticals. 
Continued topical use for 1 week after clinical 
symptoms resolve may help prevent relapse.

Infections of the scalp or beard usually involve 
the hair follicles and topical treatments are not 
effective. Systemic oral therapy (e.g., grisiofulvin, 
fluconazole, terbinafine, or itraconizole) for 4 
weeks minimum is required in severe cases. Non‐
specific measures to reduce inflammation, such as 
a burst and taper of prednisone, may be helpful 
for highly inflamed infections, especially those of 
the scalp, and may help to reduce the severity of 
the damage to the hair follicles and prevent 
 permanent hair loss (32). Infections of the finger-
nails or toenails may require particularly long 
courses of oral therapy during which drug inter-
actions and blood monitoring may be required.

Several animal viruses of the parapox group, 
including orf, pseudocowpox, and bovine popular 
stomatitis, can cause skin infections in humans. 
These are geographically widespread viruses found 
in many areas of the world. Orf (contagious 
ecthyma) is one of the most common animal 
viruses infecting humans. This virus causes a com-
mon disease of sheep and goats (contagious 
ecthyma) and may be transmitted to humans by 
direct or indirect contact to abraded skin from 
infected sheep or goats, usually by feeding lambs 
or baby goats. As the virus survives in the livestock 
environment for months to years, a contaminated 
environment (barns, stalls, fences, etc.) where 
sheep or goats have been kept may remain a source 
of infection for humans for months or years.

Following an incubation period of about a 
week, orf lesions typically develop on the backs of 
hands, fingers, or arms. They begin as one or a 
few red papules that enlarge to slightly umbili-
cated nodules, which become hemorrhagic and 
pustular. The center of the lesion breaks down to 
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produce a red oozing surface with a crust. 
Differential diagnosis may include squamous cell 
carcinoma. A punch biopsy, H&E stain, and his-
tologic examination will reveal large (pox) intra-
cellular inclusion bodies. A clean dressing with 
topical antibiotics will help prevent secondary 
 bacterial infection. Systemic responses, such as 
regional lymphadenopathy or a mild febrile 
response, may occur. Lesions of orf resolve sponta-
neously in about 6 weeks, often with scarring (33).

In North America, a condition called milk-
er’s nodules is caused by infection with the 
pseudocowpox virus, which is a common cause 
of cowpox in cattle. In cattle this pox virus 
results in ulcerated lesions on the teats and 
udders, primarily seen in dairy cattle. It is con-
tagious in the herd, spread by contact with the 
milkers, be they milking machine or human. 
Human infections are contracted through direct 
skin contact with the teats and udders of 
infected cows. Like orf lesions, milker’s nodules 
resolve spontaneously in about 6 weeks but usu-
ally do not scar (34).

In Europe, a different virus (cowpox) of the 
orthopox group may (rarely today) cause a skin 
infection in humans. This virus is the one that 
the English physician Edward Jenner used in 
1796 to produce the first vaccine. This crude 
 vaccine was successful in preventing smallpox, 
leading the way for modern application of public 
health immunization. Today in the UK and other 
European countries cats among other species may 
carry cowpox, and more commonly transmit the 
virus to humans rather than cattle.

Treatment of either orf or milker’s nodules is 
aimed at controlling secondary bacterial infec-
tions. Topical antibiotic ointments and covering 
with an aseptic dressing are indicated.

4.7 Arthropod‐induced Dermatitis

Because agricultural workers spend a great deal of 
time outdoors, they are exposed to a large variety 
of arthropods that bite and sting. Arthropods 
include wasps, bees, and ants (hymenoptera spe-
cies) as well as a large variety of spiders, mites and 

ticks (arachnids), mosquitoes and biting flies 
(Diptera), and caterpillars (Lepidoptera).

Cutaneous responses to most of these arthro-
pod bites vary considerably with the type of toxin 
in the particular offending arthropod’s venom 
and biological variations among the victims (e.g., 
the person’s degree of sensitization). Some haema-
tophagus arthropods (blood‐sucking insects such 
as mosquitoes, ticks, mites, etc.) inject saliva and 
anticoagulants as a means to facilitate taking a 
blood meal. Initially, some bites and stings from 
haematophagus insects are likely to produce little 
or no reaction. As a person develops sensitivity, 
general anaphylactic reactions may be a slight 
risk, but commonly local inflammatory reactions 
result, such as erythematous macules, papules, 
pruritic lesions, or blisters. Finally, after repeated 
exposure, sensitivity may wane. A good example 
of this is the often observed welts that children 
receive from mosquito or chigger bites. This 
severe reaction is rare in adults.

Other arthropods (e.g., wasps, bees, and ants) 
have “defensive” toxins that will produce an 
immediate painful sensation in the victim. Some 
arthropods possess systemic toxins (e.g., black 
widow spider and scorpions) and some inject a 
cytotoxic agent, causing local necrosis (e.g., 
brown recluse spider). The systemic or cytotoxic 
reaction seen with spider bites does not necessar-
ily change with immune experience and age of 
the patient (35).

4.7.1  Hymenoptera Stings 
(Bees and Wasps)

The most common response to a sting from a 
hymenoptera species (wasp, bee, ant) is an imme-
diate painful, burning sensation at the site of the 
sting. This is caused by toxic proteins that are 
largely enzymes causing local inflammation of 
the surrounding nerve tissue and soft tissues. One 
member of the Hymenoptera family, Solenopsis 
invicta, ommonly known as the invasive red fire 
ant (IRFA), is a particular problem in southern 
states of the US (36, 37). Unintended importa-
tion in cargo on ships coming to the port of 
New Orleans from Argentina in the 1930s, this 
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prolific invasive ant species has spread over eight 
states from as far east as North and South Carolina 
and Florida westward covering a band of states 
ending in eastern Texas. Models based on climate 
and other ecologic considerations predict the fire 
ant range to expand north and west to include the 
western third of California (see Figure 4.5) (38). 
The fire ant is the most common hymenoptera 
species causing human suffering in the region. 
Bites from IRFA cause characteristic lesions con-
sisting of pustules that contain a sterile milky 
colored fluid. These lesions may last for up to 10 
days. The IRFA toxin contains a protein that is 
probably responsible for an allergic response as 
well as a cytotoxic alkaloid response causing tis-
sue inflammation and necrosis. Most other 
hymenoptera stings result in mild discomfort and 
temporary skin lesions.

By far the most life‐threatening response from 
hymenoptera bites or stings is a systemic allergic 
reaction. Although upwards of 20% of indivi-
duals may have IgE antibodies to hymenoptera 

toxins, only 1–3% of the population will suffer 
a serious allergic reaction. However, it is esti-
mated that between 40 and 100 people die 
every year in the US from hymenoptera stings. 
The following risk factors and medical history 
warn of a potential life‐threatening anaphylactic 
response: (1) the person has experienced a 
known previous systemic response, (2) person 
developed a large local response to past or cur-
rent stings and/or systemic symptoms (e.g., 
hives, general pruritus or burning sensation, 
swelling of lips and tongue, wheezing, etc.). If 
this history is present or if any of these symp-
toms are seen in a person with a  current sting, 
that person should have an on‐the‐scene dose of 
epinephrine (as available and on prior medical 
advice) and be taken to the nearest medical facil-
ity. Individuals with the history described above 
should be medically examined and if so pre-
scribed be equipped with a medical alert tagged 
bracelet and carry an epinephrine auto‐injection 
device (e.g., EpiPen) (39).

Improbable
Undetermined
Possible
Certain

RIFA survival

Figure 4.5 Potential US range expansion of the invasive fire ant based on climate and other ecologic 
conditions (Source: USDA, Agricultural Research Service http://www.ars.usda.gov/research/docs.htm?docid= 
9165. Date last modified 5.10.2006.). (See insert for color representation of the figure.)
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4.7.2 Arachnids (Mites and Spiders)
Several species of mites cause skin problems in 
those living and working in rural and agricultural 
areas, both parasitic mites and free‐living mites. 
Most animals have species‐specific parasitic 
mites, including humans. These mites will com-
plete their life cycle only on their specific host, 
causing pruritus, hair loss, and scaling of skin in 
heavy infestations (scabies). The species‐specific 
parasitic life cycle begins with the scabies mite 
burrowing into the epidermis of its host, where 
the female lays eggs that hatch out and return to 
the skin surface, perpetuating the life cycle.

Scabies mites of animals such as pigs, horses, 
cattle, and dogs may temporarily infest people. 
However, these mites do not burrow into the epi-
dermis and reproduce in humans as they do in 
their species‐specific host parasitic relationship. 
They do, however, inflict bites as they feed on 
their temporary host. They attach by their mouth 
parts and inject saliva, which enzymatically digests 
the skin. The larvae feed on digested protein and 
serous exudate from the host for a few hours to 
days before falling off. The resulting inflamma-
tion of the skin may be accompanied by a serous 
exudate and an annoying pruritus. The resulting 
skin lesions are commonly red edematous pap-
ules. The distribution and severity of the reaction 
depends on the mode of exposure and the victim’s 
degree of sensitivity. Lesions vary from normal‐
appearing areas of pruritus to macules, papules, 
petechial lesions, vesicles, and even bullae. The 
location of animal scabies lesions on humans is 
typically on the hands and forearms where they 
have direct contact with the infected animals.

A number of free‐living mites cause skin lesions 
in humans. These mites complete their life cycle 
without an animal host. However, they do like to 
supplement their diet with a protein meal on occa-
sion. Chigger bites (caused by mites of the family 
Trombiculidae) are caused by probably the most 
common free‐living mite that humans encounter. 
Although not a cause of serious health conse-
quences, these mites are frequent visitors to the skin 
of farm people. The larval form of this mite feeds 
mainly on vegetation, but requires animal protein 
for complete development. Other free‐living mites 

include grain mites (Acarus spp.) and oak mites 
(Pyometes spp.). The former often cause lesions on 
the hands, typically on the webbing between the 
fingers, from handling grain without gloves. 
Pyometes mites have a life cycle commonly associ-
ated with oak trees, primarily pin oaks in the 
Midwest, but also red and black oaks. The larval 
forms of this mite parasitize the larvae of midge flies 
which live in nodules (galls) about 5 mm in size 
on the leaves of oak trees. When the midge matures 
to adult, breaking out of the gall, thousands of 
immature mites are released to the ground, ready to 
find an animal (including humans) to take on a 
protein meal. Similar to chiggers, these mites cause 
only a temporary infestation, but leave the host 
with a pruritic, localized, self‐limiting rash. A rash 
from animal‐ or grain‐associated mites commonly 
affects the hands and arms, where the patient has 
contacted the source. Chiggers and oak mites 
appear commonly under clothing on the torso.

4.7.3 Spiders
Three types of spiders can cause skin conditions 
and some may cause systemic reactions. The 
brown recluse spider (Latrodectus geometricus) is 
present in most of the western hemisphere. The 
venom of this spider is primarily an enzymatic 
cytotoxin. A bite from this spider will not cause 
immediate pain, but will cause pain in 2–6 hours. 
The area at the site and surrounding the bite will 
begin to turn purple to black in a few days and 
progress to local or regional areas of skin necrosis. 
The skin may take 3 months or more to heal, 
depending on the location and size of the area of 
necrosis, and there may be scarring.

Widow spiders are present in most areas of the 
western hemisphere, Europe, and some areas of 
Asia and Africa. Species in this group of spiders 
are mostly black, but can also be brown, red, or 
other colors. Common to this group of spiders is 
an hourglass figure on the ventral surfaces of their 
abdomen. The black widow spider (Latrocedtus 
onactans) is perhaps the most common and 
well‐known spider of this group. Only the female 
will bite, injecting its combined enzymatic and 
neurotoxic venom, called alpha‐latrotoxin. This 
toxin opens cation channels, resulting in excess 
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neural stimulation at motor endplates. There 
may be immediate but often minor local pain 
from the bite, but within an hour a generalized 
reaction may begin with spreading pain and cho-
linergic symptoms of sweating, diarrhea, abdomi-
nal cramps, and dyspnea. There may also be 
motor function effects with cramping of large 
muscle groups and general weakness. Recovery 
usually takes several days. Death is very rare (40).

4.7.4 Scorpions
There are over 500 species of scorpions around 
the world, mainly in warm regions from desert to 
subtropical climates. All of them might sting, but 
most stings are no more severe than the bite of a 
honey bee. There are species and geographic vari-
ations in the type and potency of their toxin (41). 
The toxin is most commonly a neurotoxin simi-
lar to that of the widow spiders. However, there 
are some species that also have a cytotoxin similar 
to that of the brown recluse spider. Only one 
species (Centroides sculpturatus) in North America 
(located in the south‐west) has a potent neuro-
toxin. Some sensitized people may have an ana-
phylactic reaction in response to a scorpion sting 
similar to that caused by hymentoptera species.

4.7.5  Lepidoptera Species 
(Catapillars)

Several species of caterpillar cause dermatitis and/or 
a systemic reaction. Among the potentially harmful 
of these is the puss caterpillar (Megalopyge urens). 
When touching this caterpillar its hairs may stick 
into the skin of the victim and release a toxin that 
contains high levels of histamine and the enzyme 
hyaluronidase, which produces immediate painful 
inflammatory proteolytic and hemolytic reactions.

4.7.6  Treatment of Arthropod 
Dermatoses

Anaphylactic Reactions

Treatment of arthropod‐induced dermatoses is 
highly variable. Individuals with a history of 
severe reaction to hymenoptera stings should 

wear bracelets or tags warning of their sensitivity. 
Highly allergic people have common symptoms 
(generalized hives, wheezing, fainting, or shock). 
If stung, these people should have access to spe-
cific drugs to counteract the symptoms (ephed-
rine or epinephrine, diphenhydramine, and 
possibly corticosteroids). Acutely sensitive people 
should carry an epinephrine autoinjector (e.g., 
trade names EpiPen, Emerade, Twinject). Those 
prone to anaphylaxis following a sting from a bee 
or wasp (even if they self‐inject with epinephrine) 
should proceed to the nearest emergency room or 
hospital in case of a continued or recurrent 
response. For prevention, those who have had 
a  history of systemic allergic reactions should 
 consider Hymenoptera sting hypo‐sensitization.

 Treatment of Skin Reactions from Insect 
Bites and Stings

Bites from free‐living mites (chiggers, grain mites, 
oak mites) and animal scabies mites need only 
symptomatic treatment. These mites cannot 
 survive on human skin for more than a few days 
and thus die or drop off spontaneously. However, 
victims are very appreciative of anti‐inflamma-
tory and anti‐pruritic treatment to relieve symp-
toms. Over‐the‐counter products such as topical 
steroids and/or oral antihistamines may result in 
minor relief of the symptoms. Other more effec-
tive over‐the‐counter products contain camphor, 
phenol, and menthol. In addition, steps need to 
be taken to eliminate or prevent exposure. 
Protective clothing and gloves are useful when 
handling grain or animals that may have scabies. 
Chigger bites can generally be avoided by putting 
a barrier, such as a blanket, between yourself and 
the grass while working or picnicking. Fumigation 
of grain helps rid the product of vermin and 
mites, enhances grain quality, and decreases the 
health risk of grain handling as it comes out of 
storage.

Regarding Hymenoptera species stings, only 
the honey bee will leave its stinger in its victim 
(42). As the stinger will continue to pump venom 
for up to 30 minutes while in the skin, it is a good 
idea to locate it and either scrape it away with a 
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fingernail or pull it out with forceps. Additional 
treatment may be appropriate when bites are 
numerous, when patients react severely, or when 
secondary infections develop. A prescription‐
grade (greater the 2% cortisol) topical steroid 
often provides good symptomatic relief. For wasp 
or bee stings, sprinkling papain powder (con-
tained in many meat tenderizers and available in 
most grocery stores) on a wetted lesion within a 
few minutes of the sting is helpful in reducing the 
degree and length of time of the pain. The enzyme 
papain breaks down the protein and polypeptide 
secretions that act as irritants or allergens. 
Systemic antihistamines may reduce pruritus 
associated with multiple bites. Antibiotics, usu-
ally systemic, may be indicated for treating or 
preventing secondary infections.

Treatment of arachnid bites may require more 
invasive treatment. There are commercial anti-
venins for the widow spiders, the brown recluse, 
and scorpion bites or stings (43). There is wide 
geographical variation in scorpion species and the 
toxicity of their venoms. Antivenins are species 
and geographic specific. For best results, these 
should be administered within the first 4 hours of 
the bite. The brown recluse spider bite may 
require excision and debridement of the wound 
site, followed by a skin graft (to prevent scarring). 
Diaminodiphenyl sulfone (Dapsone) has been 
reported to decrease tissue necrosis if applied 
early and therefore may prevent scarring.

Arthropod‐related problems can be prevented 
by taking the following precautions: wear light‐
colored, non‐flowery clothing, do not wear scented 
preparations, avoid activities where arthropods are 
likely to be encountered, and keep an insecticide 
aerosol handy. Arthropods are best deterred by 
insect repellants containing diethyltoluamide 
(DEET, trade names include Off, Repel, Bug 
X30). Products with 100% DEET may be used.

4.8 Sunlight‐induced Dermatoses

Both acute and chronic changes result from the 
sun’s UV rays. With few exceptions, these prob-
lems are more common among light‐skinned 

individuals. The sunlight‐induced changes 
 discussed below include sunburn, chronic non‐
cancerous lesions, precancerous lesions, and skin 
cancers.

4.8.1  Acute Sun‐induced Skin 
Disorders

The most frequent reactions to sunlight are sun-
burn, which can be a minor self‐limiting painful 
event for a few days, and sun poisoning, which 
requires medical treatment and possible hospi-
talization (44, 45). Sunburn is caused by expo-
sure to UV radiation from both the UVA and 
UVB ranges. Mild or first‐degree burns affect 
only the superficial layers of the skin, resulting in 
redness, some swelling, and pain. Second‐degree 
burns involve deeper skin layers and blisters may 
form. Usually, most sunburn can be self‐treated 
with over‐the‐counter medications with return to 
normal in 3–5 days. However, medical consulta-
tion should be sought if there is evidence of 
 second‐degree burns, with involvement of 15% 
or more of body area, combined with one or 
more of the following: fever of 101 °F (38.3 °C) 
or more, evidence of dehydration, pain longer 
than 48 hours, fainting, or nausea (44, 46).

Risk factors for sunburn include (1) fair skin 
color, (2) early sun season exposure (no sun accli-
mation), (3) working in the sun during midday 
(10 am to 2 pm), (4) living close to the equator, 
(5) working or living at high altitude, (6) work-
ing or living in ozone‐depleted regions (Antarctic 
regions and the countries surrounding it, e.g. 
Australia), (7) taking any of the drugs tetracy-
cline, St. John’s wort, oral contraceptives, tran-
quilizers with sun exposure, and (8) lupus or 
other skin diseases such as psoriasis.

Besides those working directly in the sun, 
workers are also exposed to a substantial amount 
of reflected UVA and UVB radiation on water 
(e.g., fishermen) and in snow. Welding also pro-
vides UVA and UVB radiation that can cause skin 
burn. Significant UVA and UVB radiation can 
penetrate the windshield of a truck or tractor cab.

Treatment of first‐degree or mild second‐
degree sunburn consists of pain and inflammation 
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management with acetaminophen or aspirin 
and non‐steroidal anti‐inflammatory drugs (e.g., 
ibuprophen, naproxen). Additional treatment 
includes cool baths, saline or Burrow’s solution, 
and light bandages followed by moisturizers such 
as aloe and topical steroidal creams. Thick petro-
leum‐based products such as petroleum jelly and 
products with topical anesthetics such as benzo-
caine or lidocaine should be avoided. More severe 
burns may require IV fluid therapy for rehydra-
tion with a balanced electrolyte and systemic 
steroids. Advanced skincare may be required as 
well (46). Treatment of photocontact dermatitis 
is similar to that of contact dermatitis, which was 
discussed earlier.

4.8.2  Chronic Sun‐induced Skin 
Disorders

Chronic exposure to sun on unprotected skin is a 
known risk factor for a variety of skin disorders. 
These disorders increase with age. As farming 
often results in a high level of sun exposure, farm-
ers are at increased risk for all these sun‐induced 
skin disorders (47, 48). The most common 
chronic sun‐induced changes to the skin include 
thickening, loss of collagen, elasticity and wrin-
kling (photo‐aging), and development of actinic 
keratoses (48–50). The back of the farmer’s neck 

in Figure  4.6 shows excessive wrinkling and 
thickening. The collar of his shirt shaded the skin 
half‐way down his neck, producing the area of 
sparing. Although this condition is mainly of cos-
metic concern, it does show that extensive chronic 
sun exposure has occurred to the head and neck, 
which increases the risk for actinic keratoses and 
skin cancers.

Actinic keratoses, and basal cell and squamous 
cell carcinomas are caused by chronic long‐term 
sun exposure. These conditions typically do not 
appear until a person is in their late 50s or 60s. 
Actinic keratoses typically appear on the nose, 
cheeks, ear lobes, neck, dorsal surface of the fore 
arms, back of the hands, and other areas that 
receive extensive sun exposure. They present as 
red to brown macules or slightly raised papules 
with a rough scale (see Figure 4.7). Another form 
of keratosis may appear on the lower lip as a light‐
colored scar (called actinic cheilitis). Actinic kera-
toses are primarily of cosmetic concern, although 
they are sometimes painful or pruritic. However, 
a percentage of them (5–10%) may develop into 
squamous cell or basal cell carcinomas. They 
may  wax and wane, resolve spontaneously, or 
progress to skin cancer, though usually with a 
long latency period.

Treatment of actinic keratosis is not an emer-
gency and may be considered elective, depending 

Figure  4.6 Compare the thickened and 
w rinkled skin from chronic exposure to skin protected 
by the shirt collar on this 65‐year‐old farmer. (See 
insert for color representation of the figure.)

Figure 4.7 Actinic kerratoses. (See insert for 
color representation of the figure.)
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on the extent of the lesions, the risk factors for 
the particular individual, and the recommenda-
tions of a medical professional. However, several 
treatment methods are available, such as curet-
tage (minor surgical removal), electrodessication, 
liquid nitrogen freezing, and chemical treatment 
(5‐fluorouracil). The latter two treatments kill 
fast‐growing cells. Imiquimod may be used to 
stimulate the innate immune system. In older 
fair‐skinned patients actinic keratoses may be too 
numerous to treat individually therefore the der-
matologist may treat the entire face with 5‐fluo-
rouracil or with tricholoacetic acid, which results 
in a “face peel,” with the intent to slough the pre-
cancerous cells and replace them with deeper or 
adjacent cells without sun‐damaged DNA.

4.8.3 Skin Cancer
Skin cancer generally has been on the rise since 
the 1940s and only recently (around the year 
2000) has there been a leveling out of reported 
skin cancer cases. Currently, there are over one 
million cases reported annually in the United 
States alone.

Neoplasms are caused by light energy in the 
UV range (200–400 nm), with the greatest risk 
in the UVB radiation wavelength (290–320 nm) 
(51). Ozone in the stratosphere filters out a por-
tion of the UVB radiation. However, the release 
of chlorofluorocarbons from human activities has 
decreased the ozone layer and therefore increased 
the amount of UV radiation potential in sun-
light. Thus, we can expect a continued high prev-
alence of skin cancers in the future.

Farmers, like others in professions with hours 
of work outdoors under the sun, have a signifi-
cantly high risk of acquiring skin cancer. In a 
study of cancer risks among farmers, it was shown 
that they had a higher risk of all types of skin 
cancers on the head or neck but a lower risk of 
skin cancer in other parts of the body (47, 52), 
demonstrating that occupation, lifestyle, and lack 
of protection have great impact on the risk.

It should be noted that in addition to sun 
exposure, chronic exposure to the formerly com-
monly used inorganic arsenical herbicides (not 

licensed by the EPA since the mid‐1950s) also 
caused skin cancers, including carcinoma in situ 
(13). Data from the Agricultural Health Study 
(US) suggests associations of melanoma with prior 
contact with arsenical herbicides in addition to 
three insecticides, maneb, carbyryl (carbmates) 
and parathion (organphosphate) (53).

The most common form of skin cancer is basal 
cell carcinoma (Figure  4.8). These cancers arise 
from deeper layers of the skin (basal layer) that 
give  rise to the superficial layers (epidermis). 
If  untreated, basal cell carcinomas can be very 
destructive locally, but they rarely metastasize. The 
carcinomas occur in the same areas on the skin as 
actinic keratosis and squamous cell carcinomas.

The second most common form of skin cancer is 
squamous cell carcinoma (Figure 4.9). These cancers 
affect the most superficial layers of the skin. They are 
often found in similar locations to actinic keratoses 
(e.g., nose, checks, and ears). A small percentage of 
them may arise from actinic keratoses. They may 
appear as thickened skin or erosions. They may also 
appear on the lips (usually the lower lip).

Most skin cancers (with the exception of mela-
noma) are not highly malignant. Approximately 
2 in 100 cutaneous squamous cell carcinomas 
metastasize. Metastasis is much more common 
when the lesions develop on the lips or ears. 
Usually the spread is to regional lymph nodes, 
although spread to the lung is possible.

Figure 4.8 Basal cell carcinoma. (See insert 
for color representation of the figure.)
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Basal cell carcinomas may spread locally under 
the superficial layers of the skin therefore their 
margins may not be obvious by external examina-
tion. A biopsy may be necessary to determine the 
margins. Although basal cell carcinomas may 
take several different forms in appearance, the 
classic basal cell carcinoma appears as a small red-
dened nodule with an eroded center and rolled 
up edges that contain small blood vessels. A clas-
sic squamous cell carcinoma is not as raised as a 
basal cell, and has a more exophytic (outward 
growth) and crusted appearance to it. It may be 
difficult on examination to tell whether the lesion 
is a basal or squamous cell carcinoma.

Melanoma skin cancers carry the highest risk of 
malignancy relative to other sun‐exposure‐related 
skin cancers. There are four types of melanoma, all 
of which carry a risk of malignancy. Increased risk 
is associated with certain characteristics of the mel-
anoma, including the thickness, extent of mitotic 
figures on microscopic examination, and spread to 
regional lymph nodes. Although one specific type 
of melanoma (lentigo melanoma) has a similar 
association to chronic sun exposure as non‐mel-
anotic tumors. However, for most melanomas sun 
exposure risk is different to that for basal and squa-
mous cell carcinomas (54). Whereas basal and 
squamous cell carcinomas are caused by long‐term 
sun exposure, most melanomas are associated with 
frequent sunburn at an early age. Most melanomas 
do not typically occur on chronically sun‐exposed 

areas of the skin such as the ears, nose, and cheek 
ridge, but on areas of the skin not highly sun 
exposed (e.g., back of the legs). Furthermore, mel-
anomas are difficult to differentiate from a mole. 
A description of the general appearance and char-
acteristics of sun‐related skin cancers is given in 
Table 4.4 (55). Figure 4.10 shows the appearance 
of different forms of melanoma. However, the 
appearance of a skin lesion is rarely diagnostic. 
The key to confirm a diagnosis is a biopsy for his-
topathologic examination.

Treatment of squamous cell and basal cell car-
cinoma includes several options: physical removal 
by radiation, electrodessication, liquid nitrogen 
freezing, curettage (refers to surgical removal of 
abnormal appearing tissue using an instrument 
called a curette), or laser surgery. Moh’s micro-
graphic surgery for basal and squamous cells has 
the highest rate of cure as histologic examination 
of tissues is conducted concurrently with excision 
of tissue to assure all cancerous cells have been 
removed at the margins.

For more information on the epidemiology of 
skin cancers, see Chapter 5.

4.8.4  Prevention of Sun‐induced Skin 
Disorders

All sun‐induced skin problems can be dramati-
cally reduced by the use of protective clothing 
such as a wide‐brimmed hat, and by use of a 

Figure 4.9 Squamous cell carcinoma: two different clinical appearances. (See insert for color repre-
sentation of the figure.)
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broad‐spectrum sunscreen cream of at least SPF 
15. A broad spectrum sunscreen provides both 
UVA and UVB protection. These days no sun-
screen is allowed by the FDA to be labeled as 
all‐day or waterproof protection. Sunscreen is 
best applied 30 minutes before sun exposure, 
again 30 minutes after sun exposure, and every 
2 hours following. Sun blocker or sun barriers 

such as zinc oxide or titanium dioxide are other 
options. If appropriately applied, they block all 
sun radiation. Blockers have been recommended 
by some for very young children; as with sun-
screens (those containing PABA), there is a low 
risk of photoallergy. For farmers, the practical 
experience of this author (KJD) has found that 
farmers will more likely carry and use sunscreens 
in pump sprayers compared to creams. Some 
clothing now is  SPF‐rated, but most clothing 
covering the skin  provides adequate protection. A 
broad‐brimmed hat is a very important protec-
tive piece of clothing. Baseball style hats are more 
common among farmers, but well‐styled western 
or Australian‐styled hats are becoming more 
acceptable and should be encouraged. Staying or 
working in a shaded area from noon until two 
o’clock daylight saving time is highly recom-
mended when possible (43, 45).

Table 4.4 Characteristics of skin cancers

Basal cell carcinoma
1. The lesion location is on a primary sun‐exposed skin 

surface (i.e., cheek bones, nose, ears, back of hands).
2. A persistent, non‐healing sore that may bleed, ooze, or 

crust.
3. A reddish plaque that may be irritated, itch, or hurt, 

and usually occurs on the cheek bones, ears, nose, or 
irritated area.

4. A shiny bump or nodule that is pearly or translucent 
and is often pink, red or white.

5. A pink growth with a slightly elevated rolled border 
with tiny blood vessels (telangiectasis) with an eroded 
center, giving a crater‐like appearance.

6. A scar‐like area that is white, yellow or waxy, and often 
has poorly defined borders.

Squamous cell carcinoma
7. The lesion location is on a primary sun‐exposed skin 

surface (i.e., cheek bones, nose, ears, back of hands).
8. A wart‐like growth that crusts and occasionally bleeds.
9. A persistent, scaly red patch with irregular borders that 

sometimes crust or bleed.
10. An open sore that bleeds and crusts, and persists for 

weeks.
11. An elevated growth with a central depression that 

occasionally bleeds.
12. A growth of this type may rapidly increase in size (SCF, 

2001).

Melanoma (the ABCDs and differentiation from 
common moles)
13. The lesion may be located on almost any part of the 

body.
14. “A” is for asymmetry: one side of the tumor does not 

match the other side. Moles are round and 
symmetrical.

15. “B” is for border: the borders of early melanomas are 
usually irregular. Moles have smooth and regular 
borders.

16. “C” is for color: varied shades of brown, tan, or black, 
and in later stages red, blue, and white colors may be 
present. Moles may be differentiated in that they 
usually are a single shade of brown.

17. “D” is for diameter: Melanomas are usually larger than 
¼ inch (7 mm) in diameter (the size of a pencil eraser). 
Moles usually are smaller.

Benign

Symmetrical

Even edge

One shade

Smaller than
6 mm

A = Asymmetrical

B = Border

C = Color

D = Diameter

Larger than
6 mm

Malignant

Asymmetrical

Uneven edge

Two or more shades

Figure 4.10 The ABCDs of melanoma aid in 
the presumptive differentiation of a mole (nevus) 
from a melanoma. (Source: http://www.cancer.gov/
types/skin/moles‐fact‐sheet#q9.). (See insert for color 
representation of the figure.)



176 Agricultural Medicine

4.9  Skin Disorders Related to Heat, 
Cold, and Humidity

4.9.1 Heat‐induced Dermatoses
Hot, moist environments can cause a series of 
conditions resulting from obstruction of the 
sweat ducts. Lack of evaporation due to hot, 
humid environments and areas of the skin not 
well ventilated enhances skin damage and bacte-
ria growth. Staphylococcal infections have been 
incriminated in this situation due to blockage 
and rupture of the sweat ducts and release of 
sweat within the skin (56–58). If the blockage is 
near the opening of the duct, sweat leaks into the 
superficial skin layer (stratum cornium). This 
produces small clear vesicles and is termed mili-
aria crystallina (sudamina). Typically, there are no 
accompanying symptoms with this condition. If 
the duct ruptures in the deeper layers of the epi-
dermis, the condition miliaria rubra develops 
(prickly heat). Inflammation of tissues surround-
ing the ruptured duct results in a rash, character-
ized by uniform small red papules or vesicular 
papules, which are regularly spaced. The regular 
spacing pattern may result because the lesions are 
located near hair follicles. However, close obser-
vation will reveal that they lie between hair folli-
cles. Miliaria is commonly found in areas where 
moisture may collect, such as body fold areas and 
under the arms. Also, it occurs at sites of pressure 
and areas of friction such as the belt line (59, 60). 
Symptoms of miliaria rubrae include stinging, 
often reported as a feeling of being pricked with 
pins and needles. An intense pruritus (itching) 
may develop. Miliaria rubrae is by far the most 
common condition of this series. If the duct rup-
tures at the junction of the epidermis and the 
lower skin layer (dermis), a condition called mili-
aria profunda develops, which is characterized by 
1–3 mm papules without pain of itching. Sweat 
ducts in this condition may be rendered func-
tionless, and this could lead to greater future 
risk of heat stress or compensatory sweating on 
unaffected areas of the skin.

Treatment of miliaria rubrae depends on 
removal of the patient from the hot, humid 

e nvironment. Topical application of water‐based 
(not oil‐based) steroid preparations is often help-
ful, as is a topical water‐based or powder‐based 
antibiotic. Application of the astringent calamine 
lotion may help reduce itching. Anhydrous lano-
lin may help to retard or prevent further sweat 
duct damage (56).

Prevention of miliaria involves avoiding sus-
tained heat and humidity by commonsense meas-
ures such as wearing cool, well‐ventilated 
clothing, and using fans and air‐conditioners to 
keep one’s workplace (if possible) and home cool. 
Regular bathing and application of talc or similar 
body powders at the beginning of the work day 
will help absorb moisture and reduce friction and 
the risk or severity of miliaria rubra.

Excessive sweating may cause intertrigo, which 
is an erythematous eruption in body folds with 
maceration and risk for secondary bacterial and 
candidal (yeast) infection, especially among the 
obese. Barrier creams such as zinc oxide and the 
topical antifungals are often helpful either sepa-
rately or when combined. Careful drying after 
bathing or sweating is an important adjunctive 
approach, and powders should be avoided as they 
can become paste‐like with moisture and cause 
additional irritation.

4.9.2 Cold‐related Skin Disorders
Chilblains (perniosis) is a mild form of cold 
injury. Distal areas of the body, like fingers, toes, 
nose and ears, are especially affected. The lesions 
are swollen with bullae, ulcerations, and reddish‐
blue discolorations. Treatment is symptomatic.

In frostbite there is an impairment of circula-
tion. Superficial frostbite only affects the superfi-
cial layers of the skin. In more severe cases deeper 
layers are affected, with risk of gangrene. The 
consequences of a deep frostbite cannot be evalu-
ated immediately. Several weeks have to pass to 
accurately estimate the tissue loss. Even minor 
frostbites may result in a long‐term hypersensitiv-
ity to cold, including Raynaud‐like reactions, 
paresthesias, and hyperhiderosis. For more infor-
mation on heat‐ and cold‐related conditions see 
Chapter 9.
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Chapter

5

5.1 Introduction

A 68‐year‐old dairy farmer in Eastern Iowa 
(United States) had been complaining of back 
pain and difficulty urinating for at least 2 years. 
At the continued insistence of his wife, he made 
an appointment with a physician (the first time 
he had been to a doctor in 15 years). A digital 
rectal exam revealed an enlarged and somewhat 
irregular prostate. A follow‐up prostate‐specific 
antigen blood test was elevated. He was referred 
to a urologist, the nearest one being over 120 km 
away, which required overnight travel. It took 
several days for him to organize someone to feed 
and milk the cows in his absence. A biopsy 
revealed prostate cancer, which had spread 
beyond the capsule. Additional tests showed the 
cancer had spread to several pelvic lymph nodes 
and also to the vertebrae of the backbone. He was 
given the choice of chemotherapy and radiation, 
castration, or estrogen therapy. The first three 
choices would mean having to leave the farm and 
not being able to take care of his dairy operation. 
The last option would allow him to maintain his 
farm with perhaps a lesser potential for the best 
possible long‐term outcome. He was concerned 
that he could not afford to pay for the more 
expensive treatment. He discussed the options 

with his family physician. Given all the informa-
tion and his perceived limitations, he chose the 
estrogen therapy, and stayed at home to tend his 
cows as long as he could. The farmer was able to 
work for about 8 months longer, until he got too 
sick. He died at his home under the care of a rural 
visiting nurse, a year after the diagnosis.

His physician expressed regret that he had not 
come in sooner, for the cancer may have been 
arrested before it spread. The farmer’s wife 
expressed concern that there may be a cancer epi-
demic, as she knows at least four other people 
that live within a 2‐mile radius that have cancer. 
She wanted to know if the pesticides they have 
used all these years may have been the cause. The 
physician could not answer her questions.

This case (based on a real case, a farm neigh-
bor and friend of this author (KJD)) is illustrative 
of the common cultural, psychosocial, and health 
care accessibility considerations of cancer in rural 
and agricultural populations compared to urban 
populations. Healthcare access in rural areas is 
generally distant, which creates challenges for 
screening and other clinical preventive services 
access. Furthermore, work and care of livestock 
and the farming operation generally takes prece-
dence over care of self. However, when rural 
women have cancer, they may be less likely to be 
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concerned about the farm, and feel isolated, not 
supported or understood by their spouse. Rural 
people are conflicted about the chemicals they 
work with in that they cannot make a living with-
out them, yet fear they may cause cancer or other 
health problems. The fear is exacerbated when 
several cancer cases are detected in their neigh-
borhood. However, investigation of these “clus-
ters” does not often find a cancer rate beyond 
that  expected. Healthcare providers and other 
scientists have not yet been able to provide con-
clusive facts about cause–effect for exposure to 
chemicals in their environment, increasing their 
concern. This case is an example of the socioeco-
nomic aspects of cancer in the farm population. 
These factors are critical to implementation of 
diagnosis, treatment, and prevention in this 
 population. Following a discussion of the epide-
miology, risk factors, causation, and prevention 
associated with agricultural cancers, the final 
paragraphs will return to these “social medicine” 
and prevention factors, which are so critical for 
health and safety professionals to understand and 
practice to decrease the burden of cancer in their 
farm patients/clients.

The case example above indicates the broad 
emotional context incorporated in the term “can-
cer,” which tends to deviate from a rational 
approach to this disease, often creating a focus on 
cure rather than prevention and loss of a broad 
health and safety perspective of these diseases 
relative to other diseases. Furthermore, there has 
been a greater focus on pesticides relative to other 
causes of cancer. This chapter aims to help the 
reader obtain a broad understanding of cancer 
and prevention in the context of agricultural 
environmental exposures generally. It should be 
noted that ascribing cause‐effect of exposures to 
cancer is very challenging and can be confusing. 
The authors will attempt to facilitate understand-
ing of the vast amount of literature on this 
 subject. It should be noted that cancer has been 
one of the areas in agricultural medicine that has 
garnered a major portion of research and preven-
tion resources. The World Health Organization’s 
International Agency on Research in Cancer 

(IRAC) reviews and assimilates data from around 
the world to enhance the generalization of data 
on epidemiology, agents, mechanisms, and pre-
vention. In the United States the Environmental 
Protection Agency (EPA), the National Institutes 
of Cancer and Environmental Health Sciences, 
and the National Institute for Occupational 
Safety and Health collaborate in the research into 
and prevention of cancer. Most industrialized 
countries have similar agencies and resources 
addressing the topic. Determining the cause‐
effect of agents in disease often requires concord-
ance among several lines of scientific discovery, 
including epidemiologic studies (with control of 
variables and biases), accurate exposure studies, 
and evidence of a plausible biologic mechanism. 
Reviewing these three critical areas of evidence, the 
authors hope to provide a functional understand-
ing of cancer as an occupational disease in 
agriculture.

5.1.1  Epidemiology of Cancer in  
Farm Populations

There have been well over 300 articles pub-
lished on the epidemiology of cancers in farm 
populations in the past 20 years. However, 
there are several limitations of these epidemio-
logic studies that should be recognized. 
Designing definitive cancer epidemiologic 
studies is challenging due to the nature of 
chronic diseases and the lack of availability of 
reliable exposure data and comprehensive pop-
ulation data. Most available studies are descrip-
tive and ecologic in nature in that they are not 
well controlled, without quantitative exposure 
variables, and not prospective in design. Most 
studies are mortality studies (fatal cases). There 
is little data on cancer morbidity, that is, counts 
that include cancer survivors, those living with 
cancer or treatable cancers where people may 
die of co‐morbidities rather than the cancer 
itself. More morbidity data are therefore needed 
to determine the overall cancer burden on the 
farm population. To identify risk factors, accu-
rate quantitative exposure data are required that 
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may be applied to more detailed analyses such 
as prospective, case‐control, and logistic regres-
sion studies. Also, there is abundant informa-
tion that often multiple agents and co‐factors 
(e.g., genetic and lifestyle factors) coalesce, 
resulting in cancer. Designing and conducting 
epidemiologic studies to control for these 
numerous variables is challenging, and few such 
studies are available at this time. However, there 
have been notable studies in the United States 
within the past two decades that have been 
designed to address these deficiencies (1, 2). 
The Agricultural Health Study (AHS) (2–6) is 
the most comprehensive study of cancer in farm 
populations that has been accomplished to 
date. The AHS is a prospective cohort study 
that in 1993 began to collect associated expo-
sure data. The study team enrolled 89,658 
p eople in Iowa and North Carolina who took 
the US EPA training and examination to obtain 
the certificate required to acquire and apply 
restricted‐use pesticides. The cohort consisted 

of 52,395 applicators (farmers), 32,347 of their 
spouses, and 4916 commercial applicators 
(most are farmers). Future plans for the AHS 
include continued data collection and follow‐
up for health outcomes for the foreseeable 
future (expected to continue to at least 2018). 
Table 5.1 depicts the leading causes of fatalities 
in the AHS cohort over the 14‐year period 
from 1993 to 2007 (3, 4). Non‐cancer illnesses 
(e.g., heart disease and diabetes among others) 
accounted for 56.2% of the fatalities. 
Unintentional injuries of all types and sources 
accounted for 10.2% of the fatalities. The 
remaining 33.6% of fatalities were caused by 
cancer. A comparative estimate of fatalities in 
the general population suggest the AHS cohort 
is relatively lower in non‐cancer illness, lower in 
unintentional injuries by 8%, and lower in 
c ancer deaths by about 10% (7).

The leading cancer deaths in the AHS 
cohort are from lung cancer (25.4% of cancer 
deaths, 8.5% of all deaths) and intestinal 

Table 5.1 Cancer and other leading causes of mortality in the Agricultural 
Health Study 1993–2007

Cause of mortality n All cancer 
fatalities (%)

All fatalities 
(%)

Injuries 496 10.2
Illness (non‐cancer) 2,743 56.2
Cancer total 1,641 33.6

Cancer type
Lung 417 25.4 8.5
Intestinal 190 11.6 3.8
All lymphatic and hematopoietic 238 14.5 4.9

Leukemia 91 5.6 1.9
Non‐Hodgkin’s lymphoma 90 5.5 1.8
Multiple myeloma 52 3.2 1.1
Hodgkin’s lymphoma 5 0.3 0.1

Prostate 171 10.4 3.5
Pancreas 103 6.3 2.1
Kidney 71 4.3 1.5
Brain 59 3.6 1.2
Liver and gall bladder 50 3.1 1.0
Urinary bladder 35 2.1 0.7
Stomach 26 1.6 0.5
All other cancers 281 17.1 5.8

Pesticide applicators: n = 57,310.
Fatalities: n = 4880.
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c ancer (1l.6% of all cancer deaths, 3.8% of all 
deaths). Cancers of the blood and lymphatic 
system are the third most common cancer 
causes of death (14.5%) followed by prostate 
(10.4%), pancreas (6.3%), kidney (4.3%), and 
brain (3.6%). However, there are significant 
differences in the rates of these cancers and 
other cancers compared to the general popula-
tion. The overall cancer mortality among farm-
ers has been shown to be lower than comparison 
populations in many studies in the United 
States and other developed agricultural coun-
tries. The AHS findings from the United States 
help to quantitatively define these differences, 
as shown in Table 5.2 (3, 4).

The overall standardized mortality ratio 
(SMR) in the AHS cohort for cancer fatalities is 
0.61 and the standard incidence ratio is 0.85 
(2, 6) (this means that cancer fatalities are 39% 
less common compared to the general popula-
tion, and cancer occurrences (including cancer 
survivors and those living with cancer) are 15% 
less common). The overall cancer burden among 

farmers is lower primarily because the most 
 common fatal cancer (lung cancer) is reduced, 
lowering the overall cancer mortality rate.

Table 5.2 lists the cancers for which the farm 
population is at lower risk (3, 4).

However, there are certain cancers for which 
the farm population has increased risks 
(Table  5.3; 3, 4). Similar cancer patterns as 
described above exist in farm populations in 
other industrialized (1, 6, 8–12) countries. Data 
from the AHS indicate that the lowered lung 
cancer mortality in farmers explains 60% of the 
overall lowered  cancer deaths relative to com-
parison populations (1, 4). Although lung can-
cer is lower, it still is the number one cause of 
cancer deaths in the farm population, account-
ing for over 25% of the total cancer deaths (4, 
6), which suggests that prevention must target 
lung cancer as well as other  cancers. There are 
several less common cancers that also cause 
lower mortality in the farm population, includ-
ing urinary bladder, liver, oral, esophagus, 
i ntestinal, rectum, pancreas, brain, prostate and 

Table 5.2 Cancers with decreased mortality and incidence ratios in the 
Agricultural Health Study relative to the general population (1993–2007)

Cancer type Cancer fatalities 
(n) in 57,310 
member cohort

SIR SMR

All cancers 1626 0.85a 0.61a

Lung 417 0.48a 0.43a

Urinary Bladder 35 0.59a 0.55a

Liver and gall bladder 50 0.73 0.70a

Oral (buccal, pharynx) 16 0.56a 0.34a

Esophagus 48 0.64a 0.51a

Intestine 158 0.87a 0.75a

Rectum 32 0.69a

Pancreas 103 0.72a 0.75a

Prostate 171 1.19a 0.81a

Brain 59 0.78 0.76a

All lymphatic and  
hemopotetic

238 0.98 0.88a

SIR, standard incidence ratio (number of cases compared to that expected for the general 
population).
SMR, standard mortality ratio (number of fatalities compared to that expected for the general 
population).
a p ≤ 0.05.
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blood and lymph tissue. The incidence of these 
cancers generally tracks the mortality ratio, 
except for prostate cancer where the incidence 
(but not mortality) is higher compared to the 
general population (3, 4, 8, 9). This suggests 
that either prostate cancers are less malignant in 
farmers or they receive more effective curative 
care. It is unlikely that the difference is due to 
the latter; the case history in the introduction is 
an example of the general late arrival to diagnosis 
and treatment of farmers.

Although farmers may experience decreased 
overall cancer mortality due to lung and several 
other cancers, there are several cancers for 
which they suffer excess morbidity and mortal-
ity. The specific cancer risk rates vary to some 
degree between studies. However, the combined 
results of these studies corroborate the increased 
risk for the following cancers: (1) leukemia, (2) 
non‐Hodgkin lymphoma, (3) Hodgkin lym-
phoma, (4) multiple myeloma, (5) skin cancers 
(including squamous cell carcinomas (SCCs) 
and basal cell carcinomas (BCCs), lip cancer, 
and melanoma), (6) soft tissue sarcoma, (7) 
prostate cancer, (8) testicular cancer, (9) brain 
cancer, and (10) stomach cancer (3, 4, 8–11). 
Although these findings are quite consistent 
among studies in industrialized countries, these 
cancers (with the exception of prostate cancer) 
are not common cancers. Furthermore, the 

r elative risks of these cancers are generally not 
great, ranging from 20 to 200% above compari-
son populations, with risk rates generally near 
the lower limit of this range. Table 5.3 depicts 
those cancers of increased morbidity (inci-
dence) and mortality in the AHS (3, 4). These 
data indicate statistically increased incidence 
(SMR 2.45) and mortality (SMR 1.61) for 
ovarian cancer, and increased incidence of 
prostate cancer (SMR 1.19), but not increased 
mortality (0.81). Increased incidence and/or 
mortality (but not statistically s ignificant) 
were  seen for lip, multiple myeloma, eye, and 
thyroid cancer.

There are some minor differences in the can-
cer statistics in the AHS compared to other 
studies (2, 3). For example, in the AHS there 
was no increased incidence found for some can-
cers although other studies revealed increased 
rates for Hodgkin lymphoma, non‐Hodgkin 
lymphoma, leukemia, brain cancer, and lip can-
cer. AHS results revealed in women an increase 
in ovarian cancer (not generally seen in other 
studies). There was an interesting comparison 
of the applicator (farmer) group to the com-
mercial pesticide applicators in this study. The 
latter had almost identical cancer rates and pat-
terns to the general population, but their aver-
age age was younger, and tobacco and alcohol 
use were similar to the general population, 
but  higher than the farm cohort (1, 2, 5, 6, 
9, 12–14).

The less common cancers (not counting lung 
and intestine) in the farm population (AHS 
applicators) accounted for 63% of the total can-
cer deaths. The implications of this are relevant to 
prevention in that a focus on these less common 
cancers is important in addition to lung and 
colon cancer in order to have a potential impact 
on the overall cancer burden of the farming 
population.

There are apparent lifestyle and other cancer‐
protective factors in the agricultural popula-
tions that mask the magnitude of the burden 
of  cancer to famers (relative to comparisons to 
general  populations). Waggoner compared cancer 

Table 5.3 Cancers of increased incidence and 
mortality ratios in the Agricultural Health Study 
(1993–2007)

Cancer type SIR SMR

Lip 1.30 Not reported
Ovary 2.45a 1.61
Multiple myeloma 1.20 1.01
Eye Not reported 1.98
Thyroid 0.98 1.53
Prostate 1.19a 0.81a

SIR, standard incidence ratio (number of cases compared to 
that expected for the general population).
SMR, standard mortality ratio (number of fatalities compared 
to that expected for the general population).
a p ≤ 0.05.



186 Agricultural Medicine

mortality to all causes of death in the AHS cohort 
(4). Table  5.4 lists computed relative standard 
mortality ratios (rSMR) comparing the observed 
cancer fatalities to all causes of fatalities in the 
AHS cohort (4). This gives a picture of the rela-
tive burden of cancer compared to other causes of 
death. It can be seen that many of the cancers 
that were not statistically significant compared to 
the general population, and were in fact relatively 
more significant causes of death within the AHS 
cohort. The overall rSMR for all cancers is 20% 
higher within the farming cohort, led by ovarian, 
thyroid, eye, multiple myeloma, kidney, leukemia, 
non‐Hodgkin lymphoma, and prostate cancers. 
These data  provide additional insight as to which 
cancers to include in education and  prevention 
efforts.

5.1.2 Trends
As there has been tracking of cancers in some 
populations for over 30 years, some trends have 
been noted. Since the 1970s, data from the Iowa 
cancer registry and the AHS in rural and agri-
cultural populations has evidenced a decreasing 
trend in stomach cancer, with relative rates 
dropping from 1.14 to 1 in the 1990s and a 
slight downward trend with leukemia. There has 

been an increase noted over this time in cancer 
of the prostate, large intestine, pancreas, non‐
Hodgkin lymphoma, and multiple myeloma 
(1). There are some similarities to cancer trend 
patterns in the general population, as noted by 
some evidence of increased rates in prostate, all 
skin cancers, non‐Hodgkin lymphoma, multi-
ple myeloma, and brain cancer. It is interesting 
to note that the trend in the farm population 
appears to parallel to some degree the trend in 
the general population. It would therefore 
appear that there are some shared risk factors of 
the farm and general populations. Some of the 
trends have an obvious explanation, for example 
Milham (14) reported an increase in lung cancer 
in the 1970s–1990s in Washington state orchard 
workers. This excess was related to the use of 
inorganic arsenical pesticides. However, these 
have not been used since the 1950s, and that 
risk factor and the excessive lung cancers in that 
sub‐population have now diminished. Similar 
changes in the use of other chemicals may be 
responsible for the observed trends. For exam-
ple, many organochlorine and organophosphate 
insecticides (of which several have shown asso-
ciations with certain cancers) have been banned 
or severely restricted in usage, replaced by less 
toxic products (e.g., pyrethroids and neonicoti-
noids). Matching surveillance trends with cur-
rent chemical usage patterns may reveal 
important associations. Monitoring trends in 
cancer incidence is very important to assist 
 scientists as to the direction of research and 
p reventive practice. Blair and colleagues (15) 
have made an important argument for prospec-
tive cohort studies as these are the best way to 
monitor trends as well as occupational risk 
f actors for cancers.

5.1.3  Mechanisms of Causation: 
Protective Factors  
and Risk Factors

As mentioned above, understanding the causa-
tion of cancer involves analysis of the relation-
ships of exposures and outcomes, protective 
factors, and risk factors.

Table 5.4 Causes of cancer deaths relative to all 
causes of death in the Agricultural Health Study

Type rSMR

All cancers 1.20a

Eye 3.69a

Ovary 3.00a

Thyroid 2.85a

Multiple myeloma 1.89a

Kidney 1.62a

Leukemia 1.59a

Non‐Hodgkin’s lymphoma 1.57a

Prostate 1.53a

Melanoma 1.42a

Brain 1.42a

Intestine 1.41a

Pancreas 1.40a

Lung 0.78a

rSMR, relative standardized mortality ratio.
a p ≥ 0.05.
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The protective factors reported in several stud-
ies have cited some lifestyle habits among farmers 
that appear to retard cancer. Cigarette smoking 
has long been known to be a strong risk factor for 
cancers of the lung, head and neck, stomach, 
pancreas, colo‐rectal, kidney, bladder, acute mye-
loid leukemia, uterus, cervix, and ovary (16). 
Long‐term cigarette smokers (compared to never 
smokers) have over 25 times the risk of acquiring 
lung cancer and five times the risk of acquiring 
one or more of the other smoking‐related cancers 
(17). As for farmers, lower smoking rate has been 
cited numerous times as a major protective 
behavior. Farmers in most developed agricultural 
communities smoke significantly less than the 
general population. For example, in the Iowa 
AHS cohort, 11.3% were current smokers at time 
of enrollment (1993–1997) (3) compared to 
20.5% of the 2014 US general male population. 
Other surveys of smoking prevalence among 
farmers range from 50% less to nearly 66% less. 
Several authors use this difference to explain 
the  relative decrease in smoking‐related cancers 
(6, 8, 11, 18, 19).

An additional lifestyle protective factor is the 
decreased use of alcohol relative to the general 
population (6). It has been shown that the com-
bination of smoking and alcohol is a risk factor 
for head and neck and esophageal cancer (16). 
Several other authors have also identified a 
decreased use of alcohol among farmers associated 
with a decrease in overall cancer rates (1, 11, 20). 
Others propose that increased physical activity 
among the farming population is also protective 
for cancer, especially for colon cancer. Other can-
cers have also shown a decrease relative to exercise 
including lung, mouth and throat, liver, pancreas, 
bladder, and kidney (6).

Others have suggested that the dietary habits 
of farmers are protective of cancer. Increased con-
sumption of fresh fruits and vegetables and higher 
fiber diets contribute to cancer protection. 
Farmers generally have a higher caloric intake, 
but their body mass index is quite similar when 
compared to the general population. A recent 
study revealed that farmers have lower cholesterol, 
blood pressure, and resting heart rate relative to 

the general population (21). These data suggest 
that farmers are more physically fit due to greater 
amounts of exercise/work, compensating for 
higher caloric intake. Farmers receive a higher 
percentage of calories from protein, and propor-
tionally a higher percentage of that protein comes 
from red meats (suggesting they have less caloric 
intake from monosaccharide carbohydrates in 
their diet). Although they have a lower intake of 
vegetables, they have a higher intake of fruits. 
Their fiber intake is slightly higher. Although exer-
cise and diet appear protective, obesity rates 
(greater than BMI of 30) appear to be similar to 
those of the general population (22). Several stud-
ies suggest an association of obesity as young adults 
is a risk factor for two agricultural‐associated can-
cers: multiple myeloma and bowel cancer (23, 24).

One interesting hypothesis for an alternative 
or additional protective factor for cancer in the 
farm population is exposure to endotoxin. As dis-
cussed in Chapter 3, endotoxin is a component of 
the cell membrane of Gram‐negative bacteria 
and  is found in high concentrations of most 
 agricultural dusts. Endotoxin is a strong inflam-
matory substance. When inhaled, endotoxin can 
cause respiratory and generalized symptoms. 
Mastrangelo (25) conducted a comparison study 
of cancer outcomes in dairy farmers, comparing 
their outcomes to cancer outcomes in crop farm-
ers and orchardists. They found that overall lung 
cancer in dairy farmers was reduced relative to 
the comparison groups. Furthermore, there was a 
greater decrease in lung cancer as the length of 
time in dairy farming increased and the amount 
of land associated with the dairy farms increased. 
The authors interpreted these exposure measures 
as surrogates for increasing endotoxin exposure, 
and thus protective for lung cancer. They hypoth-
esized that endotoxin exposure increased tumor 
necrosis factor from the stimulated alveolar 
 macrophages, retarding the development of lung 
cancer cells. Lange (26) supports this hypothesis, 
noting that endotoxin is an immunomodulator, 
which not only stimulates production of tumor 
necrosis factor but activates lymphocytes and 
 prevents cancer by that mechanism, especially 
lung cancer.
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5.1.4  Mechanisms of Cancer 
Causation

It must be noted that cancer is not just one  disease, 
but many diseases. Each cancer type has its own 
biology, which means there may be several mecha-
nisms and risk factors. Several general hypotheses 
of cancer causation exist, including immunotoxic-
ity (certain chemicals disturb the normal ability of 
the innate immune system to detect and attack 
cancer cells), genotoxicity (damage to the DNA of 
normal cells, turning them to cancer cells) (6), 
chronic inflammation, oxidative stress, and chro-
mosomal aberrations (27). One type of chromo-
somal aberration is shortening of telomere length. 
Telomeres are nucleotide chains at the end of 
chromosomes that prevent chromosomal dys-
function during cell division. Although telomeres 
shorten with each cell division, cancer agents may 
enhance the  normal (aging) shortening of telom-
eres, leading to cancer (27).

Even with some understanding of the general 
biological mechanisms of cancer causation (as 
previously mentioned), establishing specific 
occupational causation and risk factors is a diffi-
cult job. Information to establishing causation in 
populations requires numerous repeated and 
controlled epidemiologic studies, quantitative 
exposure assessment, biological plausibility, and 
biological in vitro and or in vivo studies. Although 
numerous studies have been performed, occupa-
tional cancer causation in the farming population 
remains only partially defined. The following 
pages will review some of the essential epidemio-
logical research associated with cancer in agricul-
tural populations.

5.1.5  Known and Potential Cancer 
Agents in Farming Populations

Well over 300 papers have been published in the 
past decade that have found associations with 
cancer to a diverse array of chemicals and other 
agents. However, associations are not necessarily 
cause‐effect, which adds to the complexity of 
interpreting the available data relative to recom-
mending preventive measures.

The primary class of potential farm-related 
agents investigated has been pesticides. However, 
there are many other potential agents (besides 
pesticides) used in agriculture that present con-
founding complications in epidemiologic studies 
(28). There is a need to evaluate the plethora of 
available data in a meta‐analysis process to deter-
mine the weight of evidence for causation, as has 
been done for certain cancers by individual inves-
tigators. In a broader approach to this task the 
International Agency for Research on Cancer 
(IARC) of the World Health Organization, an 
inter‐disciplinary organization, has brought 
together skills in epidemiology, laboratory sci-
ences, and biostatistics to identify in a compre-
hensive way the causes and prevention of cancer. 
IARC publishes reference materials, including a 
broad analysis of available research, via a strict 
protocol to identify potential cancer agents and 
classify them according to weight of evidence 
relative to causation. The results are relatively 
conservative as it takes significant evidence from 
several fields of research to classify specific agents 
as cause‐effect for cancer. Table 5.5 lists possible 
agents (selected from the larger general IARC list 
as substances with potential occupational expo-
sures to farmers) (28). Only eight substances with 
possible occupational exposures to farmers are 
listed in Group 1 (human carcinogens):

1. Ultraviolet radiation (sun and arc welding): It 
is clear that chronic sun exposure is related to 
non‐melanotic (BCCs, SCCs, and lip) skin 
cancers. There is evidence that chronic sun 
exposure may also be a risk factor for melano-
mas in some regions (such as in Sweden) (9) or 
with a particular type of melanoma (lentigo) 
(16). However, most melanomas generally 
appear to be associated with frequent sunburn 
at an early age (16).

2. Aflatoxin: Aflatoxin is a mycotoxin produced by 
the fungus Aspergillus flavus, known to be carci-
nogenic to the liver in animal studies. Exposure 
potential is primarily from ingestion of moldy 
grain. Occupational exposure could come from 
inhalation of dusts from moldy grain. There 
are numerous mycotoxins produced by various 
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mold species. A plausible carcinogenic mecha-
nism is that mycotoxins may alter the immune 
system, allowing cancer cells to persist (29), but 
inhalation exposure and associated cancer has 
not been shown.

3. Inorganic arsenical pesticides: Inorganic arseni-
cal pesticides and herbicides are known causes 
of lung cancer and skin cancer (16). However, 
these chemicals have been banned since the 
1950s, and so that occupational risk has been 
removed from the farming population (14).

4. Diesel exhaust fumes: Diesel exhaust fumes con-
tain polycyclic aromatic compounds which 
affect the immune system by decreasing IgG 
and IgA antibody production. Diesel exhaust 
fume exposures have been associated with 
lung cancer. Exposures in farming can occur 
while operating most modern tractors and 
harvesters as they are commonly powered by 
diesel engines.

5. Formaldehyde: Formaldehyde is occasionally 
used as a footbath for herd treatment and pre-
vention of foot and hoof infections, primarily 
for dairy cattle and sheep, but also occasionally 
for goats and pigs. A container with 5% forma-
lin and perhaps other biocides is placed an 
area where the animals have to regularly walk 
through it. The use is to prevent or control 
infections of the hoofs, interdigital space, and 
feet. The primary condition of cattle and sheep 
is called foot rot, caused by different bacterial 
agents. Another foot disease of dairy cattle is 
hairy heel wart. An additional (but less com-
mon) farm usage of formaldehyde is as a 
fumigant in swine or poultry buildings.

6. Helicobacter pylori: Farmers can be exposed to 
Helicobacter pylori, a bacterial agent known as 
the cause of stomach ulcers and possible stom-
ach cancer in humans. Pigs also harbor this 
agent, which is thought to be a zoonotic agent.

7. Schistosoma haematobium: Schistosoma haemato-
bium is a protozoan parasite found in Africa and 
the Middle East that can infect farmers and fish-
ermen through water contact. Chronic infec-
tion has been associated with bladder cancer.

8. Dioxin: Dioxin has been noted as a cause of 
several types of cancers in humans. Dioxin was 

found to be a manufacturing contaminant of 
the phenoxyacetic acid herbicides 2,4‐D and 
2,4,5‐T, which are commonly used broad‐leaf 
herbicides. Use of these herbicides has shown 
associations with soft tissue sarcoma and non‐
Hodgkin lymphoma. The data on this subject 
are not consistent, but the herbicide 2,4,5‐T 
has been banned. The manufacture of 2,4‐D 
has been improved to reduce dioxin contami-
nation to sub‐toxic concentrations.

IARC Group 2A (less evidence of carcino-
genicity) includes four probable agents that could 
have occupational exposures for farmers. Captafol 
is a now‐banned fungicide. Creosote is a distilla-
tion product of wood or coal tar, used as wood 
preservative among other things. Farmers can be 
exposed by handling treated wooden fence posts 
or animal topical medicines that contain creo-
sote. Experimental animals exposed to creosote 
have developed skin cancer. Nitrates are common 
contaminants of surface and shallow water wells 
(which may be drinking‐water sources in farming 
areas) due to run‐off contamination from fertiliz-
ers or animal wastes. Atrazine (a corn herbicide) 
may be an accompanying contaminant. Atrazine 
and nitrate may combine in the acid medium of 
the stomach to produce nitrosamines, which are 
known carcinogens (18). Some non‐arsenical pes-
ticides are also listed in Group 2A. Although most 
of those chemicals have been either banned or 
severely restricted in usage, the organophosphate 
insecticides malathion and diazion, as well as the 
herbicide glyphosate, remain in use. These expo-
sures will be discussed in more detail below. 
IARC also lists 13 substances in the Group 2B 
(possible carcinogens) that may have farm expo-
sures. Table  5.5 lists these possible agents and 
how farmers might be exposed.

5.1.6  Animal Exposures as Possible 
Cancer Hazards

Animal contact has been associated with a variety 
of hematopoietic cancers in farm populations. 
These associations have been seen with cattle, 
chickens, cats, and pigs (11). The first three of 
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these species have well‐described tumor viruses, 
and several studies have led to hypotheses that 
these animal tumor viruses may infect humans, 
causing cancer. Associations with cattle tumor 
viruses have been studied most extensively. The 
most common cancer in cattle is bovine lympho-
sarcoma (BLS), which is caused by a virus very 
similar in genetic sequence to the human type 2 
leukemia and HIV viruses. Ecologic associations 
of human leukemia (particularly acute lympho-
cytic leukemia) have been seen with dairy farm-
ing (20). The incidence of leukemia has been 
shown to be higher in areas of high dairy cattle 
density, and with increased prevalence of diag-
nosed BLS in the cattle population (30, 31). The 
incidence of BLS virus infection in dairy herds is 
quite high, with about 30% of the herds infected 
in some regions (compared to about 1% of beef 
herds). However, only a small percentage of 
infected cattle develop BLS in their lifetime. (It 
should be noted that beef and dairy cattle are 
usually killed well before their natural life span, 
so it is not known how many of these infected 
animals might have developed BLS if allowed to 
live longer). It is also clear that the BLS virus 
is  shed in the milk of infected cattle, even in 
infected animals that are clinically normal (32). 
Furthermore, it is common practice that dairy 
farm families drink unpasteurized milk from 
their herds (32). Experimental infections of non‐
human primates with BLS‐virus have provided 
evidence that they become infected (antibody 
titer rise over time) and have shown an altered 
neutrophil to lymphocyte ratio. Although no 
cancer was documented in these animals over the 
course of the study, one of the chimpanzees devel-
oped leprosy. This was the first case of leprosy 
diagnosed in any non‐human animal other than 
armadillos (33). The authors of this study 
hypothesized that this virus damaged the cellular 
immune system of the affected chimpanzee, 
allowing a latent form of leprosy to manifest clin-
ically. A new hypothesis was therefore developed 
that these animal tumor viruses (at least BLS 
virus) may indirectly be a risk factor by damaging 
the cellular immune system. This hypothesis has 
not yet been tested.

5.1.7  Pesticides as Potential 
Carcinogens

Pesticides have been a research focus as potential 
carcinogens for several decades. As of January 
2015, over 213 peer‐reviewed publications have 
arisen from the AHS alone. Many of these publica-
tions have described various pesticide exposures 
associated with an increased risk of certain cancers 
for farmers. Table  5.6 lists the associations that 
have been described in the AHS along with other 
potential cancer association abstracted from stud-
ies other than the AHS, and from several other 
countries (13, 34, 35).

Organophosphate insecticides have shown 
up in many studies as associated with leukemia, 
non‐Hodgkin lymphoma, soft tissue sarcoma, 
and pancreatic cancer. Chlorinated hydrocar-
bon insecticides are thought to be endocrine 
disrupters and thus related to genitourinary 
tumors. It  should be noted that most organo-
chlorine insecticides have been banned or 
severely restricted in their licensed usage since 
the 1970s because of their persistence in the 
environment. Also, many organophosphate 
insecticides have been banned or severely 
restricted because of their acute toxicity and in 
some cases chronic toxicity. Organochlorines, 
organophosphates, and carbamate insecticides 
have been replaced in many instances by two 
less toxic classes of insecticides, pyrethroids, 
and neoticotinoids. To date, very few papers 
have been published reporting associations of 
these latter chemicals with cancer. The follow-
ing paragraphs provide some details of associa-
tions of potential agents (mainly pesticides) 
with specific cancer types.

5.1.8  Details of Epidemiology and 
Agricultural Risk Factors for 
Specific Cancer Types

 Cancers of the Lymphatic and Hematopoietic 
Systems

An excess of hematopoietic cancers in the farm 
population is has been shown consistently 



Table 5.6 Substances suggestive of associations with human carcinogenicity

Cancer site Pesticides (type/class) Other exposures

Prostate Aldrin (I/OC)a,b Endocrine disruptors (e.g., dioxine)
Diet: high fat, low fruit and vegetables
Family history of prostate cancer
Family history plus fonofos exposure

Butylate (H/C)
Chlordecone (I/OC)a

DDT (I/OC)a,b

Fonofos (I/OP)
Lindane (I/OC)b

Malathion (I/OP)b

Simazine (H)b

Terbufos (I/OP)b

Methyl bromide (I, 
fumigant)
Permethrin/pyrethrum (I)
Mirex
Toxaphene
Parathion
DDT

Lung Chlorpyrifos (I/OP) Smoking tobacco
Diesel exhaustDiazinon (I/OP)b

Dieldrin (I/OC)a,b

Acetochlor (H)
Pancreas DDT (I/OC)a,b

Colon Aldicarb (I/C)a,b Diet: low fiber
Raising poultryDicamba (H)

EPTC (H)
Imazethapyr (H)
Trifluralin (H)a

Acetochlor (H)
Rectum Chlordane (/OC)a,b Diet: low fiber

Chlorpyrifos (I/OP)
Pendimethalin (H)
Dieldrin (I/OC)a,b

Acetochlor (H)
Multiple myeloma Raising sheep
Leukemia DDT (I/OC)a,b Livestock exposures,

Animal tumor viruses (cattle, cats, chickens)Diazinon (I/OP)b

Terbufos (I/OP)b

Bladder Imazethapyr (H)
Skin melanoma Carbaryl (I/C)b Frequent sunburn at an early age

Chronic sun exposure for lentigo melanomaManeb/Mancozeb (F/C)b

Parathion (I/OP)a,b

Basal cell and 
squamous cell 
sarcoma

Chronic sun exposure

NHL Toxaphene (I/OC)a,b Livestock exposures; raising poultry; animal 
tumor viruses (cattle, cats, chickens)Chlordane (I/OC)b

Lindane (IOC)b

2,4‐D and 2,4,5‐T (H)
Soft tissue sarcoma 2,4‐D and 2,4,5‐T (H)
Testicular Fertilizer and pesticide application by male 

parent
Brain Insecticides (OC) Toxoplasma gondii infection
Stomach Ingested nitrates

I, insecticide; H, herbicide; F, fungicide; C, carbamate; OC, organochloride; OP, organophosphate.
a Substances banned or severely restricted by the US EPA.
b Substances banned or severely restricted by the EU.
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among  epidemiologic studies across countries 
with developed agricultural systems. Leukemia, 
Hodgkin lymphoma, non‐Hodgkin lymphoma, 
and multiple myeloma are typically elevated in 
most studies. Elevated rates for these specific 
cancers have been relatively consistent over many 
years of investigations, with no evidence of a 
trend upwards or downwards (8). Recent research 
has been refined as different degrees of pesticide 
associations have been shown with different sub-
types of non‐Hodgkin lymphoma (36, 37). 
Furthermore, an association has been identified 
between pesticide exposure to presence of a pre-
cursor to multiple myeloma (monoclonal gam-
mopathy of undetermined significance) (38). 
Although results are mixed, several studies have 
shown that hematopoietic cancers are more com-
mon among livestock producers relative to grain 
or other types of farming (39–41). This has cre-
ated the hypothesis that the real risk is from 
chemicals used in livestock production or from 
animal tumor viruses. However, there appears to 
be a variance in risk factors between specific can-
cers of the hematopoietic system. For example, 
bovine lymphosarcoma virus seems to be more 
related to acute lymphocytic leukemia, while 
other studies have shown associations of benzene 
exposure (a component of gasoline, regulated to 
1% or less in the United States and the EU) to 
myeloid leukemia (31, 42).

Skin and Lip Cancer

Basal Cell Carcinoma (BCCs), followed by 
Squamous Cell Carcinoma (SCCs) are the most 
common types of skin cancer. These skin cancers 
rarely metastasize, rarely cause death, and therefore 
are rarely reported in cancer mortality epidemio-
logic studies. It is very clear that long‐term chronic 
sun exposure is the most important risk factor for 
these skin cancers. They are usually not seen until 
the sixth decade of life. They occur on highly sun‐
exposed skin (tips of the ears, nose, cheeks, and 
back of hands). People with fair skin complexions 
are at increased risk. Actinic keratosis (AK), also 
called solar keratosis, are non‐cancerous skin lesions 

also associated with long‐term sun exposure (43). 
They appear as brown scaly patches on sun‐exposed 
skin in the same locations and with the same risk 
factors as SCCs and BCCs. They appear histologi-
cally as lesions of excess keratin cells that retain 
nuclei (parakeratosis). Although AK are mainly ini-
tially of cosmetic concern, they are considered a 
precancerous lesion mainly for SCC and less so for 
BCC. The risk for AK proceeding to SCC or BCC 
is controversial in the literature. Cohen reviewed 
available data indicating that progression of AK to 
SCC within 1 year is less than 1% and increases up 
to 10% in 10 years (43). Progression to BCC is 
significantly of lower risk. Further details of skin 
cancers are given in Chapter 4.

SCCs that appear on the lips have a slightly 
higher probability of metastasizing compared 
to other locations. Many studies show lip can-
cer mortality higher in farm populations. Risk 
factors proposed for lip cancer additional to 
chronic sun exposure include viral infections, 
immune deficiencies, and actinic chelitis (the 
latter is a form of AK that appears mainly on 
the lower lip) (44).

Several studies have shown that melanoma 
incidence and mortality rates are increasing in 
the  farm population (9, 16). As previously 
 mentioned, the relationship between sun expo-
sure and melanoma is not as clear as with non‐ 
melanotic skin cancers, but sun exposure does 
appear to be a risk factor.

Prostate Cancer

Prostate cancer in farmers has been extensively 
studied in recent years. At least two meta‐analyses 
have been conducted (45, 46), plus two large 
morbidity studies of farmers and pesticide appli-
cators (47–50). Risk factors have focused on 
 pesticide exposures and hereditary influences 
(50). Possible mechanisms include disturbances 
of  cellular metabolism and hormonal mediation.

Some research evidence suggests an associa-
tion with the fumigant methyl bromide (12, 47). 
Methyl bromide has been used to fumigate grain 
or other produce and to “sterilize” soil for ground 
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crops. In reality only a small percentage of farm-
ers would be exposed to this material today, as it 
was phased out for most agricultural uses in the 
United States and most industrialized countries 
in 2005 as it has some adverse environmental 
impacts (ozone depletion).

One of the proposed cellular mechanisms 
includes activation of the protein tyrosine kinase, 
which is thought to enhance prostate cancer (50). 
Another metabolic disturbance at the cellular 
level (which has a hereditary factor) is interaction 
of certain cholinesterase‐inhibiting insecticides 
and a genetically altered pathway of vitamin D 
synthesis (51). Vitamin D is a proposed anti‐ 
carcinogen because it promotes normal cell 
division.

Another theory of prostate cancer causation is 
hormonal mediation. Estrogen is known to be 
protective for prostate cancer, therefore theoreti-
cally anything inhibiting estrogen may increase 
risk. Dioxin is an estrogen inhibitor and dioxins 
are found in older formulations of 2,4‐D and 
2,4,5‐T herbicides (2,4,5‐T has now been banned 
and the dioxin content of 2,4‐D is strictly regu-
lated). Dioxins bio‐accumulate in fat stores and 
as farmers are known to have higher amounts of 
animal fats in their diets they may have higher 
body burdens of dioxin. Grain dust exposure may 
also slightly increase risk and this may be due to 
dioxins within grain dust from contamination 
with previous herbicide applications (52). Other 
chemicals also mimic steroidal hormones, includ-
ing mirex, toxaphene, and parathion. Metabolites 
of DDT alter the metabolism of steroids via the 
mixed oxidative enzyme system. Other potential 
dietary risks include increased fat, and decreased 
fruit and vegetable consumption. (Note toxa-
phene and parathion have been banned for 
several years.)

Specific exposures associated with prostate 
cancer suggested in other studies include certain 
insecticides in the following classes: organophos-
phates (malathion, fonofos, turbufos), organo-
chlorines (aldrin, dieldrin), and pyrethroids 
(specifically permethrin) (49). (Note that turbo-
fos, aldrin, and dieldrin have been either banned 
or severely restricted in registered usage.)

Hereditary factors appear important in the 
development of prostate cancer, as a positive fam-
ily history of prostate cancer is a major risk factor. 
Alavanja and co‐workers (12, 47) have shown an 
interaction between positive family history and 
exposure to several pesticides (primarily with the 
organophosphate fonofos). Research reported by 
Koutros and co‐workers provided evidence of a 
heritable risk factor involving polymorphism of 
certain genes in combination with exposure to 
aldrin or malathion, resulting in increased pros-
tate cancer risk (50). Although not consistent, 
these proposed risk factors appear to increase 
with age relative to comparison populations (53).

In summary, prostate cancer appears to be 
related to multiple risk factors in the farming 
environment. The fumigant methyl bromide and 
a variety of other pesticide exposures in the cho-
linesterase, chlorinated hydrocarbon, and para-
thyroid classes appear to interact with genetic and 
hereditary susceptibility factors. High‐fat diets 
seem to play a role as well.

Testicular Cancer

There has been an increase in testicular cancer 
in the past two decades in the general popula-
tion (54). Generally studies have shown a rela-
tive increase in testicular cancer in agricultural 
populations compared with other occupations 
(10). A general hypothesis relates risks to early 
life exposures. To investigate this hypothesis in 
the farm population, a cohort study of parents 
and their farm exposures was carried out relative 
to testicular cancer in their sons. Those exposed 
to fertilizers compared to non‐exposed (relative 
risk, RR) were found to have an RR factor of 
2.4, which rose to 4.2 in non‐seminoma tumors. 
This relative risk is quite large compared to most 
farm‐related cancers, but this is only one study. 
A likely untested hypothesis based on this one 
study would be that the exposure to the fathers 
resulted in DNA damage to the sperm cells 
inherited by the sons, which increased the risk 
for testicular cancer. More studies are needed 
to  confirm the association and test a derived 
hypothesis.
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Brain Cancer

Khuder and co‐workers (55) conducted a meta‐
analysis of 33 epidemiologic studies of brain 
cancer in farmers. They found an overall RR of 
1.3, with a confidence interval (CI) of 1.09–1.56. 
A greater risk was reported in studies within the 
central regions of the United States. Relatively lit-
tle research data are available for risk factors and 
mechanisms of brain cancer in farmers. However, 
Thirugnanam and colleagues (56) hypothesized 
that a risk of brain cancer may be related to infec-
tion with Toxoplasma gondii. This single‐cell 
intracellular protozoan parasite has a predilection 
for nervous tissue and infection of brain cells 
results in some genotoxic or immunotoxic mech-
anisms effect, resulting in formation of the tumor. 
An alternate hypothesized mechanism of brain 
cancer causation is possible chronic carcinogenic 
effects of organochlorine and/or organophos-
phate insecticides on nervous tissue (8). A sum-
mary of exposures and reported risk factors is 
given in Table 5.6.

5.1.9  Cancer in Special Agricultural 
Populations

Although most cancer research among farming 
population has been conducted among principal 
operators (which are predominantly white males), 
more recent research has been conducted to 
 provide some insight into cancer risks for women, 
children, and migrant seasonal workers in 
agriculture.

Cancer in Farm Women

Generally the research is fairly positive regarding 
farm women’s cancer experience. Overall, similar 
to farm men, farm women experience less cancer, 
as reported risk rates are 8–40% lower than in 
comparison populations (4, 11, 19, 57). The 
main cancer risk deficits are for lung, breast, cer-
vical, and ovarian cancer (19, 20, 57, 58). 
However, recent reports from the AHS show an 
increased risk for ovarian cancer in female pesti-
cide applicators (3, 4), but this was not seen in 
other female farmers or in the spousal population 

of farmers (6). The overall decrease is likely 
related to lower cigarette smoking. Within the 
population of female farmers there have been 
reported associations of organochlorine insecti-
cides and triazine herbicide (e.g. atrazine) exposure 
to breast cancer and ovarian cancer (8). There is 
little further evidence for other occupational or 
environmental exposure risks for cancer in 
farm women, with the exception of one study 
which suggests about a 50% increase in risk for 
non‐Hodgkin lymphoma (57). This suggests that 
women may experience similar exposure risks as 
men, and further research is warranted.

Cancer in Farm Children

Cancer is rare in children and this makes it diffi-
cult to identify a large enough cohort with 
 agricultural exposure information to obtain relia-
ble risk estimates. Future research with the 
International Coalition of Prospective Agricultural 
Health Studies consortium (AGRICOH) may 
provide sufficient numbers for statistical confi-
dence (59). (AGRICOH is an international 
 consortium that aims to join data sets to achieve 
more robust studies with rare cancers and small 
populations.) However, some research evidence 
suggests that farm children may be at increased 
risk for certain cancers, including Ewing’s bone 
sarcoma, Wilm’s sarcoma (30, 60), Hodgkin lym-
phoma, leukemia, and brain, testicular, and eye 
cancers (30, 61). Several studies have suggested 
increased cancer risks for young children associ-
ated with their fathers’ exposure to work in horti-
culture, poultry production, or with pesticides 
(30). Brain cancer in children has been associated 
with pig farming and pesticides (30, 62). Leukemia 
has been associated with pesticide exposure (62) 
and in one study with a specific pesticide used in 
orchards, propargite (61). Kidney cancer has also 
been associated with pesticides (62). An extensive 
Australian study of parental exposures and risk of 
Ewing’s sarcoma in children revealed that farm 
residency of parents was a possible significant 
risk factor. However, this study did not identify 
specific agents. A review of childhood cancers 
from the AHS revealed slight increases in children 
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for all lymphomas (SIR 2.18, 95% CI 1.36–4.10) 
and non‐Hodgkin lymphoma (1.98, 95% CI 
1.05–3.76) (60). There was a small risk associated 
with these cancers for the children of fathers who 
did not use gloves when handling pesticides.

To summarize, at present there are indications 
for small risk factors for certain cancers in chil-
dren (30, 54, 61–66). Pesticides are the most 
common exposure source cited, but animal and 
presumptive animal tumor viruses may also be 
possible sources. The mechanisms include some 
form of genotoxic damage to the germ cells of the 
parents, or congenital damage to the fetus. This 
hypothesis has arisen from studies of associated 
parental exposures and childhood cancers. 
However, there could also be associations of envi-
ronmental or occupational exposures in later‐age 
onset of tumors.

Cancer in Hispanic Farm Workers

There are little data available regarding cancer 
patterns among Hispanic farm workers. These 
cancer patterns do not mirror those for farm 
owners/operators, as lung and prostate cancers 
seem to be much more important. The available 
literature is reviewed and summarized in 
Chapter 2.

 Cancer in Selected Farming Subpopulations

Cancer has been studied in a few agricultural 
subpopulations, revealing cancer risks and 
 patterns common to the general agricultural 
community. Sugarcane production workers in 
Puerto Rico have a high risk of oral cancer. The 
relative risk is 4.4 compared with other popula-
tions (67). There have been no particular risk 
factors identified for the high risk of oral cancer 
in this subpopulation, but it is probably related 
to personal behaviors, such as tobacco or other 
substance use, perhaps in combination with 
other occupational exposures.

A French research paper noted an increasing 
bladder cancer gradient from the north to the 
south of France. As vineyard production is 
greater in the south of France compared to the 

north, a hypothesis was investigated that vine-
yards and pesticide exposure were an explanation 
for the observed gradient. An epidemiological 
study showed a slightly elevated association of 
bladder cancer to vineyard production and pesti-
cide use, with a standardized mortality ratio of 
1.14 (CI 1.07–1.22). A stated hypothesis was 
that the vineyard workers had higher pesticide 
exposure, leading to the observed increased blad-
der cancer. Although bladder cancer incidence is 
generally low in the agricultural population, 
researchers in the United States have shown 
an  association of bladder cancer and proximal 
bowel cancer with exposure to the herbicide 
imazethapyr, a heterocyclic amine used in clover 
and alfalfa, among other tolerant crops (68). 
Additional research is warranted to further define 
these relationships.

5.1.10  Social Medicine Aspects  
of Cancers in Farmers

Briefly addressed in the introduction to this 
chapter, rural and agricultural populations have 
a number of social and psychological concerns 
that healthcare providers should take into con-
sideration when caring for them. Cancer is a 
frightening word to most people. In fact, 25% of 
the Anglo farmers and 50% of Latinos consider 
cancer to be the same as a death sentence (69, 
70). There has been much publicity about the 
adverse health effects of cancer, which weighs on 
peoples’ minds. A Wisconsin study (71) revealed 
three major themes farmer have concerning pes-
ticide exposure: (1) Do pesticides cause cancer? 
(2) What other health risks are related to pesti-
cides? (3) Can I sustain the farm with adverse 
health consequences, or can I farm without 
pesticides?

Once cancer is diagnosed in a farm family, 
there are several relationship issues that occur. 
There are relationship problems that occur 
between spouses, friends and other family mem-
bers. A major problem is that women living with 
cancer do not feel spousal support and under-
standing of their feelings. Furthermore, there are 
feelings of loneliness and avoidance by friends 
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and family. These latter problems are worse in 
women than men. On the other hand, men 
afflicted with cancer are concerned about their 
jobs and how they will keep the farm going and 
support the family (69, 70).

Although overall cancer rates are lower in the 
farming population generally, cultural, physical, 
and economic barriers to healthcare services 
 create complications in diagnosing, treating, and 
preventing cancer in rural and agricultural popu-
lations. These complications are:

1. general difficulties with healthcare accessibil-
ity in rural areas

2. cultural issues of the farming population, who 
generally tend not to use medical services 
unless they are very sick

3. a tendency of avoidance or procrastination for 
seeking medical care because of fear of a 
 possible diagnosis of cancer

4. cultural and practical considerations that 
mean farm work and taking care of animals 
takes precedence over personal health care

5. farm population is an older population so 
naturally there is more cancer of certain types, 
creating a concern in the rural population that 
there are “epidemics” of cancer

6. concern that pesticides may cause cancer, but a 
need to use pesticides to maintain livelihood

7. little information available for prevention
8. limited options for home‐based or outpatient 

treatment.

Health professionals should consider all the 
factors mentioned above in the face of a cancer 
diagnosis in a farm family member. These issues 
should be discussed with the families and solu-
tions considered. As mental and social healthcare 
professionals are in short supply in many rural 
and farm areas, the healthcare provider can seek 
non‐profit organizations or support groups to 
help these families cope. Agricultural extension 
services or private non‐profit organizations like 
churches and Agriwellness (www.agriwellness.
org) aim to give social and psychological support 
for the victims of farm injuries or serious 
illnesses.

5.1.11  Prevention of Cancer in Farm 
Populations

There is a higher level of prevention of pesticide 
health hazards than for any other category of occu-
pational hazard. In the United States several fed-
eral agencies have special programs of research and 
prevention for possible pesticide health risks, for 
example the EPA, USDA, OSHA, NIOSH, NCI, 
and NIEHS. The Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA), promulgated in 
1944 and upgraded in 1972, and has introduced 
significant pesticide safety practices. The EPA and 
USDA require and oversee the testing and registra-
tion of all pesticides for human and animal health 
and environmental protection. States must also 
register pesticides, and their registration require-
ments may be more strict that the federal require-
ments. The primary prevention is that any 
chemical that is to be marketed must have manu-
facturer proof that it is safe. Surveillance activities 
review the performance of these products follow-
ing release, and registration is withdrawn if signs of 
health or environmental problems appear. (Further 
details of these regulatory preventive programs are 
given in Chapter  6). Similar programs exist in 
most developed countries. There is also a good deal 
of international cooperation to enhance research, 
share information, and establish policy through 
prominent governmental and non‐governmental 
organizations activities such as IARC, AGRICOH 
(59), and the Stockholm Conference on Persistent 
Organic Pollutants.

From an individual and clinical practice 
 perspective, the basic methods for prevention of 
cancer are similar to other preventive strategies in 
occupational health. These methods include 
deployment and enforcement of existing regula-
tions, identification and removal of the hazard, 
substitution of safer products or processes, life-
style and dietary interventions, proper use of 
PPE, early detection, and education.

The available information on the risk factors 
for specific agricultural pesticides that may have 
associations to cancer is not very detailed. Most 
of the pesticides that have shown some associa-
tion to cancer have been banned or limited in 
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their legal usage, as newer and less toxic insecti-
cides (e.g., pyrethroids and neoticotinoids) have 
taken over the market. However, exposure to all 
pesticides should be limited, sun exposure to 
bare skin limited, drinking water must be free of 
nitrates and atrazine, and exposure to animal 
tumor viruses minimized. As regulations for 
worker protection are relatively minimal in agri-
culture, self/family/employers must self‐regulate 
prevention. Best practise prevention is effected 
with multimodal methods (discussed in detail in 
Chapter 15). One thing to recognize is that lung, 
colon, and prostate cancers have high rates of 
mortality. Even though lung cancer is not an 
agricultural risk, establishing lung cancer pre-
vention provides an opportunity for large gains 
in cancer mortality reduction. As tobacco smok-
ing is a well‐known risk factor, prevention in 
farming communities should include smoking 
cessation programs. Dietary factors recom-
mended by the American Cancer Society should 
be emphasized for prevention of breast, colon 
and prostate cancer. Dietary improvement (as 
with the general population) remains an area 
that could help reduce risks. The exercise pro-
tective factor advantage among farmers is prob-
ably waning as increased mechanization reduces 
the exercise associated with manual labor. 
Furthermore, as manual labor requirements are 
reduced, barriers to exercise include cultural 
norms that have not included “recreational” and 
preventive exercise. Rural residents, particularly 
farmers, lack the available time and facilities for 
recreational exercise. Lack of exercise may emerge 
as a risk factor in future years. These authors 
agree that an important emerging area for pre-
ventive intervention is to address the cultural, 
time, and facilities barriers to recreational and 
preventive exercise.

Regarding cancer screenings, standard recom-
mendation such as that of the American Cancer 
Society should be followed (16). For example, 
women aged 45–54 should have annual breast 
exams. Women 55 and older should have breast 
exams every other year. For men, prostate specific 
antigen (PSA) screening is now not generally rec-
ommended by some organizations and physicians 

because it often leads to unnecessary surgery. 
Consultation with a physician, including family 
history considerations, should be considered 
before PSA testing.

Barriers to cancer screening among the farm 
population include the cultural practice of this 
population to use health services mainly for 
treatment of acute illnesses. Additional barriers 
identified for cancer screening for the farm pop-
ulation include (1) cost, (2) lack of time off 
from work, (3) long distance to providers, and 
(4) self‐reliant behaviors (72, 73). Thus, the 
rural healthcare professional must make a spe-
cial effort to help increase the degree of current 
cancer screening in agricultural patients, which 
should include visual skin cancer screening. 
Skin cancer prevention is based on preventing 
sun exposure. One survey of over 1000 farmers 
and spouses indicated that although nearly 90% 
of the population knew the long‐term conse-
quences of sun exposure, only 40% of men and 
65% of women adequately protected their skin 
from the sun. That survey also revealed that the 
use of sun protection was directly related to 
income and education. Few of those surveyed 
ever had a specific skin examination. Clearly 
medical practitioners need to encourage routine 
skin examinations and the routine use of sun 
protection in their farm patients. Table 5.7 lists 
key strategies for cancer prevention in farming 
populations (73–76).

5.2 Summary

Farm populations in the United States and most 
industrialized countries have a lower overall rela-
tive risk for cancer fatalities compared to general 
populations. The primary reason for this is that 
farmers have lower rates of the most common fatal 
cancers, that is, lung and bowel. This difference 
mainly arises because farm populations generally 
have lower rates of cigarette smoking, increased 
exercise, and healthier diets. The farm population 
also has lower rates for other cancers in addition to 
lung and bowel, mainly those that are smoking‐
related (urinary bladder, esophagus, and tongue). 
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Breast, liver, and kidney cancer rates are also lower 
than expected. The farm population is at increased 
risk, however, for several cancers, including hemat-
opoietic cancers (leukemia, non‐Hodgkin lym-
phoma, multiple myeloma), skin, soft tissue 
sarcoma, prostate, testicular, stomach, and brain.

Risk factors for agricultural cancers are gener-
ally associations and not proven cause‐effect. 
Most research on cancer risk factors has focused 
on pesticides. The AHS (the largest and longest 
prospective study to date) has focused on pesti-

cides as well as other potential cancer agents. 
Associations between several cancers have been 
seen with one or more specific insecticides, herbi-
cides, fungicides, and fumigants. However, none 
can be considered cause‐effect at this stage. 
Numerous additional risk associations have been 
shown, including diesel exhaust, mycotoxins, 
nitrate‐ and atrazine‐contaminated drinking 
water, and animal tumor viruses. The only cur-
rent risk exposure association that shows cause‐
effect is UV energy exposure (sun exposure).

Table 5.7 Common sense approach to cancer prevention in agricultural populations

General lifestyle actions (these 
references should be reviewed 
occasionally, as they may change 
with newer information)

General screening
(these are generalized 
recommendations and the reader is 
referred to the references for details 
and updates as they change with 
newer information)

General environment and agricultural 
specific preventive actions

1. Refrain from smoking and use 
of other tobacco‐related 
products.

2. Maintain weight below BMI 
30 and preferably 25 or lower 
without being underweight.

3. Maintain regular physically 
activity for at least 30 minutes 
every day. Limit sedentary 
habits.

4. Avoid sugary drinks and other 
foods with high simple sugar 
content and high‐energy 
dense foods.

5. Eat more of a variety of 
vegetables, fruits, whole grains 
and legumes such as beans.

6. Limit consumption of red 
meats (such as beef, pork, and 
lamb) and avoid processed 
meats.

7. If consumed at all, limit 
alcoholic drinks to two for 
men and one for women 
a day.

8. Limit consumption of salty 
foods and foods processed 
with salt (sodium).

9. Don’t use supplements to 
protect against cancer.

10. It is best for mothers to 
breastfeed exclusively for up 
to 6 months and then add 
other liquids and foods.

1. Yearly mammogram for women 
over 40–54, and every other year 
over 55.

2. Pap test every 3 years for women 
beginning aged 21–29.

3. Pap and HPV testing every 5 
years for women aged 30–65.

4. Colonoscopy every 10 years or 
sigmoidoscopy every 5 years for 
men and women aged 50 and 
above.

5. Annual fecal occult blood, fecal 
immunochemistry, or stool 
DNA. If positive follow with 
colonoscopy.

6. Prostate screening should be 
based on discussion with your 
provider, as PSA test benefit is 
in question. For Afro‐Americans 
with family history of prostate 
cancer, screening may be 
considered at age 45.

1. Practice regular protection from 
sun exposure using sun screens and 
protective clothing, and avoidance 
of sun (if possible) during midday.

2. Regularly test drinking water for 
nitrates (at least annually, in the 
spring). If greater than 10 mg/L, 
seek and eliminate possible sources 
of contamination, remediation, 
and alternative sources.

3. Avoid possible unnecessary exposure 
to animal tumor viruses (e.g., do not 
drink unpasteurized milk).

4. Substitute less toxic chemicals for those 
with some evidence of human cancer 
associations (e.g., substitute pyrethroid 
or neonicotinoid insecticides for 
organophosphate insecticides).

5. Use enclosed systems for handling and 
applying pesticides if at all possible.

6. Hire professional certified applicators 
to apply plant protection products.

7. Review package label instructions on 
use of agricultural chemicals. Use the 
PPE specified on the label.

8. Learn and stock (in protected but 
convenient) PPE for specific uses on 
the particular farm. Learn how to 
properly fit and wear the appropriate 
PPE.

9. Assess the radon level in your basement 
and call a certified radon remediation 
technician if greater than 4 picocuries 
per liter of air.
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Some of the rural and agricultural population’s 
cultural, psychosocial, economic, and geographical 
characteristics can create barriers to clinical screen-
ing and health care. These factors create extra chal-
lenges for farmers, family members and farm 
workers who face cancer, and for healthcare provid-
ers. Prevention strategies must include management 
of lifestyle factors, including smoking cessation, 
increased fiber and fruit in diets, obesity manage-
ment, and increased regular exercise. Federal and 
local pesticide and chemical control regulations 
must be maintained and enforced. Sun protection, 
drinking water testing, and minimizing pesticide 
contact are all important factors in prevention.
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6.1 Introduction

It was a sunny and windy day in June when 
farmer (C.B.) was spraying the insecticide carbo
furan (trade name Furadan, a carbamate) on his 
soy bean fields to control aphids in central Iowa 
(United States) (see Figure  6.1). He had been 
working since 7:00am. Near noon, he began to 
feel tired, so he went to the house for lunch. 
During lunch, he had a sudden urge for a bowel 
movement. He went to the bathroom with a 
severe case of diarrhea. While in the bathroom, 
he became extremely weak and lost his vision. 
His wife found him in the bathroom in a near‐
comatose state. She was able to get him into the 
car, and with great foresight she took along the 
package label of the chemical he had been apply
ing to his fields. The emergency room physician 
examined C.B., then called the state poison 
 control center and read the information about 
the specific ingredients on the product label. 
Determining that C.B. had been applying a car
bamate insecticide, the physician treated him 
with an IV drip of atropine over the course of 8 
hours. C.B. began to improve and over the next 
three days made an uneventful recovery.

An alert and resourceful wife combined with 
access to knowledgeable emergency medicine 

personnel and a quality poison control center 
allowed C.B. to survive a life‐threatening poison
ing to farm again.

Acute occupational pesticide poisonings are 
uncommon events in agriculture in industrialized 
countries in current times. Development of safer 
pesticides, formulations, engineering designs, 
work practices, governmental oversight, and 
applicator education among other trends are 
responsible for a significant reduction in the risk 
of acute occupational poisonings. However, acute 
poisonings can still occur, and they can be life 
threatening if there is extensive exposure. C.B. 
had splashed some of the concentrate on his 
hands while mixing and loading the product, and 
was caught in the pesticide drift due to the wind 
while he was applying the chemicals.

Although acute pesticide toxicity is a rela
tively low risk today compared to acute injuries 
and other agricultural health hazards, it remains 
one of a farmer’s highest occupational health 
hazard concerns (1). This author (KJD) believes 
this concern results from the large amount of 
cautionary information on the subject based on 
historical experiences that comes from the media, 
governmental, and non‐governmental organiza
tions. Most of the evidence of acute and chronic 
 exposure relates to organophosphate (OP) and 
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organocholorine (CL) insecticides, many of 
which have been either banned or severely 
restricted in their use for nearly two decades. 
There is uncertainty among scientists and health 
professionals about the chronic health hazards 
that pesticides may cause. As health and safety 
professionals, we cannot provide absolute 
answers to clients/patients who pose health ques
tions related to long‐term exposure to pesti
cides(2). A recent review of the health effects of 
pesticides by McCauley and colleagues summa
rized pesticide chronic health effects as follows: 
“Although a number of health conditions have 
been associated with pesticide exposure, clear 
linkages have not yet been made between expo
sure and health effects except in the case of acute 
pesticide exposure” (3).

This chapter provides an overview of the 
types of pesticides used today in production 
agriculture, how they are used, their acute 
t oxicity and hypothesized chronic toxicity, and 
methods to treat and prevent poisonings. 
Furthermore, we attempt to provide health and 

safety professionals with better tools for an 
evidence‐based anticipation, recognition, treat
ment, prevention, and accurate risk commu
nication to their agricultural patients/clients 
about this group of chemicals (4).

6.2 Definition of Pesticides

The term “pesticide” combines the root words 
pest (an annoyance or scourge) and cide (from the 
Latin for killer or act of killing). Today, pesticide 
is a generic term that applies to thousands of dif
ferent products used to kill undesirable insects, 
plants, fungi, vermin, or microbes that are eco
nomically, socially, or healthfully detrimental to 
us (pests) (5).

For the purpose of this chapter we will cover 
those classes of products primarily used in agri
culture, including insecticides, herbicides, fungi
cides, and fumigants. Fumigants have a broad 
range of lethality to life forms and will be 
 discussed as a special class of pesticides.

Figure 6.1 Spray application of insecticides to row crops. Applicators are much better protected inside 
a tractor with a cab, especially if the windows are shut and the cabin filtration system is properly functioning. 
(Source: Frederico Rostango/Shutterstock.com.)
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6.3 History and Risk Communication

The large‐scale use of insecticides began in the 
mid‐1940s with the industrial manufacturing of 
dicholor‐diphenyl‐tricholorethane (DDT) (6). 
This chemical was extremely effective in killing 
and controlling insects because it persisted in the 
environment (one application lasted for several 
weeks). DDT belongs to the organochlorine 
(OCL) class of chemicals which includes numer
ous subsequently developed chemicals. OCLs led 
to many advances in human disease prevention 
throughout the world by the control of insects 
that cause malaria, arthropod‐borne encephalitis, 
and yellow fever among many other insect‐vector 
diseases. Additionally, OCLs were found to have 
important agricultural value to combat arthro
pods that attack crops, such as corn root worm, 
cotton boll weevil, and lice and mites that infest 
livestock. The publicity and interest garnered by 
the success of OCLs on the part of many public 
and private research organizations, pharmaceuti
cal and chemical companies, and the agricultural 
industry drove continued new product develop
ment and production of the vast array of new 
 pesticide products that have come onto the 
m arket since the success of DDT (7, 8). Use of 
these products increased with their associated 
economic success, without a great deal of public 
or governmental attention.

However, all that began to change with the 
book Silent Spring written by Rachel Carson in 
1962 (9). Carson was a science editor for the US 
Fish and Wildlife Service. She predicted a new 
world when spring would come without the mel
odies of songbirds because of their demise from 
pesticide toxicity (a “silent spring”). This book 
led to the global environmental movement of 
more recent times(10). This author believes the 
environmental movement has had many positive 
effects relevant to the use of pesticides and many 
other environmental pollutants, but it has 
also  added an emotional and disproportional 
approach rather than a science‐based risk 
approach to hazard communication and mitiga
tion of occupational hazards across the broad 
range of agriculture health and safety hazards. As 

mentioned previously, and discussed in more 
detail later in this chapter, pesticides are responsi
ble for a small percentage of acute illnesses and 
fatalities relative to acute injuries and the numer
ous other health and safety hazards discussed in 
this book.

To enhance an informed rational approach to 
risk communication on this subject, this author 
(KJD) recommends using more specific terms such 
as insecticide or organophosphate insecticide (as 
appropriate) rather than the word pesticide. The 
word pesticide invokes a perception of a serious 
acute, chronic health and environmental hazard to 
much of the public and scientific world. Pesticides 
include an extremely broad group of chemicals. 
Over 1000 active pesticide ingredients are incorpo
rated into over 16,000 formulations of specific 
products. Only a small percentage of these prod
ucts are acutely toxic, mainly in the insecticide 
class. Using primary classification terminology may 
convey a more accurate risk assessment, for exam
ple, when dealing with products that kill weeds the 
term “herbicide” (mostly very low acute or chronic 
human health risk) is used. Agriculturalists often 
utilize the term “plant  protection products” to help 
avoid the general negativity associated with “pesti
cides”. The term “insecticides” should be used to 
refer to chemicals that kill insects (generally more 
toxic than herbicides).

Numerous pesticide control policies and con
trol programs have been instituted to help 
 promote pesticide safety. The US Federal 
Insecticide, Fungicide, and Rodenticide (FIFRA) 
Act was promulgated originally in 1947. Since 
the publication of Silent Spring, more extensive 
pesticide control programs have come into exist
ence in most industrialized countries. In the 
United States the Environmental Protection 
Agency (EPA) was created in 1970. One of the 
EPA’s mandates was to enforce and manage 
FIFRA. Since 1970 the EPA has implemented 
numerous upgrades of the Act (11) to reflect cur
rent knowledge and practices. All pesticides must 
be registered with the US EPA before they can be 
sold in the United States. For manufacturers to 
gain  registration of a pesticide, the EPA requires 
 substantial testing (using guidelines set by the 
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National Research Council) to ensure beyond a 
reasonable doubt that it meets safety standards 
that protect human health, animal health, and 
the environment (7, 12). Most industrialized 
countries have similar protective regulations on 
the usage of pesticides, but this is not necessarily 
true in less‐developed countries, where such regu
lations may not be present or oversight and 
enforcement may be inadequate.

Registration is just one of many governmental 
and private preventive programs aimed at facili
tating pesticide safety (prevention will be 
 discussed in detail in a later section of this chap
ter). An aim of this chapter is to help inform the 
history and practices already in place that have 
helped to create the degree of safety in existence 
in recent times in the United States and other 
developed countries in the use of pesticides. 
However, appropriate caution remains warranted 
when applying pesticides and when providing 
science‐based information to patients or clients 
about the health risks of pesticides. As pesticides 
include a diverse group of chemicals that have 
great variability in toxicity and regional usage 
(13–16), we aim to provide information that will 
help the reader discern the relative degree of risk 
of the various classes and specific chemicals used 
in their region so that informed and appropriate 
responses to exposures may be rendered. A good 
resource to help the professional assess the risk of 
specific products is the website of the National 
Pesticide Information Center, where active ingre
dients can be searched by product name (13).

6.4  Pesticides: Classes, Subclasses, 
and Relative Toxicity

The basic classification of pesticides was described 
in the introduction to this chapter. This section 
provides more detail on classification to help 
interpret the health risks of the various products. 
Several of the chemicals in the fumigant class 
are highly toxic to humans, as are several of the 
rodenticides. Biocides are of relatively low 
 toxicity. (Rodenticides and biocides will not be 
 discussed here as they are not specific to occupa
tional exposures in agriculture.) Within each of 

these major classes of pesticides there are several 
subclasses, each with different chemical struc
tures, toxic mechanisms, and variance in toxicity 
to humans. Table 6.1 (17) provides a basic out
line of the subclasses of pesticides.

Table 6.1 Classes and subclasses of pesticides (17)

I. Insecticides (kill/control insects) listed in order of 
most common usage and example of currently used 
chemical in the class 
A. Pyrethroids (PRs), e.g. permethrin
B. Neonicotinoids (NNs), e.g. imidacloprid
C. Cholinesterase‐inhibiting compounds 

1. Organophosphates (OPs), e.g. malathion
2. N‐methyl carbamates (CBs), e.g. carbofuran 

(Furidan)
D. Organochlorines, e.g. DDT, Dicofol
E. Biological insecticides, e.g. Bacillus thuringiensis
F. Plant‐incorporated protectants, e.g. Bt corn

II. Herbicides (among at least 19 classes of herbicides, 
only those classes that are listed here have an important 
role in agricultural production) 
A. Chlorphenoxy herbicides, e.g. 2,4‐D
B. Pentachlorophenol and dinitrophenolic herbicides, 

e.g. Dinocap
C. Paraquat and diquat, e.g. Graoxone
D. Phosphonates, e.g. glyphosate (Roundup)
E. Acetamids, e.g. metolachlor (Dual)
F. Anelids, e.g. Alachlor (Lasso)
G. Benzadiathiazinone, e.g. pronamide (Rapier)
H. Carbamates and thiocarbamates, e.g. EPTC 

(Eradicane)
I. Chloropyridinyl, e.g. thriclopyr (Garlon)
J. Dinitroaminobenzine
K. Triazines, e.g. atrazine (Atranex)
L. Urea derivatives, e.g. chlorimuron ethyl (Classic)

III. Fungicides 
A. Substituted benzenes, e.g. chlorothalonil (Bravo)
B. Strobilurins, e.g. Dyna‐shield
C. Thiocarbamates, e.g. Thiram (Thiram 75)
D. Ethylene and bis‐ditiocarbamates, e.g. Maneb
E. Thiophthalimides, e.g. Captan
F. Triazoles, e.g. triadimefon (Bayleton)
G. Copper compounds, e.g. copper sulfate
H. Organomercury compounds, e.g. proprionate
I. Organotin compounds, e.g. fentin acetate (Batasan)
J. Cadmium compounds, e.g. cadmium chloride 

(Caddy)

IV. Fumigants (among at least five classes of Fumigants 
only those classes that are listed here have an important 
role in agricultural production)
A. Halocarbons, e.g. methyl chloride
B. Oxides and aldehydes, e.g. formaldehyde
C. Sulfur compounds, e.g. sulfur dioxide
D. Phosphorus compounds, e.g. phosphine gas
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Acute health risks of toxic products are deter
mined in large part by the calculated dose at 
which 50% of experimentally dosed animals 
(usually rats) die (LD50). The LD50 values of pes
ticides range widely between and within each 
class of pesticide. The EPA (17), EU, and WHO 
(18, 19) all have toxicity classification systems to 
designate the relative risk of exposures to specific 
chemicals. These systems are generally similar 
and are based on the global harmonizing system, 
which aims to keep such systems compatible 
between countries. The EPA uses a system of four 
categories based mainly on acute toxicity:

1. Category I (highly toxic): The package label is 
required to have the skull and cross bones icon, 
and to include the phrase “danger‐poison”.

2. Category II (moderately toxic): Warning 
required. Usually ingestion of the product is 
required for acute toxicity.

3. Category III (slightly toxic).
4. Category IV (practically non‐toxic)

The toxicity classification of individual chemicals 
can be found in EPA and WHO resources (18, 
19). The following describes the general toxicity 
category of the various groups of pesticides, from 
high to low toxicity. 

1. Fumigants
a. Most fumigants are Category I, highly toxic.

2. Rodenticides
a. Most rodenticides are Category I.
b. Agricultural occupational exposure with 

rodenticides is uncommon.
3. Insecticides

a. Organophosphates
i. Several have been assigned Category 

I, but most of these have either been 
banned or severely restricted in usage.

ii. Most remaining registered organophos
phates are Category II.

b. Carbamates
i. Most carbamates with remaining regis

trations are Category II.
c. Organochlorines

i. As of 2015, this author (KJD) could 
find no organochlorines registered in 
the United States.

ii. Most previously registered products 
were Category II or Category III.

d. Pyrethroids
i. Most products are Category III.

e. Neonicotinoids
i. Most products are Category III.

f. Ryanoids
i. Ryanodine, the one commercial insec

ticide in this class, is a synthetic deriva
tive of a natural compound found in the 
South American plant Ryania speciosa. 
This class has not achieved much usage 
in agriculture at present, and is toxicity 
category III.

g. Bio‐pesticides (natural products derived 
from living entities)
i. Bacillus therigiensis, oil of the neem tree 

among many others,  Category IV.
ii. Plant‐incorporated protectants (gene

tically modified plants, e.g. Bt corn, 
Roundup ready soybeans), Category IV.

h. Herbicides
i. Most herbicides are Category III.

i. Fungicides
i. Most fungicides are Category III.

The vast majority of applied pesticides are her
bicides (over 60% of product sold globally 
(Figure  6.2) and 80% in the United States 
(Figure  6.3)), which are of relatively low acute 
toxicity to mammals, including humans (20–22). 
The majority of insecticides used today are the 
low acute toxicity pyrethroids and neonicotinoids 
compared to the more toxic organophophates 
and carbamates of the past. Figure  6.4 displays 
types of applied insecticide usage in Iowa, which 
is representative of a large row‐crop grain‐
producing region.

6.5  How Farmers, Agricultural 
Workers, and Agriculture‐
associated Workers are Exposed 
to Pesticides

The predominant way workers are occupationally 
exposed to insecticides and herbicides is by skin 
contact and absorption (see Figure  6.5). The 
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chemical structure of insecticides is such that they 
readily penetrate the chitin exoskeleton of insects, 
which is chemically similar to skin. Although pro
tective clothing may reduce contact with skin, 
should it become contaminated with insecticide it 
will provide a continued source of exposure until 
it is removed and carefully washed. Absorption of 
insecticides through skin is enhanced when cov
ered with clothing or other materials, indicating 
the importance of preventing initial skin contact 
and basic hygiene (21). Ingestion and inhalation 
are less important occupational exposure mecha
nisms in the agricultural setting, but ingestion is 
the exposure route for most serious acute non‐
occupational poisonings. As the newer classes of 
insecticides (e.g., pyrethroids and neonicotinoids) 
and herbicides are of relatively low toxicity, illness 
from skin absorption is uncommon. It usually 
requires a relatively high dose that may be taken 
by ingestion to induce acute toxicity. The greatest 
risk for poisoning through ingestion is from 

i ngestion by children or suicide attempts. Other 
less common consumption methods for insecti
cides or herbicides include ingestion of contami
nated food products and eating in unsanitary 
conditions where insecticides are handled and 
where hand‐washing is not practiced prior to eat
ing or smoking. Another mechanism of ingestion 
exposure includes storing pesticides in unmarked 
or emptied food containers (e.g., soft drink bot
tles) and using old pesticide containers for drink
ing water containers. Inhalation is probably the 
least common mechanism of exposure except for 
fumigant exposure (which is discussed later in this 
chapter) and combustion of pesticides or pesticide 
containers. As particles in most formulations 
(including powders, microcapsules, and sprays) 
are larger than respirable size (22) most of the 
inhaled p esticide (except fumigants) will be 
trapped in the trachea, where it is elevated back 
into the pharynx by the mucociliary apparatus and 
swallowed. Fumigants and those rare formulations 

Herbicides 60% Insecticides 25%

Fungicides 15%

Figure 6.2 Herbicides dominate the type of 
pesticide used worldwide. These chemicals are used 
to control weeds and are generally of relatively 
low toxicity to humans and other animals compared 
to insecticides. (Source: Children’s Health and 
Environment. WHO; 2008. Available from http://www.
who.int/ceh/capacity/Pesticides.pdf.)

Herbicides 77% Insecticides 13%

Fungicides 15%

Figure 6.3 US pesticide usage by type (per-
centage of total product sold in 2007). (Source: 
Pesticide Industry Sales and Usage 2006–2007 
Market Estimates: Usage. Washington, DC: US 
Environmental Protection Agency; 2013. Available 
from http://www.epa.gov/opp00001/pestsales/07pestsales/ 
usage2007_table3_4.htm.)
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that include mists or fumes are the most likely 
source of r espiratory exposure.

Several occupations besides farmers or farm 
workers have pesticide exposure risk, including 

those working in chemical manufacture, ware
houses, transportation, formulation, sales, and 
commercial and private applicators. Those work
ing in formulation plants and application (the 
latter conduct mixing and loading tasks) handle 
concentrates, which can result in especially high‐
risk exposure tasks (23) (Figure  6.6). Livestock 
producers also have significant exposures (pri
marily dermal) when applying parasiticides to 
animals (24). The workers applying the insecti
cides may have additional risks of exposure 
beyond mixing and loading. These exposures 
may occur from leaking application equipment, 
spray drift, and the maintenance and cleaning of 
equipment. It must be noted (especially on 
smaller farms) that farm owners/operators or 
workers may perform (and thereby have opportu
nities for exposure) several of the tasks described 
above, including mixing and loading, applying, 
and harvesting. Reeves and Schafer (25) esti
mated that 51% of occupational poisoning cases 
in California are caused by insecticide drift and 
25% from exposure to insecticide residues on 
plant foliage. Workers who load and clean crop‐
dusting airplanes also have a high risk of exposure 
as the contaminated wash water often splashes on 
them. Furthermore, the “flagger” on the ground 
who marks where the next pass of the airplane 
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Figure  6.4 Type of insecticides applied (in 
pounds) in Iowa. There has been a significant reduc-
tion in the use of more toxic insecticides (carbamates 
and organophosphates (OPs)) and an increase in the 
use of much less toxic chemicals (pyrethroids, neoni-
cotinoids, and rayanoids). (Source: Iowa Department 
of Agriculture and Land Stewardship.)

Amount of pesticide absorbed by site of application

Scalp

Back of ear Ear canal

Axilla

Back of
hand

Abdomen

Scrotum

Forehead

Antecubital
fossa

Forearm

Parathion

Palm

32%

34%

36%

47%

64%

21%

19%

100%

29%

9%

12%

Figure 6.5 The most common systemic exposure to pesticide is through skin contact. Skin absorption of 
organophosphate pesticides is especially efficient in areas of thin skin with high blood supply, such as the 
head, axilla, and groin.
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should be is also at risk of exposure (Figure 6.7). 
(GPS navigation systems are rapidly replacing the 
need for flaggers.) Farm workers who pick fruits 
and vegetables that have been sprayed are at risk 
because of contact with insecticide on the foliage 
(Figure 6.8). Regulations intended to reduce this 
exposure include a time delay (re‐entry interval) 
before workers can go into a treated field. EPA 
and state regulations require that notices be 
posted to advise people to keep out of these fields, 
orchards, and vineyards until the particular prod
uct has been broken down by sun, heat, and other 
natural processes.

In many areas the farm service and supply 
firms have incorporated pesticide application in 
their services. These firms are taking over an 
increasing share of application of what the indi
vidual famer has previously done. They have large 
expensive equipment that covers fields rapidly 
and monitors application with advanced technol
ogy, freeing the individual operator of the expense 
and regulatory requirements of pesticide use. 
This service also offers increased safety to the pro
ducer and worker as it separates them from 
potential exposure and the work is accomplished 

by more experienced and knowledgeable people 
with licensed commercial pesticide certification 
(commercial applicator certification requires an 
examination). Licensed applicators have a lower 
risk of exposure events than other workers (26).

Other occupationally exposed people include 
grain elevator workers involved in grain fumiga
tion, and fire fighters and bystanders in situations 
where pesticides are burning. The latter are at risk 
from exposure to volatilized insecticides or toxic 
products of the burned chemicals.

The risk of exposure to handlers, retailers, or 
consumers of food products treated with insecti
cides is low. Most industrialized countries have 
special agencies (e.g., the USDA and FDA in the 
United States) that test agricultural products for 
pesticide content. Although the main concern is 
surface contamination of food, there are a few 
insecticides that are water soluble (e.g., aldicarb 
(carbamate), acephate (organphosphate), imida
cloprid, and dinotefuran (neonicotinoids)) and 
may be absorbed in the water and incorporated 
into the plant vasculature (xylum and phloem). A 
few cases of poisoning have been reported where 
consumers have eaten fruit or vegetable crops 

Figure 6.6 Mixing and loading insecticides prior to application have the potential for worker expo-
sure as the chemicals put into the tank are concentrated. The minimum protection during this application 
should be unlined rubber or nitrile gloves.
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Figure 6.7 In crop‐dusting applications there is a risk of insecticide exposure for the pilot, those who 
mix and load the plane, those who clean up the plane, and the “flagger” on the ground who marks the way 
for the pilot (GPS navigation is replacing the need for a flagger). Others on the ground who live or work in the 
area are subject to spray drift exposure. Knowledge of what chemicals are being applied will help the health 
and safety professional to determine the level of risk. (Source: Action Sports Photography/Shutterstock.com.)

Figure 6.8 Pruning or harvesting grapes or other fruit or orchard crops presents a possible exposure 
risk to workers from pesticides that may remain on the foliage if insufficient time is not allowed for the 
chemical to degrade. (Source: Richard Thornburg/Schutterstock.com.)
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(e.g., cucumbers and water melons) treated with 
the insecticide aldicarb (27). This problem is 
mainly a concern with plants raised in an area 
with a high water table, creating an environment 
where the aldicarb could be taken up by the 
plant with the water. The EPA has now banned 
aldicarb with effect for all registrations by 2018.

6.6 The Risk of Pesticide Poisonings

As mentioned above, fatal occupational pesticide 
poisonings in agriculture are rare today in indus
trialized countries. However, exposures resulting 
in minor illnesses are more frequent than fatal 
poisonings. The available information on the 
incidence and prevalence of pesticide poisonings 
are only estimates (similar to most occupational 
or public health illness reporting) because people 
mildly poisoned (especially agricultural people) 
rarely/seldom seek medical attention unless they 
are seriously ill. In addition, medical care person
nel may find it difficult to recognize pesticide 
poisoning as symptoms may be vague and mimic 
other conditions. In most states or countries there 
is no requirement for reporting pesticide poison
ings. For example, in the United States reporting 
is required for medically treated or disabling ill
nesses or injuries only in a business with at least 
11 employees. Foreign‐born farm workers, par
ticularly those un‐documented or those who have 
language barriers, are reluctant to seek medical 
attention for fear of being fired or discovered by 
authorities. Furthermore, they may fear financial, 
social, or cultural embarrassment by the medical 
care system. For all these reasons, the actual num
ber of documented cases is under‐reported. On 
the other hand, estimates by some advocacy 
groups may overestimate the actual number of 
poisonings. The available estimates reported here 
arise from multiple sources, including emergency 
room and hospital records, poison control cent
ers, workers’ compensation records, and special 
surveys conducted by the US Center for Disease 
Control and Prevention (CDC) through the 
Sentinel Event Notification System for Occupa
tional Risk (SENSOR) (28).

For poisoning (all types) the National Poison 
Data System reports over 5500 confirmed events 
annually (29). The CDC SENSOR program 
reports about 67 agricultural occupational illnesses 
per year (8, 28) (mostly mild), an esti mated 1.2% 
of all poisonings (8, 28). Most of the reported poi
sonings from pesticides are non‐occupational and 
often involve children who gain access to poten
tially hazardous products that have not been ade
quately secured (8, 28). About 17% of pesticide 
poisonings in the United States are suicides. In 
developing countries, suicide by insecticides or the 
herbicide paraquat is a much greater problem than 
in more developed countries (30, 31).

The CDC SENSOR program is an active sur
veillance system that collects data from 11 states 
(Arizona, California, Florida, Iowa, Louisiana, 
Michigan, New Mexico, New York, Oregon, Texas, 
and Washington) (16, 28). These states include 
those with an intensive production agricultural 
industry and states where a large number of farm 
workers are employed. The SENSOR report for 
the 8‐year period from 1998 to 2006 tallied a total 
of three agricultural occupational pesticide fatali
ties, and 532 non‐fatal illnesses (28) (estimated 
fatality rate = 0.063/100,000, estimated illness 
rate = 1.4/100,000). (Note that 98.8% of the ill
nesses had low or moderate health consequences.) 
In comparison, National Institute for Occupational 
Safety and Health (NIOSH), Census of Fatal 
Occupational Injuries (CFOI) reported 479 total 
(all causes) occupational fatalities in the agricultural 
sector in 2013 (32) and 53,982 lost‐time work ill
nesses and injuries in 2012 (33) (respective rates 
22.2 fatalities/100,000 and 1,120 injuries/100,000) 
(33). (These estimates assume an exposed popula
tion base of 4.8 million, as reported by the US 
Department of Agriculture for 2007 (34).)

Although the data presented above are for the 
United States, similar rates would be expected 
for most industrialized countries. However, the 
picture for less‐developed countries is quite dif
ferent. Developing countries have many more 
acute poisonings because of higher exposures 
(often with individual hand‐operated applicator 
equipment such as backpack sprayers), less 
awareness, fewer control practices (including 
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lack of PPE), lack of medical and diagnostic ser
vices, and less controlled regulations. The Food 
and Agricultural Organization of the WHO has 
published (in 2001) detailed guidelines for the 
protection of farmers and workers applying 
insecticides in less‐developed countries (35). 
However, it is apparent that such recommenda
tions often do not penetrate to the intended 
users. This author (KJD) has observed small 
farmers in a West African country purchasing 
toxic insecticides in unlabeled zip‐lock bags at 
local markets. Furthermore, this author has 
observed farmers being highly exposed (with no 
PPE) applying the organochlorine endosulfan 
(one of the more toxic OCLs) with a hand‐ 
carried rotary atomizer applicator held above the 
head to apply the chemical to the foliage of cot
ton plants. The worker was being heavily exposed 
to the insecticide during the application. 
(Personal exposure was being monitored during 
this process and the calculated levels of exposures 
were below the level of acute toxicity (36).) 
Endosulfan is banned in most developed coun
tries and under consideration of being banned in 
many less‐developed countries. It is difficult to 
obtain accurate, sensitive, and specific data for 
exposures and outcomes in most developing 
countries. The incidence rates of pesticide poi
sonings reported by various developing countries 
vary from 18/100,000 to 180/100,000 (37). 
Additionally, there is no effective and common 
reporting classification tool for countries to use 
for consistent and accurate reporting. Such an 
instrument has been proposed to WHO. WHO 
has also provided resources for training health 
professionals in less‐developed countries about 
pesticide use and exposure prevention (20).

A major concern of the international commu
nity is the high prevalence of suicide by insecti
cides or the herbicide paraquat in less‐developed 
countries (estimated 877,000 deaths annually) 
(30, 38). The bulk of these occur in South‐East 
Asia and the less‐developed countries of the 
Western Pacific. This topic has been addressed 
by WHO through conferences and a specific 
intervention program of pesticide suicide pre
vention (38).

6.7  Insecticides: Usage, Acute 
Toxicity Mechanisms, Diagnosis,  
and Treatment

Seven classes of insecticides are discussed here: 
(1) organochlorines (OCLs), (2) organophos
phates (OPs), (3) carbamates (CBs), (4) pyre
throids (PYs), (5) neonicotinoids (NNs), (6) 
ryanoids, and (7) bio‐pesticides (including 
plant‐incorporated protectants, PIPs). Classes 
6 and 7 will be discussed only briefly as they 
present little if any occupational health hazard. 
These pesticides are discussed by the relevant 
classes seen above, according to their historical 
development and usage, and in order of rela
tive occupational exposure health risk (from 
highest to lowest). As alluded to above, the 
LD50 toxicity varies by as much as 1000‐fold 
among the various insecticides used in agricul
ture (17, 39). Potential harm also varies rela
tive to their persistence in the environment 
among other toxicological features, for exam
ple toxicity varies relative to the physical and 
chemical properties of their formulation, for 
example:

1. Volatility: Products formulated as aerosols, 
gases, or fine dusts are of higher volatility and 
are generally a greater health hazard  relative 
to granular or slow‐release microcapsules.

2. Multiple active ingredients: It is common for 
more than one active ingredient to be incor
porated within a single commercial product, 
creating possible additive or synergistic health 
effects and thus difficulty in determining the 
principle toxic product to treat.

3. Inactive ingredients: Carriers or solvents within 
compounds may cause skin irritation or other 
health conditions independent of the active 
ingredient.

4. Chemical stability: Some insecticides, particu
larly those in the OCL class, may take days to 
weeks before they degrade to non‐toxic status 
following application. Entry into fields or 
premises where these products have been 
applied may result in a toxic exposure if entry 
occurs prior to this time.
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There is constant change in the product develop
ment of insecticides used in crop and livestock 
production. Furthermore, the usage of products 
varies geographically among different states, 
regions, and countries based on types of crops, 
climate, economy, and regulations. The informed 
health and safety professional must keep up to 
date on the chemicals used on specific crops and 
livestock in their region, how they are applied, 
and when they are used. This information may 
be obtained from the agricultural extension 
s ervice, regional/area agricultural chemical 
s ervice dealers, regional/state departments of 
agriculture, regional/state environmental protec
tion agencies, and regional livestock veterinari
ans. Table 6.2 is an example of notes a health or 
safety professional could develop to guide them 
in pesticide risk anticipation for their own 
region. The regional crops and usage of insecti
cides are recorded along with the health risks and 
serve as a quick reference to help assess risk 
should an event occur. Knowing the class and 
specific products used is essential to understand
ing the risk. Organochlorines are of relatively 
low acute toxicity to humans, but were largely 
replaced by the higher acutely toxic organo
phosphates and carbamates in the 1970s. 
Organophosphates and carbamates were largely 
replaced by pyrethroids and neonicotinoids in 
the 1990s (relatively low acute toxicity to 
humans) (17, 39). All classes of insecticide affect 
the nervous system of insects. Organochlorines, 
neonicotinoids, and pyrethroids function by 
interfering with the conduction of a nerve 
impulse along the  membrane of a nerve cell 
(dendrite). Organophosphates and carbamates 
function by interfering with the transmission of 
a nerve impulse across the synapse between two 
nerve cells. Compared to insects, mammals have 
different biochemical mechanisms of nerve 
 conduction along axonal membranes, rendering 
them less  sensitive to pyrethroids and neonicoti
noids. Mammals also possess enzymes that  readily 
break down these insecticides. As the nervous sys
tem physiologies of insects and mammals (includ
ing humans) differ, pyrethroids,  neonicotinoids, 

Table 6.2 Example of a risk assessment tool for 
pesticide exposures usage on a specific crop 
and region (corn, zea mays), Midwest United 
States

Insect control (insecticide use)
Soil grubs 

Insecticide usage
•	 Neonicotinoid insecticide most common
•	 Applied as a seed coating that comes with the 

commercial seed
•	 Season of use: spring (planting time)
•	 Operator health risk: minimal unless extensive 

ingestion
Root worm and cut worm 

Insecticide usage 
•	 Most often a genetically modified plant crop 

containing the Bacillus theringiensis toxin (Bt corn)
 ° Operator health hazard: no occupational health 
risk known

•	 A pyrethroid most often used, if not a Bt product or 
additional insecticide
 ° Season: generally at planting or early growing 
stage (May–June)

 ° Health risk: skin irritation. acute systemic 
symptoms only if large quantities ingested

•	 A carbamate or organophosphate may uncommonly 
be used as a spray (late May–June), acute health risk 
if heavy skin contact or ingestion

Weed control (herbicide use) 
Chemicals used 
•	 Glylphosate 

 ° Glyphosate (Roundup) may be applied on 
“Roundup ready” corn or soybeans (about 75% of 
corn planted in the United States and 90% of 
soybeans)
 ⁃ Applied as a spray
 ⁃ Season: usually two applications, first early in 

growing (May) and second in mid to late June
 ⁃ Health risk: low risk, acute hazard very rare 

unless large quantity ingested
 ° Trizaine herbicide (e.g., atrazine): applied prior to 
planting or early growing season as a pre‐emergent 
(kills weeds before they emerge from the ground, 
May–June)
 ⁃ Often applied as a spray in combination with 

glyphosate
•	 Health risk: very low risk, acute hazard very rare 

unless large quantity ingested

Fungus control (fungicide use) 
 ⁃ Chemicals used: strobilurin class fungicide most 

common
 ⁃ Applied as a foliar (spray boom or airplane 

application)
 ⁃ Season applied: usuallyJuly and August
 ⁃ Human health risk: usually low acute toxicity risk
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and organochlorines are relatively safe (some 
2000 times less acutely toxic to humans  compared 
to their toxicity to insects). Organophosphates 
and carbamates have a relatively similar toxic 
mechanism for insects and mammals, and repre
sent a greater risk of acute toxicity to humans 
than the other insecticide classes. However, 
organophosphates and carbamates are a minor 
component of the insecticide arsenal used today 
by farmers in both developed and less‐developed 
countries. For all markets in the United States 
OPs fell from 57% in 1980 to 35% in recent 
years of all insecticides used, the difference made 
up by increased use of GMO crops, neoticoti
noids and pyrethroids, which make up the 
bulk of the remaining 65% (40, 41). Table 6.3 
lists commonly used insecticides as of 2015. It 
can be seen that 65% of these products are low 
or lowmoderate acutely toxic, and these are 
mainly either pyrethroids or neonicotinoids. 
Twenty‐three per cent are considered of high 
toxicity; they are either organophosphates or 
carbamates.

The remainder of this chapter will discuss in 
more detail each class of insecticide, describing its 
usage, acute toxic mechanisms, acute symptoms, 
diagnosis, treatment, and prevention.

6.7.1 Organochlorines
OCLs were used primarily for row crops, fruit 
and vegetable production, control of ectopara
sites on livestock, and vector control in public 
health applications. Increased livestock and 
poultry production resulted from the control of 
lice and mange mites in many species. Lindane 
was the active ingredient in products used in the 
United States and many other countries for lice 
and mite control in the hair of adults and chil
dren. Control of mosquitoes has resulted in a 
decline in malaria in many regions of the world. 
However, malaria and other insect vector‐borne 
diseases have now returned as an important 
 disease in many tropical countries as the use of 
OCLs has diminished (6). Malaria accounts for 
an estimated 880,000 fatalities yearly, mainly in 

Sub‐Sahara Africa, South America and the 
Middle East (42).

The toxic mechanism of OCLs is disruption 
of nerve impulse transmission along a nerve 
fiber (axon or dendrite). A nerve impulse is cre
ated  following a stimulus that results in an 
exchange of sodium for potassium across the 
nerve cell membrane, facilitated by a biochemi
cal sodium pump. The exchange of ions results 
in a wave‐like shift of polarity traveling along 
the nerve axon, innervating the end organ or 
tissues (muscle), or connecting other parts of the 

Table 6.3 Relative insecticide toxicity of some 
commonly used insecticides (as of 2015)

Insecticide Chemical 
classa

Risk  
levelb

Lannate (methomyl) CB H
Bidrin (dicrotophos) OP H
Methyl parathion OP H
Counter (terbufos) OP H
Curacron (profenofos) OP H
Dicofol M Temik (aldicarb) CB H
Vydate (oxamyl) CB H
Dimethoate OP M–H
Larvin (thiodicarb) CB M
Lorsban (chlorpyrifos) OP M
Comite (propargite) O M
Ammo (cypermethrin) PY L–M
Asana XL (esfenvalerate) PY L–M
Baythroid XL (β‐cyfluthrin) PY L–M
Karate (λ‐cyhalothrin) PY L–M
Brigade (bifenthrin) PY L–M
Mustang Max (Z‐cypermethrin) PY L–M
Orthene (acephate) OP L–M
Delta Gold (deltamethrin) PY L–M
Denim (emamectin benzoate) O L–M
Intrepid (methoxyfenozide) O L
Intruder (acetamiprid) NN L
Belt SC (flubendiamide) O L
Blackhawk, Tracer (spinosad) O L
Malathion OP L
Centric or Cruiser (thiamethoxam) NN L
Prevathon (chlorantraniliprole) O L
Admire Pro (imidacloprid) NN L
Sevin (carbaryl) L CB L
Diamond (novaluron) O L
Steward (indoxacarb) O L

a CB, carbamate; OP, organophosphate; O, other or unclassified; 
PY, pyrethroid; NN, neonicotinoid.
b L, low; M, moderate; H, high.
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brain. OCLs are sodium channel modulators 
(SCM) and “open” the sodium channel, increasing 
nerve transmission (4). Figure  6.9 illustrates the 
mechanism for OCL toxicity. Pyrethroid and 
ryanoid insecticides are also SCMs but the 
Ryanoids close rather than open the channel. 
Fortunately, insects are much more susceptible 
to OCLs, Pyrethroids, and Ryanoids than mam
mals. This is shown by the fact that cattle, sheep 
or swine producers who used OCLs on their 
stock were often soaked with the chemicals 
along with the animals they were treating, yet 
rarely developed acute toxic symptoms. As OPs 
replace the OCLs in the 1960s and 1970s, 
this author (KJD) observed that many  producers 
handled OPs as they had handled OCLs (not 
very carefully) and were poisoned because OPs 
are more acutely toxic.

Organochlorines are stored in the fat tissues 
of animals and thus bio‐accumulate in food 
webs, resulting in species at the higher end of the 
food chain having the highest exposures and the 
highest levels of OCLs in their fat stores. 
Substantial research affirmed the initial findings 
regarding bioaccumulation of OCLs in many 
animal species (including humans) and docu
mented the negative effects on reproduction, 
especially in large carnivorous birds (e.g., raptors 

such as the bald eagle). This resulted in legisla
tion in the 1970s that severely limited the use of 
OCLs in many applications around the world in 
the 1970s. The WHO‐sponsored Stockholm 
Convention on Persistent Organic Pollutants 
(43) recommended a ban on all OCLs, with 
some recommendations for guarded use of DDT 
in malarial prone areas. At the time of writing, 
this author (KJD) could find no EPA registra
tion for usage of any OCL in the United States.

6.7.2  Symptoms, Diagnosis, and 
Treatment of Acute OCL Poisoning

As OCLs are not in general use today, the main 
hazard is from OCL pesticides that have not been 
correctly disposed of and have remained in chem
ical stores on farms and other places. Improper 
usage and children getting into unsecured chemi
cal stores are the most likely exposures. Acute tox
icity from OCLs usually results from extensive 
exposures either through a drenching with con
centrate or ingestion of large quantities of the 
product. The primary symptoms involve the 
central nervous system. Low exposure symptoms 
or  initial symptoms of higher exposures include 
headache, dizziness, vomiting, incoordination, 
tremors, and confusion. Additional symptoms 

Nerve cell axon membrane 

Nerve axonal fiber 

Na+ Sodium channel gate open

Figure  6.9 This figure represents nerve impulse transmission along a nerve fiber. Transmission 
occurs by an exchange of polarity across the nerve membrane by exchange of sodium (positive ion) outside 
the nerve membrane for potassium (negative ion) inside the membrane activated by a “sodium pump”. The 
toxic mechanism of action of organochlorine (OCL), pyrethroid (PY), and ryanoid (RY) insecticides is that of 
“sodium pump modulation”. OCLs and PYs “open” the sodium channel, and RYs “close” the channel, result-
ing in toxic over or under nerve transmission in insects.
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may include hyperesthesia (increased skin sensi
tivity) or paresthesia (feeling of tingling of the 
skin) of the face or extremities. Advanced cases 
may involve tonic (contraction of extensor mus
cle) and colonic (rapid shift of contractions and 
relaxation) seizures, possibly progressing to coma 
with respiratory and cardiac depression (17).

6.7.3  Diagnostic Aids for OCL 
Exposures

Liquid‐gas chromatography to identify OCLs in 
the blood provides the most objective evidence of 
poisoning. However, as specific blood concentra
tions relative to toxicity are not known, clinical 
judgment has to be used regarding the signifi
cance of blood concentrations. Clinical judgment 
includes a related occupational history and symp
toms. Analysis for specific urinary metabolites 
may be helpful. As OCLs are hepatotoxic and 
induce liver enzymes, one would expect to see 
elevated transaminases (enzymes produced by the 
liver) in blood serum tests (17, 39).

6.7.4  General Principles of Pesticide‐
poisoning Treatment

The basic principles for treatment of acute 
 poisonings (17, 39) can be applied to most of the 
insecticides and herbicides discussed in this 
c hapter. Although there may be variations in the 
treatment based on the condition of the patient 
and the particular exposure that require careful 
 clinical judgment, the basic principles include the 
following practices. 

1. Skin decontamination: If a dermal exposure is evi
dent or strongly suspected, remove the clothes 
and wash the body and hair with soap and water 
to prevent further pesticide absorption.

2. Eye decontamination: If eye exposure is evi
dent, remove contact lenses if present, and 
flush the eyes with copious amount of saline 
or clean water.

3. Support respiratory function and airway protec-
tion: Remove fluids from airways with a large 

suction device. Administer oxygen if clinical 
need is apparent, and intubate if airway pro
tection and/or ventilation is needed.

4. Gastrointestinal decontamination
a. Gastric lavage should be used with clinical 

judgment to avoid negative consequences, 
principally aspiration. Lavage may be use
ful if a potentially life‐threatening dose has 
been ingested and if done within 60 minutes 
of ingestion.

b. Inducing emesis (vomiting): Syrup of ipecac 
has been historically recommended to empty 
the stomach of poison, but current recom
mendations are on a case‐by‐case basis and 
are guided by recommendations from a poi
son control center or physician. Consideration 
for use may include information that a serious 
toxicity is possible, and if emergency medical 
treatment is more than an hour away.

c. Activated charcoal (general antidote) is an 
effective absorbent for many ingested 
poisons, if given orally in slurry within 
60 minutes of ingestion. Caution should 
be used to prevent aspiration. The airway 
should be cleared of any debris and a swal
lowing reflex should be noted. Otherwise 
an endotracheal tube should be inserted to 
protect the airway.

d. Catharsis (emptying of intestines and colon) 
is not generally recommended for gastroin
testinal (GI) tract decontamination.

5. Seizure management may be necessary as some 
insecticide poisonings may result in seizures. 
Benzodiazepines (e.g., lorazepam) are among 
the first line of seizure control medications to 
consider.

Good clinical judgment must be used to deter
mine which, if any, of these procedures should 
be used. All suspected pesticide exposures cannot 
be treated in the same way. Instead, one must 
determine if the particular chemical and amount 
ingested is potentially toxic enough to warrant 
the risk of aspiration pneumonia and patient dis
comfort. Furthermore, emesis and/or lavage are 
likely only of benefit within the first 60 minutes 
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following ingestion. Table  6.4 summarizes the 
general principles discussed above (17, 44). The 
toxic mechanisms, clinical presentation, diagno
sis, and treatments are described below for differ
ent classes of pesticides, but the general principles 

above and in Table  6.4 should be considered 
before specific treatment.

Excellent references for specific treatment 
including dosage of medication include Robert 
and Reigarts (17) and Eddleston (44).

Table 6.4 General principles for treatment of pesticide exposures (17, 44)

Objective of treatment Actions

Skin decontamination Remove clothing, completely wash and shampoo the patient (attendants should use protective 
gloves and aprons if highly toxic chemicals like OPs or CBs are suspected)

Eye decontamination Remove contact lenses if present
Continually flush eyes for 15 minutes, preferably with sterile balanced saline or clean water

Airway protection Clear airway, intubate if ventilatory support needed, administer O2 as necessary
(Note: If carbamate or organophosphate poisoning, assure tissue oxygenation prior to 
administration of atropine. If paraquat poisoning, O2 is not indicated.)

Gastrointestinal tract 
clearing

Caution to assure lavage may be helpful balanced against risk of aspiration or other harm
Lavage if less than 60 minutes from ingestion, and only if relatively large amounts ingested
Contraindicated with ingestion of hydrocarbons or caustics
Use oralgastric tube, saline infusion and aspiration
Intubate if unconscious or airway not protected
Contraindications for lavage: (1) unprotected airway, (2) low level of consciousness not intubated, (3) 
ingestion of drugs that may cause rapid unconsciousness and not intubated, (4) ingestion of corrosive, 
acid, or alkali substances, (5) ingestion of hydrocarbons, (6) risk of bleeding from intubation

Administer adsorbents 
(activated charcoal)

Give within 60 minutes of ingestion
Keep giving even if patient vomits
May have to give antiemetic or administer with an oralgastric or nasogastric tube
Intubate if unprotected airway
May repeat in 2–4 hours
Dosage: adolescents and adults 25–100 g; infants and children to 12 years of age 0.5–1.0 g/kg 
administered orally as slurry, or by nasogastric tube, or gastric tube
May repeat dosage after 2–4 hours (but not with atonic gut)

Induce vomiting Use ipecac guardedly if a time delay beyond 1 hour is anticipated before definitive treatment at a 
medical care facility
Rarely recommended for home or pre‐hospital use because of risk of respiratory exposure
Effective in 30 minutes
Use only in alert, conscious people and within 60 minutes of ingestion
Do not use if there is aspiration risk or ingestion of hydrocarbons or corrosives

Induce catharsis 
(emptying of the 
intestinal tract)

Generally cathartics are relatively not indicated for management of poisoning incidents
They are absolutely contraindicated if there is any signs of bowel stasis, e.g. obstruction, recent 
surgery, or ingestion of diquat or paraquat (the latter may cause bowel stasis)
Sorbitol is the drug of choice, often contained with activated charcoal
Dosage: adults 1–2 g/kg, 1–2 mL/kg of 70% sorbitol; children 1.5–2.3 mL/kg up to 50 g
Sorbitol is not likely needed in poisoning with OPs, CBs, arsenicals, or sulfur, as  
these are cathartics

Control of seizures Lorazipam: adults 2–4 mg IV over 2–5 minutes, repeat as necessary to a maximum 8 mg over 12 
hours; children over 12 years same dosage as adults, with maximum of 4 mg; children under 12 
years 0.05–0.10 mg/kg over 2–5 minutes, repeat if necessary at 10–15 minute intervals to a 
maximum dose of 4 mg
Diazepam: adults 5–10 mg IV repeated every 5–10 minutes to a maximum of 30 mg; children 
0.2–0.5 mg/kg IV repeated every 5 minutes to a maximum of 10 mg or if under 5 years to a 
maximum of 5 mg
Phenobarbital: all ages 15–20 mg/kg IV, followed by 5 mg/kg at 15–30 minute intervals to a 
maximum of 30 mg/kg
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6.7.5  Specific Treatment of OCL 
Poisoning

Treatment of OCL poisoning should first follow 
the general principles noted in Table 6.4. If sei
zures are present, management should first follow 
prevention of physical injury during the event. 
Management of seizures medically is first with 
IV diazepam or lorazepam, and if necessary phe
nobarbital. Specific recommended dosages for 
 children and adults are given in Table 6.4.

6.7.6  Cholinesterase‐inhibiting 
Insecticides (Organophosphates 
and Carbamates)

Three primary characteristics differentiate OPs 
from OCLs: (1) OPs degrade relatively rapidly in 
the environment, (2) OPs do not bio‐accumulate 
along food chains, and (3) OPs are more acutely 
toxic to mammalian species, including humans. 
One positive outcome of the shift from OCLs 
to  OPs is the reappearance of many birds of 
prey  (raptors), such as eagles and hawks, whose 
numbers had diminished over the previous 
three decades.

OP and CB insecticides are neurotoxins by 
a  different mechanism than OCLs. Normally, 
when a nerve impulse reaches the end of a nerve 
fiber (axon), there are vesicles in the end organ of 
the nerve that release acetylcholine (ACh), which 
 carries a chemical message across the synapse to 
initiate the nerve impulse in the connecting nerve. 
Shortly after the impulse is transmitted, a second 
enzyme, acetylcholine esterase (AChE), is released 
from the end organ. This enzyme breaks down 
ACh so that the nerve impulse will not continue 
to fire. However, OPs and CBs tie up or bind 
AChE by blocking receptor sites on it, effectively 
disabling the enzyme. The toxic result of OPs 
and CBs is therefore an overstimulation of 
the  nerves that affect the autonomic nervous 
system (e.g., involuntary functions like heart 
rate, GI movement, bodily secretions, etc.) (see 
Figure  6.10). Insects and mammals share some 
of  the same neurotransmitter substances, and 
the ACh system is critically important for both 

insects and mammals (4, 5, 39). However, 
because of important differences in the neuro
transmission systems of insects and mammals, 
some classes of insecticides (e.g., OCLs, pyre
throids, ryanoids and neoticotinoids) present a 
relatively low risk for acute human poisonings 
while being very effective for insect control.

Although CBs and OPs have similar toxic 
mechanisms, the chemical linkage (CB–AChE) is 
relatively short lived, whereas the OP–AChE 
linkage is more persistent. After 5 or more hours, 
the OP–AChE linkage may become permanent 
(called aging), and new AChE must be produced 
by the end organ to counteract the poisoning. 
This toxic principle has implications for differ
ences in the treatment of OP and CB poisonings, 
which are discussed below.

6.7.7  Acute Symptoms of OP  
and CB Toxicity

In mammals, the neurotransmitter ACh activates 
certain nerves that primarily control certain com
ponents of the brain, the autonomic system 
(digestion, heart function, etc.), and to a limited 
extent, skeletal muscles (motor nerves). Acute 
symptoms of poisoning vary with the degree of 
toxicity (17, 39). Mild poisonings may mimic 
alcohol intoxication or heat exhaustion. Symptoms 
may include fatigue, nausea, and vomiting. More 
severe symptoms can be classified by the part of 
the nervous system that is affected, that is, mus
carinic, nicotinic, or central nervous system. 
Muscarinic symptoms (component of the auto
nomic system) appear classically as salivation, lac
rimation, urination, and defecation (SLUD, or 
“all faucets on” signs). The two unique clinical 
signs related to OP poisoning that should help to 
differentiate it from other poisonings are myosis 
or pin‐point pupils (some patients report periods 
of blindness or difficulty seeing) and bradycardia 
(slow heart rate). There is very  little else that 
causes this combination of symptoms. An addi
tional clinical sign is moist rales (breath sounds) 
on auscultation of the chest (because of excess 
mucous secretions into the airways caused by the 
muscarinic response). Nicotinic symptoms appear 
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as muscle fasciculations (twitches), often subtle, 
but seen in the face or extremities. It should be 
noted that some individuals (those with geneti
cally reduced paraoxonase in their blood) have 
increased susceptibility to certain OP insecticides. 
Paraoxanse is an enzyme produced by the liver 
which helps to break down active metabolites of 
some OPs, for example parathion and related 
chemicals (45). Because many children normally 
have reduced paroxanase, they may be at higher 
risk of OP exposure.

6.7.8  Diagnostic Aids for OP and CB 
Poisoning

An appropriate occupational history of exposure 
should include details of work practices and pro
cesses. The principle diagnostic test for acute OP 
toxicity is the AChE test. The following princi
ples for the use and interpretation of this test are 
essential for its utility in diagnosing a poisoning 

(17, 46). As OP and CB insecticides tie up AChE, 
a low AChE concentration is a positive test for 
poisoning (see following paragraph for interpret
ing low concentrations). As it is impossible to 
obtain and test for AChE at the nerve synapse, 
other sources of AChE in the body, such as blood 
plasma and red blood cells (RBCs), serve as sur
rogate sources. Plasma AChE is produced by the 
liver continually, and therefore in an otherwise 
healthy person the AChE remains depressed only 
for 1–2 weeks as the liver will replace that which 
is tied up quite rapidly. RBC AChE is depressed 
for much longer (4–8 weeks) as it is only replaced 
as new RBCs are produced by the bone marrow 
(Figure  6.11). This point is very important, as 
best practice should include testing for both RBC 
and plasma AChE. A positive diagnosis may be 
missed if serum AChE is the only test used and is 
conducted several (10–14) days after exposure. 
The serum test may be normal at that time as the 
liver may have replaced the tied‐up AChE, but 

Accumulation of ACh
in synaptic cleft

Inactivation
of AChE

Overstimulation
of ACh receptor sites

ACh receptor Ion flow
into cell

Figure 6.10 Normal transmission of a nerve impulse across a synapse. Acetylcholine is released 
from the end organ at the terminus of the nerve fiber and travels across the synapse to transmit the impulse 
to the next nerve fiber. The acetylcholine is rapidly broken down at the synapse by acetylcholine esterase, 
which stops the signal being sent.
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the RBC AChE may still be low. Interpreting 
acute poisoning with a CB also has some chal
lenges. As mentioned previously, the CB–AChE 
bond is short lived compared to the OP–AChE 
bond therefore a valid test for CB exposure must 
be conducted within the first few days of expo
sure, with either the serum or RBC AChE test.

Normal blood values of AChE vary widely 
between individuals therefore it is best to have 
individual baseline test results to compare with a 
second sample (coincident with exposure history) 
to determine if there is real depression of AChE. 
A 20% depression from baseline suggests a pos
sible poisoning. A 40% depression of serum 
AChE or a 30% depression of RBC AChE sug
gests a diagnosis of acute poisoning and removal 
from work exposure. Without baseline values for 
a patient the published normal ranges provided 
by the manufacturer of the particular test must be 

used, which may not be relevant to an individual. 
Note that there are several different clinical chem
istry tests for both plasma and RBC cholinester
ase, which may provide different values. It is 
therefore important to make sure when compar
ing baseline values to exposure values that the 
same test is used and preferably the same labora
tory to help assure reliable comparisons.

6.7.9  Treatment of OP and CB 
Poisoning

The treatment aim of acute OP and CB poisoning 
is to counteract excess ACh. The following recom
mendations come from Roberts and Reigert (17). 
Atropine, the primary antidote, blocks the 
effect  of excess ACh on muscarinic receptors. 
Therapeutic dosages are to effect atropinization 
(e.g., pupil dilation, decreased bronchial secre
tions, dry mouth, tachycardia (increased heart 
rate), etc.). Based on the extent of poisoning, dos
ages may range from 1 to 3 mg IV every 5 minutes 
(up to 300 mg per day) until atropinization is 
achieved. Children under 12 should be dosed at 
0.02 mg/kg, doubling the dosage every 5 minutes 
to effect. Dosage is by IV preferably, but intratra
cheal infusion may be used.

Additional to atropine, pralidoxime may be 
used early in combination OP poisonings (first 
48 hours before aging of the OP–AChE bond). 
Pralidoxine can reverse the OP–ChE bond, help
ing to achieve atropinization more rapidly. The 
dosage of pralidoxine for adults and children over 
12 is 2.0 g IV, given over a 30‐minute period. 
Continued infusion should continue at 1 g per 
hour for 48 hours as needed, with subsequent 
dosage of 1 g administered over 60 minutes and 
repeated every hour as needed. Dosage for 
children under 12 is 20–50 mg/kg (in 100 mL 
saline) over 30 minutes (17). Pralidoxine is not 
indicated in CB poisonings as the CB–ChE bond 
is temporary.

Based on anecdotal case information and 
unpublished case investigations from this author’s 
(KJD) observations in the past, workers highly 
exposed to OPs or CBs may take atropine for 
prophylaxis. They may do so on their own 
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Figure  6.11 Organophosphates (OPs) com-
bine with and inactivate acetylcholine esterase (AChE). 
Low AChE is a measure of toxicity. AChE is measured 
from sources in red blood cells and blood serum. Blood 
serum AChE returns to normal faster (1-2 weeks) com-
pared to 4-5 weeks for red blood cell AChE. Therefore 
best diagnostic practices should include testing both 
red blood cell and serum.
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 volition, having acquired atropine via illicit 
sources, for example crop dusters have been 
known to use atropine prophylactically 
(Figure  6.7). For several medical reasons pro
phylactic atropine is not recommenced (44). 
First, if the person is exposed and the atropine 
in the system is insufficient, clinical OP or CB 
toxicity may develop at a hazardous time, such 
as while a crop duster is flying an airplane, 
resulting in a risk of a serious crash. Furthermore, 
atropine depresses the ability of the worker to 
sweat, increasing the risk of hyperthermia. Eye 
pupil dilation can decrease visual acuity, mak
ing operation of equipment more hazardous 
and risking retinal damage from bright light 
(44). As CBs and OPs become less commonly 
used, this practice is likely to become much less 
common.

6.7.10  Pyrethrum, Pyrethrin,  
and Pyrethroid Insecticides

The fourth class of insecticides discussed here is 
pyrethrum and related products. Pyrethrins are 
chemical esters that make up pyrethrum, the 
insecticidal component found in the extract of 
flowers from the chrysanthemum family. These 
products are highly absorbed through the chitin 
of insects. The toxic mechanism results in a con
tinual open access of the sodium ion channel in 
nerve cell membranes, causing a continual depo
larization of the nerve cell and effecting paralysis 
of the nervous system, resulting in a rapid knock‐
down effect (the insect falls to the ground) (39, 47). 
Pyrethrins are often combined with other chemi
cals which hinder the capacity of the insects’ 
enzyme systems to breakdown the pyrethins, 
enhancing their lethal effect. Common enhancers 
include piperonylbutoxide and octylbicyclohep
tenedicarboximide. These combined products are 
used in dairy barns for fly control and in over‐
the‐counter household insecticides, but they are 
not used on crops as they degrade rapidly in the 
sun and heat.

Pyrethroids are synthetically derived chemicals 
similar to natural pyrethrum. They do not readily 
degrade with sunlight and heat and are much 

more potent insecticides compared to pyrethrum. 
Pyrethroids are now the dominant insecticide 
used in agricultural and commercial pest control, 
largely replacing OCLs, OPs, and CBs. AS men
tioned above, pyrethroids are much less toxic to 
mammals, including humans, than to insects 
(more than 2000 times less toxic) (48). The rea
son mammals are less susceptible to pyrethroids 
and neonicotinoids is that they have many 
 alternative sodium ion channel mechanisms 
compared to insects, and they have enzymes to 
rapidly break down the pyrethroid products once 
they enter the bloodstream (47–49). As occupa
tional hazards these chemicals are primarily 
 dermal and respiratory irritants and allergens. 
They cause contact dermatitis, both irritant and 
allergic types. They also cause allergic rhinitis and 
asthma (17, 39). These chemicals have low sys
temic toxicity, are rapidly degraded by the liver, 
and are excreted via the kidneys. Acute symptoms 
of pyrethroid insecticide toxicity are usually only 
seen with very high dosages, such as skin satura
tion with the concentrate or ingestion of large 
doses. Other related symptoms may include 
 dizziness, salivation, headache, fatigue, vomiting, 
diarrhea, and irritability to sound and touch. 
Unusual sensations in the skin (paresthesia) noted 
by stinging, burning, itching, and numbness may 
be seen, primarily on the face, but also on the 
hands and arms (50). This effect is increased by 
sun, heat, and water. High exposures to the 
cyano‐pyrethroid subgroup of pyrethroids may 
induce seizures. (Cyano‐pyrethroids include flu
cythrinate, cypermethrin, delta permethrin, and 
fluvalinate.)

6.7.11  Treatment of Acute Toxicity 
with Pyrethroid Insecticides

As with any pesticide poisoning, the first treat
ment is to practice the general principles given 
in Table  6.4. Washing the skin with soap and 
water and flushing the eyes is the first response. 
Allergic reactions are treated with antihista
mines  and  topical and/or systemic steroids. 
Asthma may be treated with beta‐agonists (which 
dilate the  muscles of the airways, i.e. albuterol 
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 pirbuterol, metaproterenol). Topical vitamin E 
oil preparations are effective against the pares
thesia. Corn oil and petroleum jelly are less 
effective, and zinc oxide may increase the symp
toms. Removal from the digestive tract is only 
warranted if a large amount has been ingested 
and within 1 hour  following ingestion. As seen 
above, some of the generalized symptoms may 
mimic OP poisoning, but these chemicals are 
not cholinesterase inhibitors. Atropine adminis
tered due to a wrong diagnosis may be harmful, 
even fatal, to the patient (17, 39).

6.7.12 Neonicotinoid Insecticides
Humans have recognized the stimulant and 
addictive effects of nicotine from tobacco for 
hundreds of years. ACh receptor nerve cells have 
nicotine binding sites and nicotine exposure will 
cause them to activate, creating mild stimulation 
(the additive mechanism). In the mid‐1980s and 
early 1990s research was conducted to investi
gate the use of this physiologic principle for 
chemicals potentially useful as insecticides. 
Synthetic modifications of the nicotine molecule 
(neonicotinoids, NNs) were developed and 
proved promising as effective insecticides, and 
yet were safe for non‐target species. Insects’ 
nerve cell binding sites are located mainly on 
nerve cells in their central nervous system, as 
compared to mammals, where they are distrib
uted in the peripheral as well as the central nerv
ous system. As the NN molecule binds to the 
receptor sites in  insects, there is initial nerve 
stimulation. However, with continued and over
stimulation, these receptor sites become desensi
tized and shut down, resulting in no nerve firing. 
Paralysis and death follow. ACh‐receptor nerves 
in insects have a much greater affinity for nico
tine binding as compared to mammals and other 
animal species. Thus NNs are much more lethal 
to the target species (insects) and relatively non‐
toxic to mammals (including humans), birds, 
and fish (41). 

NNs are relatively selective to sucking and 
chewing insects. They are now one of the most 
highly used insecticide classes on the global 

 market, capturing 25% of the world market in 
2008 (41). They are used as seed protectant coat
ings on corn, soy beans, and many other agricul
tural seeds. They are also used as foliar (spray‐on) 
insecticides on cotton, grain, legumes, potatoes, 
rice, and some fruits and vegetables. They are 
used in soil, timber, and even for flea prevention 
on cats and dogs. Imidacloprid is currently the 
major NN chemical in use today worldwide. 
Thiamethoxam, clothianidin, acetamiprid, and 
thiacloprid make up the remaining bulk of prod
uct sales.

There are few data available to create an in‐
depth picture of the health effects of human 
exposures to neonicotinoids as they have been in 
extensive use only since the 1990s, with few 
reports of human toxicity. This suggests that they 
are relatively non‐toxic to humans. Available data 
suggest that skin and eye irritation is possible, but 
of minor concern (51). Ingestion may result in 
health consequences more severe than dermal or 
aerosol exposures. A review of human NN expo
sure data acquired from poison centers in Texas 
revealed the following (51): (1) over 90% of cases 
were managed at home or on‐site following con
sultation with the poison center, (2) the bulk of 
the cases were reported as having no or minor to 
moderate health outcomes, (3) 2% of cases were 
referred to a healthcare facility. The following 
symptoms were reported: eye irritation (8%), 
skin irritation (7%), nausea (3%), vomiting 
(2%), and oral irritation (2%). The opinion of 
the author (48) of this review is that most expo
sure to these NN chemicals can be handled out
side health care centers, with no or only minor 
health effect (52).

No specific treatment is recommended for 
human exposure to NNs therefore following the 
general principles of pesticide treatment addressed 
previously in this chapter is the best current 
recommendation.

Although NNs have comparatively benign 
human health effects, there have been some envi
ronmental concerns. In Europe NNs have been 
incriminated in the reduction in the honey bee 
population. “Colony collapse” syndrome is a 
worldwide concern (51). The possible connection 
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of NNs to colony collapse has resulted in the EU 
considering NNs as restricted‐use chemicals. 
Furthermore, other wildlife interest groups have 
been concerned that birds may suffer from eating 
seeds coated with these chemicals, and they have 
requested a ban on NNs. Because of these envi
ronmental concerns, the EPA has put imidaclo
prid on the 15‐year registration review list.

6.7.13 Biological Insecticides
Biological pesticides (bio‐pesticides) are “natural” 
substances used to control insects. These sub
stances include microbes (e.g., Bacillus thuring-
iensis), plant products (e.g., the oil of the neem 
tree, Azadirachta indica), and naturally occurring 
soil substances (e.g., sulfur). Bio‐pesticides also 
cover adding genetic materials to plants (plant‐
incorporated protectants, PIPs), otherwise known 
as genetically modified organisms (GMOs). 
Copping’s The Manual of Biocontrol Agents lists 
and describes hundreds of bio‐pesticide agents 
(53). Most developed countries license and con
trol these substances. The US EPA registers them 
if there is proof there is no unreasonable human 
or environmental harm (54), the same require
ments as for manufactured insecticides.

Bio‐pesticides are compatible with organic 
food production. They are generally safer to use 
than manufactured products, biodegrade more 
rapidly, and have a more specific effect on target 
species. However, they may not be as effective or 
efficient as conventional pesticides, require close 
management, and are best used in an integrated 
pest management program.

Regarding occupational safety of these products, 
they are generally considered safe. Little informa
tion is available on harmful effects, including for 
PIPs, but use of PIPs is highly controversial. 
Promoted by many scientists, growers, and agri
businesses as advances in the field for producing 
food for the world, they are considered unsafe and/
or undesirable by environmentalists and a large seg
ment of the general public. PIPs are banned or par
tially banned in many countries around the world, 
including the EU (55). The primary concern of 
PIPs is food safety. The US EPA requires reasonable 

proof of human and environmental safety. The first 
PIP was registered in 1995. Since then, the EPA has 
registered numerous PIPs for corn, soybeans, cot
ton, and potatoes among various other crops. The 
most common PIP used in crop production today 
is the insertion of a gene from the bacterium 
Bacillus thuringiensis (Bt) which produces a toxin 
that kills insects feeding on plants containing this 
gene. Bt is an organism that naturally parasitizes 
caterpillar insects (53).

Opponents of PIPs in food products suggest 
that they may increase allergens, antibiotic resist
ance, and plant uptake of toxic heavy metals, and 
reduce the healthy components of plants, including 
phytoestrogens. However, a critical literature review 
by Bakshi (56) summarized that although contin
ued research is needed, these products are generally 
safe. Other environmental concerns of PIPs are that 
they may be toxic to non‐target insect species.

A major advantage of PIPs is that they result in 
a large reduction in the application of commer
cial pesticides which have known occupational 
and environmental health risks. The US EPA 
encourages further development of PIPs for the 
following reasons (54): (1) they are generally less 
harmful than conventional pesticides, (2) they 
are more target‐specific than conventional pesti
cides, (3) they readily decompose, leaving no 
environment residue, and (4) if they are used in 
conjunction with integrated pest management 
there can be a significant decrease in the total use 
of conventional pesticides. However, the use of 
PIPs remains controversial and expansion of use 
globally will be cautious. The use of (non‐PIP) 
bio‐pesticides is generally favored by the public 
and organic growers, suggesting that their usage 
is likely to expand in the future.

6.7.14 Other Insecticides
Several other insecticide chemical classes exist, but 
they have relatively low usage. Those that are most 
commonly used are discussed here. Elemental 
 sulfur is a very common chemical used on orchard, 
vine, and vegetable crops to control mites (acara
side) and fungi. It is a moderate dermal irritant, 
resulting in irritant contact dermatitis and irritation 
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of the eyes and respiratory tract. Some of the 
s ulfur on the foliage may be oxidized to sulfur 
oxides. These gases can increase eye and respira
tory irritation for those working directly with the 
plant foliage. Large amounts of sulfur (e.g., 100 g) 
may be ingested with relatively little systemic tox
icity. Although it is absorbed readily by the gut 
and excreted by the kidneys, there is a possibility 
that excess hydrogen sulfide may be formed in the 
gut, creating a secondary toxic exposure (17, 39). 
Ingested sulfur is an excellent laxative (cathartic), 
and may cause extended diarrhea, resulting in 
dehydration and electrolyte imbalance. Treatment 
of dermal contamination is removal of the sulfur 
from the skin by washing with soap and water. 
Eye contamination is treated by flushing the eyes 
with pH‐balanced saline or clean water.

Propargite (a sulfur‐based insecticide) is a com
mon product used to control mites (acaricide) on 
citrus crops. There have been no systemic poison
ings with this product, but it is a skin and eye 
irritant and allergen, causing allergic contact 
 dermatitis (17, 39). Control and treatment is as 
described above for sulfur.

6.8  Herbicides: Usage, Acute  
Toxic Mechanisms, Diagnosis,  
and Treatment

Compared to insecticides, herbicides are gener
ally much less toxic to humans and mammals. 
Plant physiology and toxicology are entirely dif
ferent from those of mammals. Thus, with few 
exceptions, acute human poisoning events from 
herbicides are rare. Reported cases of human her
bicide poisonings have followed unusually high 
exposures (e.g., unintentional or intentional 
ingestion of large quantities or extensive occupa
tional exposures). An exception to this generaliza
tion is ingestion of even small amounts of the 
broad‐spectrum herbicide paraquat. Additional 
generic symptoms of herbicide exposures include 
skin or eye irritation and irritant or allergic con
tact dermatitis. Chronic human toxic conditions 
from herbicide exposures are not causally proven 
to date (57).

Generally, the first treatment of herbicide 
 poisoning should include the five principles 
described above (see Table  6.4). Specific treat
ments for individual classes of herbicides are 
addressed below.

The following paragraphs summarize the use, 
toxic principles, diagnosis, and treatment for the 
major classes of herbicides (17, 39, 58).

The chemical classes and mechanisms of 
action of herbicides are more diverse than those 
of insecticides. Nine primary classes of herbicides 
are discussed here: (1) phenolic compounds, 
(2)  chlorophenoxy compounds, (3) arsenical 
 compounds, (4) dipyridyl compounds, (5) orga
nonitrogen compounds, (6) phalate compounds, 
(7) propenal, (8) triazine compounds, and (9) 
phosphonate compounds (17, 39, 58).

6.8.1 Phenolic Compounds
This group includes pentachlorophenols and 
dinitrophenols, products that function as pre‐
emergent herbicides and some that function as 
contact herbicides. These products have been used 
for many years in various applications, including 
weed and brush control along railroad rights of 
way and field borders, and as a fungicide, parasiti
cide, wood preservative, and germicide for hide 
preservation. Currently, there is only one registra
tion in the United States for pentachlorophenol 
(pressure‐treated wood preservative for utility 
poles). On the other hand, dinitrophenols have a 
wide spectrum of agricultural uses globally. 
Dinocap is the only currently registered dinitro
phenol in the United States and is used primarily 
as a fungicide, acaricide (ticks and mites), and for 
mildew on orchard and ornamental crops. 
Although these compounds have caused poison
ings and occasional deaths, they are not strong 
systemic toxins (relative to insecticides). However, 
they are stable compounds and may be commonly 
found in the blood and urine of most animal spe
cies (including humans), probably from eating 
contaminated foods, inhalation of the volatilized 
chemical or contact with wood (such as home 
interiors containing wood logs or wood paneling) 
that has been treated with  phenolic compounds.
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Their toxic mechanism is the uncoupling of 
oxidative phosphorylation in cellular respiration, 
preventing the intracellular energy‐storing func
tion of ADP to ATP. This results in excess energy 
being released as heat, rather than being stored. 
Hyperthermia (fever) and sweating are the princi
pal clinical signs, and symptoms include feeling 
warm. Workers in hot environments (e.g., agri
cultural workers) are more susceptible to the 
effects of these compounds. Poisoned individuals 
working in hot environments are at special risk 
for heat stroke, which is the main factor that has 
resulted in deaths from these compounds. 
(Nitrophenols are more likely to cause hyperther
mia than chlorophenols.) Hyperthermia (in addi
tion to a direct cellular effect) may result in 
cellular necrosis of muscles, liver, kidney, and 
brain tissues. These chemicals are irritants and 
inhalation of vapors or direct contact with penta
chlorophenol may cause respiratory and skin 
 irritation. Additional symptoms of phenolic 
compound toxicity (additional to high body tem
perature) include weakness, sweating, flushed 
appearance, and depressed mental function. 
Headache, dizziness, and peripheral neuropathy 
may also be present. Symptoms of severe poison
ings may include toxic psychosis, manic behavior, 
convulsions, and coma. Chronic poisoning by 
both nitrophenols and pentachlorophenol results 
in fatty liver, toxic nephrosis, and weight loss. (In 
the past these compounds were used as weight‐
loss adjuvants in humans, and to treat intestinal 
parasite infestations in dogs.) Nitrophenols have 
a characteristic bright yellow color and diagnosis 
may be aided by a yellow staining of the skin 
(direct contact) or sclera of the eye (absorption).

Laboratory confirmation requires testing the 
urine or blood for metabolites of this chemical 
group, using spectrophotometric or gas‐liquid 
chromatographic methods. Levels in excess of 
1000 ppb and compatible history, symptoms, 
and clinical signs are consistent with an acute 
poisoning.

There is no specific antidote for these chemi
cals. The most effective treatment has been the 
use of physical methods of cooling the hyper
thermic patient, such as cool baths or cooling 

blankets. The antipyretic (reduction of fever) 
action of aspirin and tylenol has not been effective 
and may be contraindicated in acute poisoning.

6.8.2 Chlorophenoxy Compounds
These systemic herbicides have been widely used 
as brush and weed killers since the early 1950s 
(17). The primary chemicals in this class include 
2,4‐D and 2,4,5‐T (the latter is now banned 
by the EPA), dichhlorprop, 4‐(4‐chloro‐2‐
methylphenoxy)butanoic acid (MCPB), and 
dicamba. These chemicals are effective mainly 
on broad‐leafed plants. They are used in many 
agricultural operations for weed and brush con
trol. In agriculture, they may be incorporated 
with fertilizers to control broad‐leaf weeds while 
fertilizing with one pass. 2,4‐D and 2,4,5‐T were 
used in equal mixtures with an orange dye as a 
defoliant in the Vietnam War (Agent Orange). 
Although many claims were filed by exposed sol
diers, cause‐effect data are marginal. Health 
problems that may have resulted from Agent 
Orange exposure were likely a result of dioxin, a 
contaminant of the manufacturing process (this 
problem has been largely eliminated). As these 
chemicals are applied as a sprayed‐on emulsion, 
occupational exposure may occur by inhalation 
of droplets or direct skin contact during mixing–
loading operations, application or application 
equipment repair, or clean up.

Chlorophenoxy compounds have low acute 
toxicity and acute clinical events have mainly 
been associated with massive exposures, such as 
ingestion in suicide attempts or extraordinarily 
high occupational exposures. They are moderate 
irritants to the skin and mucous membranes. 
Moderately to heavily exposed individuals may 
experience headache, dizziness, peripheral neu
ropathy, and airway irritation. Heavily exposed 
individuals (e.g., ingestion of large quantities) 
may result in metabolic acidosis (low blood pH) 
and blood electrolyte imbalance, resulting in 
 kidney and muscle damage. Dioxins (highly 
toxic compounds) were a contaminant of the 
early manufacturing process, as the products 
were  synthesized under too high a temperature. 
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(Regulations now specify no more than 0.1 ppm 
of dioxins in chlorphenoxy compounds.) Several 
cases of dioxin toxicity in manufacturing plant 
workers (but not agricultural workers) have been 
noted, including chloracne and neurological 
injury.

Laboratory confirmation of poisoning with 
chlorphenoxy herbicides requires gas‐liquid 
chromatography of blood and/or urine. As is the 
case for many herbicides, chlorophenoxy com
pounds are excreted rapidly (within 24 hours) 
therefore analysis for confirmation must be 
accomplished soon after exposure to obtain a 
laboratory diagnosis. Secondary dioxin expo
sures are difficult to determine as levels of dioxin 
in today’s chlorphenoxy herbicides are usually 
below toxic concentrations.

The general practices mentioned previously 
constitute initial treatment. The herbicide itself 
often induces catharsis (vomiting) and therefore 
additional cathartics are often not needed. 
Secondary treatment may be required in severe 
poisonings, including monitoring of kidney 
function and facilitation of kidney function as 
indicated (17). Key principles of treatment 
include IV hydration to enhance kidney output, 
management of electrolyte balance, and correc
tion of blood pH.

6.8.3 Arsenicals
Arsenic compounds have been used not only as 
herbicides, but also as insecticides, fungicides, 
antibacterials, and animal anti‐protozoal agents. 
The various forms of arsenicals include inorganic 
trivalent (arsenites), inorganic pentavalent (arse
nates), and various types of organic (methylated) 
pentavalent forms (59). Of the inorganic arseni
cals, trivalent forms are by far the most toxic of 
this group (four to ten times more toxic than 
pentavalent forms). The organic pentavalents are 
by far the least toxic. Prior to 1950, the inorganic 
trivalent arsenic trioxide was a commonly used 
herbicide, rodenticide, and insecticide. The trade
name for one former commonly used product 
in this class was Paris Green (it contained 
copper, which created the green color). Paris 

Green was responsible for many human deaths. It 
is a general cellular toxin with a predilection (tar
geting) for the central nervous system. Chronic 
effects include lung and skin cancers. One may 
still find this chemical stored on farms or 
orchards, left over from years past and resulting 
in occasional unintended poisonings. Ingested 
inorganic arsenic disrupts cellular metabolism 
by substitution in phosphorylation reactions. 
Arsenic also disrupts various enzymes and 
co‐enzymes. The trivalent inorganic arsenic is 
highly toxic to blood vessels, causing dilatation 
and increased permeability of the capillaries. 
Ingested arsenic first attacks the intestinal lining 
and blood vessels supplying the intestines (result
ing in stasis and insufficient blood supply 
(ischemia) and causing abdominal pain and GI 
bleeding). It also causes necrosis of the liver, 
k idneys, and central nervous system. Chronic poi
soning is marked by hair loss, hyper‐pigmentation 
of the skin, and hyperkeratosis (excessive thicken
ing of the outer layers of skin, e.g. calluses). In 
addition, there are relatively strong cause‐effect 
associations of inorganic trivalent arsenicals to 
liver, skin, and lung cancers. Other chronic symp
toms include weakness, incoordination, pain in 
extremities, persistent excess blood and protein in 
the urine, and loss of appetite and weight.

Because of their high toxicity, with many 
 poisonings in non‐target species, and associations 
with liver, skin, and lung cancers in humans, tri
valent arsenicals have been replaced by newer, 
pentavalent forms, either inorganic or organic, 
called cacodylic acid. They are used largely as 
defoliants in cotton and in home use as a crab 
grass killer. Other forms are used as intestinal anti
bacterial and antiprotozoal agents in poultry and 
swine. The pentavalent forms are relatively safe 
chemicals in non‐target species as they are poorly 
absorbed from the gut or through the skin.

Recent concerns have been expressed by scien
tists because of the natural presence of low‐level 
arsenic in some drinking water and low levels found 
in homes and in children’s play areas near agricul
tural areas where arsenic was applied years ago (60). 
The health effects of these low levels of arsenic are 
undetermined. Some countries (e.g., Bangladesh) 
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have very high levels (well above the maximum rec
ommended concentration of 50 mg/L) of arsenic in 
drinking water, which may give rise to cancer, neu
rologic disease, and a  variety of other systems 
pathology.

Confirmation of poisoning requires measuring 
arsenic in the urine or blood at more than several 
hundred (typically over 1000) micrograms. A 
meal of seafood may interfere with test results, 
causing a temporary increase in arsenic in the 
urine, therefore a second measure may be indi
cated to confirm poisoning, recognizing, however, 
that arsenic is cleared very rapidly by the kidneys.

First treatment of acute poisoning must 
include the general principles of decontamina
tion. Secondary treatment aims to lower the 
body’s burden of arsenic by increased excretion 
through IV administration of the chelating agent 
dimercaprol (British anti‐lewisite, BAL). This is 
important for acute as well as chronic poisoning.

Although there is a wide range of toxicity of 
the various arsenicals, it is recommended that 
acute exposures of any arsenical should be treated 
in the same manner. However, it is important to 
know to which specific product the patient was 
exposed because prognosis is highly related to the 
specific chemical, with pentavalent and organic 
forms having low toxicity compared to trivalent 
inorganic products.

6.8.4 Dipyridils (paraquat and diquat)
Paraquat and diquat have had widespread use in 
agriculture as broad‐spectrum herbicides and 
desiccants (early and uniform maturing of crops 
for harvest). One important feature of these 
chemicals is that they adhere strongly to nearly 
anything they come into contact with. For 
example, when they are applied to the soil they 
adhere strongly to the soil particles and are of 
little environmental or personal risk thereafter. 
In the United States paraquat is a restricted use 
product (meaning there are limitations for its 
use and training of applicators may be required). 
It is not currently used in the EU. Diquat is not 
a restricted‐use product and is widely used 
globally.

A primary occupational concern is the acute 
irritant characteristics of paraquat and diquat. If a 
worker is exposed to a spray of either of these 
chemicals, one or more of the following may occur: 
nosebleed, corneal opacity, yellowing and disfigur
ing of finger nails, dry, cracked, discolored skin, 
nose bleed. None of these dermal irritant effects is 
life threatening, but ingestion of paraquat may 
result in severe life‐threatening complications. The 
immediate effects of ingestion include superficial 
burns of the oral and pharyngeal mucosa and GI 
irritation, which often causes nausea, vomiting, 
diarrhea, and sometimes dark‐colored stools from 
an upper GI bleed (melena). These symptoms may 
be mild and distract the patient and healthcare 
provider from the serious consequences that fol
low. During the first week following ingestion 
there are indications of liver and kidney injury, but 
these are not usually fatal injuries. Also at this time 
there are sub‐clinical lung parenchymal changes, 
manifested by intra‐alveolar hemorrhage and 
edema with necrosis of alveolar pneumocytes (lung 
cells). Some patients may exhibit only pulmonary 
edema, and these usually survive with appropriate 
critical care management. However, 4–10 days fol
lowing ingestion most patients proceed to a second 
stage of the disease, progressive malignant intersti
tial fibrosis of the lung.

If the concentrate (20% w/v) of this chemical 
is ingested (20–40 mg or 7.5–15 mL), life‐threat
ening toxicity may occur. One week following 
ingestion there may be liver and kidney necrosis, 
but the principal lethal effect is to the lungs. The 
lethal toxic mechanism of paraquat is that it bio‐
accumulates in the pneumocytes (lung cells), 
where the free radical by‐products of biotransfor
mation may cause a malignant proliferation of 
fibrous connective tissue in the lungs. This reac
tion continues, accompanied by progressive 
edema and dyspnea (difficult breathing), and 
almost invariably ends in death of the patient in 
2–3 weeks. Most cases result in death by asphyxi
ation. (Note that only ingestion exposures (not 
skin or aerosol exposure (with one known excep
tion) are considered a risk for the malignant pul
monary reaction). Most lethal cases of paraquat 
poisoning have resulted from suicide attempts. 
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A  high proportion of suicides in South Asian 
countries has been from paraquat ingestion, 
probably because of its known lethal effect and 
ready availability of the product.

Because any history of paraquat ingestion 
(especially the concentrate) should be considered 
an emergency, treatment should begin prior to 
receiving laboratory test results. As paraquat is 
absorbed relatively slowly from the gut, prompt 
recognition of the hazard and removal of the 
chemical from the gut has saved many lives. 
Immediate evacuation and lavage of the stomach 
should be initiated, followed by instillation of 
adsorbents, preferably Fuller’s earth and benton
ite at 100–150 g. Activated charcoal is a good 
substitute for the former. Adsorbents should be 
given to the limits of tolerance of the patient. 
Saline catharsis (enema) should follow.

Following emergency treatment, laboratory 
diagnosis of ingestion and absorption of para
quat can be accomplished by analysis of urine by 
chromatography or of blood by spectrophotom
etry, liquid chromatography or various other 
means. Product manufacturers and several EPA‐
supervised laboratories can conduct this analysis. 
This will help to confirm absorption and/or the 
success of emergency treatment, and will aid in 
prognosis. Once the chemical is absorbed into 
the bloodstream, excretion can be accelerated by 
diuresis with IV fluids and diuretics such as 
manitol and furosemide. Hemoperfusion over 
charcoal has been used to lower blood levels of 
paraquat, but it must be used within 10 hours of 
ingestion to be effective (17).

A conundrum in the medical treatment of 
paraquat poisoning is that oxygen stimulates the 
proliferation of fibrous connective tissue in the 
alveoli. Administration of supplemental oxygen is 
not indicated unless the arterial oxygen falls to 
levels that may cause cerebral anoxia. Some 
 physicians have even practiced putting patients 
(early in the course of disease) in a hypoxic envi
ronment (10–12% oxygen) or nitrous oxide to 
retard pulmonary fibrosis. Corticosteroids with 
an immunosuppressant (e.g., cyclophosphamide) 
have been used with some evidence of benefit, 
along with C, E, and B vitamins.

As mentioned above, diquat has similar acute 
irritant effects to paraquat, but its toxic effects on 
the lung are much less prominent. Diquat is not 
as selectively concentrated in the pneumocytes 
and no malignant progression of pulmonary 
fibrosis has been recorded with diquat poisoning.

6.8.5 Organonitrogens
This group of chemicals includes most pre‐
emergent herbicides, some soil sterilants, and 
some contact herbicides. Generally, these are low 
systemic toxic chemicals. They are mainly irritants 
or sensitizing agents. Ingestion of these chemicals 
results in GI irritation, but no liver or kidney 
involvement. The chlorinated acetanilides (espe
cially propachlor) are extreme skin sensitizers. 
Some individuals become so sensitized that 
complete avoidance is necessary.

Ingestion of these chemicals has resulted in 
irritation of the GI tract, manifested as nausea, 
vomiting, and diarrhea. No other systemic or 
organ systems toxicity has been observed.

One subgroup of organonitrogen herbicides is 
the carbamates. Although these herbicides are 
chemically similar to carbamate insecticides, they 
do not tie up AChE therefore individuals exposed 
to these chemicals should not be treated with 
atropine.

The first level of treatment of exposure is the 
five general steps of decontamination as described 
in Table 6.4. Ingestion of small amounts of these 
chemicals may warrant administration of a few 
ounces of activated charcoal followed by saline 
catharsis. Ingestion of large amounts may warrant 
gastric lavage, followed by administration of acti
vated charcoal and saline catharsis. However, each 
case should be evaluated carefully, as these chemi
cals are generally of low systemic toxicity and the 
risk of aspiration pneumonia during lavage should 
be weighed in relation to the risk of toxicity.

Confirmation of absorption may be indicated 
in individuals with a history of ingestion, espe
cially if symptoms occur following occupational 
exposure. Analytical methods to determine the 
urinary metabolites of many of the chemicals in 
this class are available.
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Hypersensitivity reactions may occur. 
Immediate hypersensitivity may be treated with 
antihistamines and steroids as necessary. 
Delayed or chronic allergic contact dermatitis 
cases may be treated with topical steroids, com
bined with systemic steroids in severe cases. As 
most people develop sensitivity to these chemi
cals, complete avoidance by substitution of 
products or removal of the worker to different 
jobs is often necessary as PPE does not usually 
provide adequate protection.

6.8.6 Phtalic Acid Herbicides
These chemicals are used primarily on cotton, 
strawberries, beans and other vegetable crops, 
and weeds in turf. Dachtal (DCPA) is one exam
ple of a herbicide in this group of chemicals. 
These chemicals are of low systemic toxicity. 
Ingestion may result in blood in the urine, but no 
other symptoms or signs occur unless a large 
amount of the substance is ingested.

Similar to organonitrogens, phthalates are pri
marily irritants to the skin, eyes, and mucous 
membranes. Treatment for either dermal or 
ingestion exposure to these chemicals is the same 
as for organonitrogens. Analytical methods of 
identification of dacthal in blood or in urinary 
metabolites are available if indicated.

6.8.7 Propenal
This product is an irritant gas (similar to tear gas, in 
fact one specific use for this chemical is as tear gas). 
Propenal is the primary active ingredient in several 
products, for example acrolein, aqualin, and acryla
ldehyde. These products are typically applied by 
bubbling the gas into water to control water weeds, 
for example in irrigation ditches. The chemicals are 
extremely strong irritants, primarily to the eyes and 
mucous membranes, causing tearing, runny nose, 
irritation of the throat and bronchi, and occasion
ally pulmonary edema. Asthmatics are at increased 
risk from exposure to these substances.

Propenal is contained in gas cylinders, and 
exposures have primarily been associated with 
accidental mishandling of equipment or equipment 
failure (leaky or failed valve or hose). A positive 

history of exposure is usually sufficient for diagno
sis. Ordinarily the only treatment necessary is to 
remove the victim from the exposure source to 
fresh air for a period of time until symptoms dis
sipate. Asthmatics may exhibit more serious 
symptoms as this irritant may initiate an asth
matic attack. Treatment with bronchodilators 
may be necessary in conjunction with administra
tion of oxygen with positive pressure assistance.

6.8.8 Triazines
This group of chemicals has been one of the most 
highly used herbicides in the past 50 years. They 
are used as a pre‐emergent in corn (e.q., atrazine) 
and many small grain crops. Although triazines 
are found as contaminants in surface and ground 
waters and are suspect carcinogens, there are rela
tively few acute health concerns. These chemicals 
(especially pramitol) are potent irritants to the 
skin, eyes, and respiratory tract (39), but they 
have very low systemic toxicity.

With regard to chronic issues, atrazine has 
been found to be an endocrine disruptor, possibly 
associated with poor semen quality, as noted in 
some studies (61, 62). Details of the proposed 
chronic health effects of atrazine are discussed in 
a later section of this chapter.

6.8.9 Phosphonates (e.g., glyphosate)
Over the past decade, phosphonates have become 
the dominant broad‐spectrum herbicide. They 
have encroached on former usages of the dipyri
dyls (paraquat, diquat), chlorophenoxys (2,4‐D 
and 2,4,5‐T) and triazines among other herbi
cides in many applications. The most common 
chemical in this group, glyphosate (common 
commercial name Roundup), is available for both 
home and agricultural use. Genetic engineering 
of plants has resulted in many crops that can 
 tolerate these chemicals, increasing its usage tre
mendously in agriculture (e.g., Roundup Ready, 
soy beans, alfalfa, and cotton).

Its toxic mechanism in plants is inhibition of 
the enzyme system, which produces several amino 
acids, including phenylalanine, tyrosine, and 
tryptophan. Mammals, including humans, are 
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not affected by these products because they do 
not have this enzyme system.

Similar to the triazines, phosphonates have 
low systemic toxicity (LD50 is 4300 mg/kg). 
However, they are moderate irritants to the skin, 
eyes, and upper respiratory tract. The actual 
symptoms may be associated with the surfactant 
in the product, rather than the active ingredient.

Occupational exposures in agriculture resulting 
in symptoms are rare. In a review of 601 cases 
reported to poison centers in the United States, 
81% resulted in either no or only minor symp
toms. Moderate to severe symptoms were seen in 
5.5% of cases and 3.2% of cases were fatal. Most 
severe poisoning episodes resulted from ingestion 
of a large quantity of the product in a suicide 
attempt. Initial symptoms in these cases were 
throat and mouth pain, nausea, and vomiting. 
Most severe symptoms were related to the cardio
vascular system (increased heart rate, dysrhyth
mias, and hypotension), leading to hypovolemia 
and low urinary output (oliguria). Respiratory 
effects included pulmonary edema, leading to res
piratory distress. Plasma levels of glyphosate at 734 
mg/mL have been associated with fatal outcomes.

First treatment as with all pesticide poisonings 
is application of the standard five principles of 
decontamination. Supportive therapy, including 
IV fluids (monitoring urinary output and pres
ence of pulmonary edema), is indicated. If renal 
failure ensues, hemodialysis may be considered 
along with correction of possible hyperkalemia 
(high potassium levels).

A recent environmental concern of glyphosate 
is the emergence of resistant weeds. There is a 
concern that genetically modified glyphosate‐
resistant plants may transfer resistance to undesir
able plants, thereby creating a weed control 
problem. Furthermore, there is a small group of 
international scientists who have expressed con
cerns about the long‐term use of glyphosate. 
These concerns include adverse alterations in soil 
microbiology, reduced animal feed value of plants, 
and human and animal health issues. Based on 
limited animal studies, in 2015, the International 
Agency on Research on Cancer (IARC) listed 
glyphosate in category 2A, (probably carcinogenic 

to humans). These concerns are controversial, and 
further s cience‐based evidence is needed to gauge 
their importance.

6.9  Fumigants: Usage, Acute Toxic 
Mechanisms and Treatment

The following paragraphs summarize the toxic 
principles, applications and treatment of fumi
gants exposures (5, 17, 39, 63). Fumigants are 
gases, liquids, or solids that sublime to gases and 
are used to control insects, rodents, and other 
vermin. Fumigants include several chemical 
classes, all with several common general physical 
and toxic principles. They have low molecular 
weight and high vapor pressure, and thus have a 
high capacity of diffusion and penetration into 
very small spaces, cracks, crevices in structures, 
stored grains, and soil to kill pests throughout the 
targeted area. The general human toxic effect of 
fumigants is that they are strong irritants and 
general cellular toxins. However, each class has 
additional specific toxic principles.

The classes of fumigants include: (1) naphtha
lene, (2) halocarbons, (3) oxides and aldehydes, 
(4) sulfur compounds, (5) phosphorus com
pounds, (6) nitrogen compounds, and (7) methyl 
isothiocyanate generators. Products registered for 
use in agriculture by the EPA include chemical 
representatives of only a few of the above. In agri
culture, fumigants are mainly used to protect 
stored grains or other agricultural produce 
(grapes, citrus fruits, peaches, etc.) from loss due 
to insects or rodents. They may also be used 
inside livestock buildings (when empty of live
stock) to control harmful bacteria, flies, rodents, 
and birds, and as soil sterilants to control nema
todes and fungi that may be harmful to vegetable 
and fruit crops (63–65). Common agricultural 
fumigants are those used mainly as soil sterilants 
or structural fumigants, that is, chlorpicrin, 
metam sodium, methyl bromide, methyl iodide, 
dichloropropene, and methylisocyanate. The lat
ter two are combined in the product Vorlex. 
Aluminum phosphide is commonly used to 
fumigate stored grain. Pellets of the product are 
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metered into grain going into storage. When the 
product collects water, it hydrolyzes to phosphine 
gas, which is a very toxic fumigant.

Most poisoning occur when workers re‐enter 
fumigated structures (confined space) before the 
structures have been adequately ventilated. Severe 
exposures usually occur by inhalation and, occa
sionally, skin contact from liquid fumigants. 
Extensive exposure may represent a life‐threaten
ing circumstance. In most instances, workers do 
not realize how severely toxic fumigants are. This 
is especially true among occasional users, such as 
farmers who attempt to treat small amounts of 
stored grain on their farms. Structural factors and 
work processes must be analyzed to determine 
the risk of exposure to fumigants (66).

Although injuries vary with particular chemi
cals, fumigants generally have one or more of the 
following toxic principles: (1) irritation to any 
exposed tissues, (2) central nervous system dam
age, (3) liver and kidney tissue damage, (4) tie‐
up of hemoglobin (oxygen‐carrying capacity of 
blood), and (5) tie‐up of general cell metabolism. 
These toxic principles result in six general types 
of injury: (1) eye, mucous membrane, and skin 
damage, (2) pulmonary edema, (3) seizures, (4) 
cardiac insufficiency (heart failure), (5) kidney 
failure, and (6) liver damage (67). The first two 
injuries are the most common exposure out
comes. The strong irritant nature of these 
 chemicals can cause corneal desquamation (loss 
of surface cells over the cornea) and ulceration. 
Dermal effects may manifest as severe bullous 
(blisters) dermatitis with extensive necrosis of 
skin. Upper respiratory effects may include 
laryngeal edema and bronchospasm. Lower air
ways damage may result in acute or delayed 
(4–12 hours) pulmonary edema. Central nerv
ous system effects may manifest as stupor, sei
zures, unconsciousness, or respiratory depression. 
Cardiac arrhythmia may result in sudden death. 
Kidney damage may result in acute or chronic 
kidney failure. Liver damage is usually reversible, 
but sometimes results in lethal necrosis or 
chronic cirrhosis.

The high capacity for fumigants to diffuse and 
penetrate complicates the protection of exposed 

workers. Systemic poisoning from fumigants can 
easily occur as they cross the skin barrier readily. 
Except for self‐contained breathing apparatus 
(completely sealed around the face), respiratory 
protective devices are ineffective. Fumigants may 
penetrate natural rubber and neoprene. It is gen
erally recommended that workers do not wear 
rubber suits or gloves while working with fumi
gants because severe skin injury can result if a 
small amount of gas or liquid enters under or 
through the protective material and becomes 
occluded, intensifying the exposure. The only 
effective protection against most fumigant com
pounds is complete avoidance.

The effects of two commonly used fumigants, 
methyl bromide and aluminum phosphide, are 
discussed here in detail. Exposure to methyl bro
mide has caused a significant number of acute 
deaths from pulmonary edema. (Methyl bromide 
is being phased out and replaced with methyl 
iodide and methyl chloride among others, which 
have similar health effects (68).) Prolonged or 
recurrent low‐level exposure produces a bizarre 
neurological syndrome in exposed workers, 
apparently due to selective effects on the basal 
ganglia in the brain. The victims show marked 
incoordination, disturbed speech, cerebellar 
ataxia, and awkward involuntary movements of 
the extremities. These symptoms sometimes 
develop hours or even days following the last con
tact with methyl bromide. Manifestation persists 
for weeks or even months. To date, all victims of 
this type of poisoning have ultimately recovered 
normal neurological function.

Phosphine gas from hydrolyzed aluminum 
phosphine with low to medium exposure 
causes  skin irritation, rash, headache, nausea, 
vomiting, throat irritation, chest tightness, 
shortness of breath, dizziness, fainting, and 
incoherence. High concentration exposures 
may result in fatal pulmonary edema and 
hepato‐renal failure.

Although there are some generalities associ
ated with fumigant exposures, there are also 
 specific toxic principles for the various chemicals. 
Table  6.5 (17, 63, 65) lists the specific toxic 
p rinciples of commonly used fumigants.
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Table 6.5 Toxic principles of fumigants (17, 63, 65)

Fumigant product Toxic principles

Acrolein Irritating gas, used on aquatic weeds
Eye, skin, and respiratory tract irritant

Acrylonitrile Eye, skin, and respiratory tract irritant
Transformed to hydrogen cyanide in the gut, resulting in cyanide poisoning

Carbon disulfidea Moderate eye and respiratory tract irritant, strong skin irritant
“Rotten egg” or “sweet” odor
CNS toxicant, headache, nausea, delirium, paralysis, respiratory failure, death

Carbon tetrachloridea Minor eye, skin, respiratory irritant
Potent liver and kidney toxin
Possible cardiac arrhythmias

Chloroform Mild irritant to eyes, skin, and respiratory tract
CNS depressant (formerly used as an anesthetic)
Large doses may lead to cardiac arrhythmia, and liver and kidney damage

Chloropicrina Soil sterilant
Strong irritant to eyes, skin, and respiratory tract
Ingestion may cause gastric ulceration

Dibromochloropropanea Strong irritant to eyes, skin, and respiratory tract
Symptoms include nausea, vomiting, CNS signs
Liver and kidney toxin
Chronic exposure may lead to male infertility due to necrosis of seminiferous tubules

Dichloropropane/
cichloropropenea

Strong irritant to eyes, skin, and respiratory tract
Possible risk of liver, kidney, and cardiac toxicity from ingestion of large quantities

Ethylene oxide/
propylene oxide

Strong irritant to eyes, skin, and respiratory tract
May cause arrhythmias

Formaldehydea Strong irritant to eyes, skin, and respiratory tract
Potent sensitizer, leading to allergic contact dermatitis
Asthma‐like symptoms
Inhalation may cause acidosis

Hydrogen cyanide See acrylonitrile above
General cellular toxin, disrupting cytochrome oxidase system
Predilection for the CNS

Methyl bromidea Severe irritant to the eyes, skin, and especially the lower respiratory tract, causing acute or 
delayed (4–12 hours) pulmonary edema
CNS toxin resulting in varying symptoms, including incoordination, tremors, slurred speech, 
and seizures
Epidemiologic associations with prostate cancer
Ozone‐destroying chemical
Scheduled for phase out in 2005 under the Montreal Protocol

Methyl iodidea Soil sterilant, replacing methyl bromide
Health effects similar to methyl bromide

Methyl chloride Similar to methyl bromide, but less irritating and mild systemic toxicity
Naphthalene Used as moth balls

Mild irritant to eyes, skin, and respiratory tract
Genetic susceptibility in some due to glucose‐6‐phosphate dehydrogenase deficiency, mainly in 
Mediterranean and African ethnicity, resulting in hemolysis and renal tubular damage

Phosphinea Stored grain sterilant
Supplied as aluminum phosphide (phostoxin) tablets.
When exposed to air and water the active ingredient (phosphine gas) is slowly released 
(increases safety factor)
Extreme irritant to eyes, skin, and respiratory tract
Odor of dead fish
Arrhythmias, cardiac failure, and pulmonary edema are most serious hazards

Sulfur dioxide Severe irritant to eyes, skin, and respiratory tract
May cause pulmonary edema or asthma‐like condition

a Most common products used in agriculture.
CNS, central nervous system.
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The first step in the treatment of fumigant 
poisoning is to remove the victim from the expo
sure to fresh air, making sure that the rescuers do 
not also become victims. Caution must be taken 
in rescuing people from where fumigants have 
been used, especially in confined spaces. 
Confined space entry procedures must be used. 
This means that unless it can be absolutely 
ensured that the environment is free of toxic 
exposures; rescuers should use self‐contained 
breathing apparatus with a rescue harness and 
adequate power to extricate the rescuer and 
v ictim remotely.

Once a victim has been removed from the 
exposure, he/she must be kept quiet and in a 
reclined or sitting position with back rest to 
help prevent pulmonary edema. Respiration 
and cardiac function must be monitored and 
oxygen and/or artificial respiration adminis
tered as necessary. The basic treatment proce
dures are similar to those described in Table 6.4 
for treatment of insecticide poisonings. One 
difference in treating fumigant injuries from 
other pesticide exposures is that skin exposure 
may lead to severe dermal or eye damage that 
will need medical attention following acute 
treatment. The initial basic treatment for fumi
gant exposures should therefore emphasize (1) 
extensive skin and eye flushing with water or 
saline to limit external tissue damage and fur
ther absorption and internal damage in addition 
to (2) clearing of airway and GI tract (if inges
tion has occurred), and (3) cardio‐ pulmonary 
resuscitation as indicated.

If pulmonary edema is evident, immediate 
patient management is to limit physical activity. 
Intermittent positive pressure oxygen may be 
given, but only as needed, as excess oxygen may 
increase pulmonary damage from the fumigant. 
Oxygen saturation or PO2 should be monitored. 
A diuretic (e.g., furosemide) may be given to help 
reduce pulmonary edema fluid (17). If shock 
occurs, the patient should be placed on an 
incline  with their head lower than their feet 
(Trendelenburg position) to help prevent blood 
pooling in the lower extremities.

If convulsions occur, treat as indicated in 
Table 6.4. It should be noted that convulsions are 
most likely to occur with poisonings from methyl 
bromide, cyanide, acrylonitrile, phosphine, or 
carbon disulfide. Convulsions from methyl 
b romide may be refractory to benzodiazepam and 
phenylhydantoin treatment. Barbiturates may 
have to be used.

Kidney and liver function should be moni
tored. Urine analysis with evidence of urinary casts 
suggests kidney tubular damage. Hemodialysis 
may be needed if there is significant kidney 
d amage. The following liver function enzymes 
should be monitored: alkaline phosphatase, LDH, 
ALT, and AST.

There are certain additional characteristics 
and recommendations for some specific fumi
gants. With carbon disulfide poisoning there may 
be some initial severe central nervous system 
signs, but in most instances the patient will 
recover from these signs spontaneously (17). 
Although there is no specific antidote for carbon 
tetrachloride poisoning, initial hyper‐baric cham
ber treatment with oxygen may help to limit liver 
damage in acute exposure. N‐acetyl cysteine 
(mucormyst) may be administered to decrease 
free radical d amage. It may be administered orally 
at 20% (1:4) in a carbonated beverage for a total 
of 140 mg/kg, followed by 70 mg/kg every 4 
hours for 17 doses. Mucomyst may also be given 
via stomach tube or IV. IV glucose and vitamin 
infusion help to protect the liver. Hemodialysis 
may be necessary to sustain life if renal failure 
occurs.

Phosphine gas exposure has been treated with 
magnesium sulfate to retard the cardiac effects. 
The dosage given is 3 g in the first 3 hours by IV, 
followed by 6 g in the following 24 hours over the 
following 3–5 days.

Hydrogen cyanide and acrylonitrile poisoning 
(same toxic principle) are treated with nitrite as 
amyl nitrate, sodium nitrite, or sodium thiosul
fate (available as Lilly cyanide kits, Eli Lilly, 
Indianapolis, IN). Administration is at the rate of 
0.55–1 mg/kg, depending on the hemoglobin 
concentration.
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6.10  Chronic Health Effects of 
Insecticides, Herbicides, 
and Fumigants

Hundreds of studies have been conducted aimed 
at discerning the chronic health effects of pesti
cide exposure. Numerous reports have been 
p ublished in peer review literature on associations 
between pesticide exposures and chronic health 
outcomes. However, associations do not mean 
cause‐effect. Establishing cause‐effect for the 
chronic health effects of environmental exposures 
generally is very challenging for many reasons 
(2, 69). Determining the accurate specificity and 
quantity of exposures to suspected agents that 
may have occurred many years earlier is extremely 
difficult. It largely depends on the memory and 
accurate reporting from potentially exposed 
i ndividuals. Challenges in epidemiologic studies 
include determining and controlling for con
founding variables, co‐variables, biases, and mul
tiple causations. In addition, associations between 
pesticides and symptoms or health conditions are 
often ill‐defined and subtle, adding further 
c hallenges. Bradford Hill’s famous paper on envi
ronmental causation (reviewed by Lucas and 
McMichael) and a paper by Donham and Thorne 
(2, 69, 70), suggested that to determine cause‐
effect, most or all of following are necessary: (1) 
proof of exposure to the suspected agent, includ
ing exposure prior to effect, (2) a substantial 
dose‐response effect should be seen, (3) agree
ment and repeatability among several studies, (4) 
the association should be biologically plausible 
(i.e., does it make sense), and (5) a probable and 
plausible mechanism.

Several scientists have reviewed the available 
research on the chronic health effects of pesti
cide exposures. Their opinions of the state of the 
s cience suggest that the weight of evidence 
requires caution and exposure prevention, but 
may not rise to level of cause‐effect (2, 71). 
The quotation from a recent review of the health 
effects of pesticides by McCauley and colleagues 
summarizes chronic health effects as follows: 

“Although a number of health conditions have 
been associated with pesticide exposure, clear 
linkages have not yet been made between expo
sure and health effects except in the case of acute 
pesticide e xposure” (3).

The deficiencies in the state of the science cre
ate complications in risk communication between 
the health and safety professional to their client 
or patient about this subject. This often results in 
uncertainty in the professional and the client/
patient, resulting in an emotional response and 
fear as opposed to a rational response toward 
development and promotion of effective preven
tive measures. Given the above caveats, the sus
pected associations between pesticides and 
chronic health effects are summarized below.

Carcinogenic, mutagenic, teratogenic, and 
oncogenic associations have been reported and 
these are discussed in Chapter  5. Reproductive 
and urogenital disorders associated with pesti
cides exposures have been reported, including 
reduced sperm count, sterility, miscarriage, and 
urogenital cancers. A proposed mechanism for 
these outcomes has been endocrine disruption 
action attributed to numerous chemicals in 
our environment, including a few that are 
insecticides, herbicides, or fungicides (61). 
Organochlorines, organophosphate insecticides, 
and the herbicide atrazine have received the bulk 
of scrutiny as pesticide endocrine disruptors. The 
proposed mechanism is that these chemicals may 
bind to cellular androgen and/or estrogen recep
tors sites, mimicking hormone action (agonist 
effect), or block the receptor sites, resulting in a 
blockage of hormone action (antagonist effect). 
Additional actions may include interference with 
synthesis, transport, metabolism, and elimina
tion of natural (normal) hormones (62). Proposed 
disease associations with the hormonal disrup
tion actions have included adverse central n ervous 
system development or developmental dysfunc
tion in infants, children, or adults, and urogenital 
cancers among other outcomes (62). For example, 
OCL exposures have been associated with several 
congenital and reproductive problems, including 
hypospadia (a congenital altered location of the 
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urethral opening), oral clefts, nervous system 
anomalies, and abnormal sperm. Additional 
a ssociations of OCLs with deficits in male repro
ductive hormones and thyroid hormones have 
been reported (71).

Associations between insecticides and central 
and peripheral nervous system disorders have 
been shown. For example, fetal and child neuro
logical development and child behavioral dis
orders have been associated with OCL and OP 
exposures (61).

Adult chronic neurological deficits associated 
with past acute poisonings or long‐term low‐
level OP exposures include subtle peripheral 
clinical signs (e.g., visual motor speed, nerve 
conduction velocity, and central neurological 
deficits, including cognition deficits, verbal 
abstraction, attention and memory deficits (15), 
and Parkinson’s disease (61, 72). Reviews by 
Kamel, Hoppin and associates (73), and Tanner 
and associates (74) suggest evidence of an asso
ciation between pesticide exposures, cognitive 
and psychomotor dysfunction, and Parkinson’s 
disease. However, the authors of these reviews 
suggest that most studies are limited by potential 
biases, small study populations, and insufficient 
exposure data.

Exposure data are often generalized to pesti
cides, which include hundreds of different 
chemicals with different toxic principles. Fur
ther more, many of the chemicals where asso
ciations with chronic health effects have been 
reported (e.g., OPs and OCLs) are in limited use 
today in most developed agricultural economies. 
Little research has been reported regarding the 
chronic health effects of the more common 
classes of insecticides used today (pyrethroids 
and neonicotinoids). Thus, potential chronic 
health associations with insecticides await fur
ther clarification.

Allergenic sensitization to pesticides can be a 
chronic health issue in sensitized individuals. 
The herbicide class anilides (e.g., alachlor, propa
chlor) and permethrine insecticides are the more 
common pesticides resulting in dermal and to 
a lesser extent general allergic sensitization. 
Dermal allergic conditions are discussed in 

Chapter 4. There have been some associations of 
organophosphates enhancing sensitization to 
allergens generally (75). However, the sum of 
these studies does not give a clear picture regard
ing the extent of risk and what specific insecti
cides may be implicated (76). Georgellis (77) 
suggests there are significant methodological 
limitations in the epidemiologic research to 
determine these apparent low‐level risks, and 
new research methods are needed to determine a 
clearer picture of chronic health risk.

6.11  General Strategies for the 
Prevention of Pesticide 
Poisoning

The following prevention strategies are based 
on an analysis of risk factors, research, and 
practice publications (17, 19, 38, 65, 78–80). 
An analysis of acute toxic exposures found three 
consistent risk factors: (1) failure to follow 
labeled d irections, (2) inexperienced workers, 
and (3) unpredictable random events (i.e., bro
ken hose or accidental spill) (81). Dosemeci 
and co‐workers (82) have developed an algo
rithm that is predictive of the extent of expo
sure farmers receive. They reported on six 
factors that are related to lowered exposures: (1) 
use of closed mixing systems, (2) use of tractors 
with enclosed cabs and charcoal air f ilters, (3) 
decreased frequency of washing application 
equipment, (4) increased frequency of changing 
gloves, (5) increased frequency of bathing and 
hand washing, and (6) increased frequency of 
changing clothes after spills.

Considering the reviews reported above, the 
rest of this chapter will present prevention strate
gies in more detail, broken down into four basic 
components (ordered within the generally 
accepted principles of health and safety preven
tion effectiveness): (1) engineering methods 
(avoidance, proper storage, handling, and security 
of the chemicals), (2) regulations and enforce
ment, (3) hygienic work practices, (4) use of PPE, 
(5) medical and environmental monitoring, and 
(6) education.
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6.11.1  Avoidance, Proper Storage, 
and Separation

Separating people from possible contact with the 
pesticides is extremely important. Engineering 
methods to accomplish this have advanced over 
the past decade. For example, a system has been 
developed by a North American machinery 
m anufacturer called “lock and load”. This system 
incorporates pesticides that are sealed in contain
ers that are attached to the applicator by the 
o perator, who has no need to directly open or 
handle the pesticide, leaving the only possible 
exposure post application. Further development 
and use of these integrated systems are important 
to enhanced applicator protection. Additional 
management techniques of avoidance include 
secure (locked) pesticides stores outside the house 
and areas not accessible to children and unau
thorized persons. Pesticides should not be mixed 
or stored in anything but their original contain
ers. Empty containers should be rinsed three 
times and the rinse applied with the regular 
a pplication in the field. Empty pesticide contain
ers should never be reused and should be either 
disposed of according to labeled directions or 
returned to the seller. Mixing/loading and clean‐
up operations should take place at least 50 m 
from the house (83) in well‐ventilated areas.

The use of hired commercial pesticide applica
tors in agriculture is a preventive management 
factor. Commercial applicators require certifica
tion by examination, suggesting a higher level of 
training compared to private applicators. In addi
tion, commercial applicators usually use bulk 
containers, which eliminates exposure from han
dling many small containers of concentrated 
chemicals. They also manage the removal and 
clean‐up of residual chemicals and equipment, 
eliminating farmer and farm worker exposures 
from these high‐risk exposure‐associated tasks.

Every insecticide or herbicide chemical has a 
certain tested degradation time after which con
tact with plant foliage is not hazardous. That deg
radation time is the Restricted Entry Interval 
(REI), which is printed on the product label. The 
Worker Protection Standard (WPS) (84) requires 

the employer to implement methods to keep 
workers out of fields and orchards for the extent 
of the REI. Labeling of fields indicating the REI 
is an important part of this mandate

6.11.2 Regulations and Enforcement
In the United States the Federal Insecticide, 
Fungicide, and Rodenticide Act provides the 
authority to regulate pesticides and is adminis
tered by the EPA. They register all pesticides for 
use based on the best information to assure the 
health and safety of humans, animals, and the 
environment. In addition, individual states 
(u sually through the state departments of agricul
ture) also register pesticides. They may accept the 
EPA test results, but may also require additional 
testing. State requirements must be equivalent or 
better than the federal EPA standard. The EPA 
also continually monitors new information on 
pesticide safety and reviews all registrations every 
15 years. Registrations may be revoked or 
amended depending on the results of the review 
process. The EPA also specifies what information 
must be on the product label relative to health 
and environmental protection, including proper 
PPE use by the applicator. Approval of the label 
by the EPA is a component of the registration 
process. The EPA also requires training and certi
fication of product applicators that have a poten
tial for harm to human health or the environmental 
(restricted‐use pesticides). There are two catego
ries of applicator: private (producers or farm 
managers) and commercial. Both must undertake 
training in the safe use of restricted‐use pesti
cides. The examination requirements for private 
applicators vary among states, but commercial 
applicators must pass an examination in the safe 
use of these products to gain certification. The 
state departments of agriculture and extension 
administer this training in the United States.

The EPA also promulgated the Worker 
Protection Standard (84), which requires that 
agricultural workers receive pesticide safety 
training and that employers make information 
available on the pesticides used, provide protec
tion for workers, provide methods to clean up an 
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e xposure, and provide first aid if there is an expo
sure. In addition, the US EPA sets tolerance 
standards for pesticides in foods under the Food 
Quality Protection Act of 1996. Most developed 
countries have similar regulations that require the 
safe use of pesticides to protect those applying the 
product and to protect the environment. 
Table 6.6 lists the various regulatory acts at the 
federal level that have jurisdiction in pesticide 
usage. Nine federal acts maintain regulations and 
best practices for occupational and environmen
tal and public health protection of pesticides 
usage, and these are reviewed in detail by the 
Clemson University Cooperative Extension (79).

Even with these regulations, Reeves (25) found 
that in California 41% of pesticide poisonings were 
due to violations of worker safety and health laws.

6.11.3 Hygienic Work Practices
As dermal absorption is by far the highest risk for 
occupational exposure to pesticides, and hands are 
the most frequent part of the body that comes into 
contact with pesticides, frequent hand washing is 

a  very important in prevention. It is especially 
important to wash hands before eating or smok
ing so as not to transfer pesticides from the hands 
to food or cigarettes, creating an oral route of 
exposure. This implies that there must be accessi
ble hand‐washing facilities at the work site for 
field workers. A convenient way for the i ndividual 
famer to accomplish hand‐washing is to carry a 
supply of disposable pre‐moistened towelettes 
that contain soap. Skin barrier creams (see 
Chapter 4) may be helpful to retard absorption, 
especially as washing may reduce natural protec
tive skin oils.

There are often emergency situations in the 
field where an accidental spill, mechanical mal
function, or misdirected spray may result in 
heavy exposure to the skin and clothing. There 
must be provision for rapid bathing and changing 
of clothes. For field workers, the employer must 
have protocols in place to handle these situations. 
This may include having a shelter with portable 
shower facilities and access to clean clothing on 
site, or readily available transportation to such 
facilities.

Table 6.6 Summary of US federal regulations that affect pesticide usage

Endangered Species 
Act

Prohibits use of pesticides in areas that may harm endangered species
Product label required to list where the product is not to be used

Federal Insecticide, 
Fungicide, and 
Rodenticide Act 
(FIFRA)

Product label required to assure proper use of product is followed
Applying product not in accordance with label is violation
Pesticide uses and pesticide merchants must be registered with EPA
Established class of “restricted use” pesticides (more toxic chemicals) that require special 
training for use

Field Sanitation 
Standard

Employers of more than 10 employees must provide toilets, hand‐washing facilities, 
clean drinking water, and training about safe hygienic practices

Food Quality 
Protection Act

Sets standards for pesticide residues in food
EPA must assess each pesticide for aggregate public exposure (food, water, etc.), determine 
cumulative effects, health in infants and children, and hormonal effects

Food, Agriculture, 
Conservation, and 
Trade Act (FACT)

Requires applicators to keep detailed records of specific products, use, amounts, and areas 
applied for all pesticides

Occupational Safety 
and Health Act

Requires employers to take reasonable steps to protect workers’ safety and health
Includes education, access to material safety data sheets of all products, and reporting of any 
pesticide‐related illnesses

Resource Conservation 
and Recovery Act
(RCRA)

Regulates manufacture, transportation, treatment, storage, and disposal of hazardous 
substances (including many pesticides)

Worker Protection 
Standard

EPA, registered in 1991
Requires owners and employers to provide protection to workers and pesticide handlers from 
potential pesticide exposure, train them, and provide mitigation in case exposure occurs
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Chronic exposure may result from the build 
up of pesticides on the skin over several days. 
Therefore, daily showering or bathing and sham
pooing is very important. For hired field workers, 
housing may often be substandard and there may 
not be access to showering or bathing facilities at 
their living quarters. Managers must appreciate 
the importance of hygiene and provide shower
ing/bathing/shampooing facilities as part of their 
worker protection programs.

During application and while working in fields 
where pesticide residues may still be present, wear
ing clean clothing daily is important to avoid skin 
contact with contaminated clothing (83). Non‐
washable gloves and shoes should be avoided as 
they tend to soak up pesticides and become a con
stant source of exposure. Clothing and shoes that 
may have been contaminated should be kept out 
of the house and separated from the clothing of 
other household members. Daily washing of 
exposed clothes during the application season is a 
very important preventive procedure. Best practice 
recommendations include washing clothes three 
times separately from other clothing (85).

Eating and break places should be separate 
from the workplace for those working with pesti
cides, and these places should be kept clean and 
sanitary. There should also be access to hand‐
washing facilities at these sites.

6.11.4 Personal Protective Equipment
For those working in areas of lower risk (field 
work, etc.), regular cotton clothing is probably 
sufficient. Treatment of cotton pants or shirts 
with commercial fluorocarbon stain‐resistant or 
water‐repellant sprays (e.g., trade names Scotch 
Guard or Zepfel) provides good protection (86).

For those workers involved in mixing/load
ing or application operations, additional PPE is 
necessary. The use of rubber or synthetic rub
ber, neoprene or better nitrile gloves is extremely 
important, as dermal adsorption is a relatively 
high risk and the hands are the most common 
site of exposure. These gloves should be unlined, 
as contamination of the lining would be a 
source of continuous exposure and may create a 

greater risk than no gloves at all. For comfort, 
reusable cotton gloves may be used inside the 
impermeable gloves, but they must be washed 
daily as per the procedures mentioned above. 
Other reusable gloves should be routinely 
washed inside and out to prevent contact of the 
contaminated glove s urface with the hands (on 
the inside of the gloves) and other parts of the 
body that may be contacted by the gloves. 
Plastic aprons and rubber footwear additional 
to rubber gloves should be used in mixing and 
loading operations. Respirators afford little 
protection in most of these types of operations 
unless a fine powder or highly volatile chemical 
is used. In certain situations, such as where 
orchard air‐blast applicators are used, respira
tors and a complete rubber suit along with rub
ber gloves are necessary. In these operations, 
pesticides are sprayed with powerful high‐pres
sure fans into the foliage. The sprayer is attached 
to a wagon (the pesticide reservoir) that is 
pulled through the field by a tractor. Operators 
without a protective cab, or who otherwise have 
exposure to this blast, are highly exposed pri
marily via the dermal route and secondarily by 
the respiratory route, and therefore these work
ers need extensive protection.

It is a common observation by this author 
that workers are either under‐protected or over‐
protected. The hazard of under‐protection is 
obvious. The hazard of over‐protection leading 
to heat stress is a high risk in hot climates, espe
cially for elderly, non‐acclimated workers, or 
workers with co‐morbidities such as cardio‐
r espiratory embarrassment. Achieving the right 
level of p rotection requires an understanding 
and analysis of the exposure risks, including the 
toxicity and formulation of the specific product, 
mixing/loading and application processes, 
degree of training and compliance of workers, 
and climate. There is not a single specific 
f ormula for proper worker protection. 
Understanding and integrating all of the infor
mation mentioned above and following the 
label directions and material safety data sheet 
(MSDS) will help to ensure the protection of 
those applying the product.
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6.11.5 Medical Monitoring
Workers exposed to insecticides may be monitored 
in several ways. Perhaps the most common way 
(and one that has been included in some regulatory 
practices) is monitoring of AChE (medical moni
toring) for OP and CB exposed workers (17, 87). 
As there are no federal requirements, states can 
choose and design their own programs. California 
and Washington require medical monitoring (88). 
Thirty states require reporting of pesticide poison
ing and 11 of those states require action on those 
cases (28). Note, however, that the medical moni
toring procedures described below may not be 
effective for CBs (without OP exposure) as CBs 
have only a temporary blockage of AChE and such 
monitoring may not detect exposure unless it is 
within 24 or 48 hours. AChE testing estimates 
indirectly the levels at nerve synapses by measuring 
the surrogate AChE produced by the liver and 
found in the blood plasma (plasma AChE), and/or 
that found in red blood cells (RBC AChE).

Procedures for Monitoring AChE

Keifer and Sheridan have prepared a flow chart for 
clinicians that provides convenient and comprehen
sible guidelines for medical monitoring (90). The 
following paragraphs summarize those recommen
dations. As mentioned earlier, OPs and CBs cause a 
lowering of the blood AChE. Monitoring of this 
blood parameter can help to prevent acute toxicities. 
Such monitoring is recommended if workers have 
been exposed to OP restricted‐use insecticides for at 
least 30 hours on 30 consecutive days. There are 
various methods of measuring AChE in the blood. 
As AChE levels are highly variable among individu
als, it is important to obtain a pre‐exposure baseline 
level for follow‐up comparisons. (Workers must not 
have had any OP exposure for at least 30 days prior 
to testing to assure a valid baseline measurement.) A 
second (not required) baseline test will help to assure 
the validity of the test. If a second baseline test is 
taken, the mean of the two tests should be used as 
the baseline value.

Best practice prescribes that both plasma AChE 
and RBC AChE should be assessed using the same 

laboratory procedures and by the same laboratory to 
best assure comparable results. If only one test is 
conducted, the plasma AChE test is recommended.

The following principles should be employed 
in the AChE monitoring of workers:

1. Take a sample at least 2 weeks before start of 
application or other exposure.

2. Record the baseline measure in a secure 
m anner that can be matched to the person 
and subsequent measures.

3. Conduct both serum and RBC cholinesterase 
levels.

4. Conduct follow‐up tests at midseason and at 
the end of the application season.

If the AChE levels fall to 40% of the baseline 
serum level and 30% of the baseline RBC level, 
the worker should be removed from exposure 
until the levels return to their baselines. A greater 
than 40% drop from baseline warrants immedi
ate medical attention (46, 88).

Exposure Monitoring

Monitoring of exposure is usually conducted as a 
research technique, rather than as a preventive pro
cedure. A common practice has been to have 
workers wear cotton gloves and/or have cotton 
patches taped on standardized locations on the 
body and clothing. Following work exposure, the 
gloves are removed and taken to a laboratory where 
they are extracted with solvents and analyzed for 
pesticide content and concentration. This proce
dure provides a relative measure of dermal expo
sure. Another method is the use of fluorescent 
tracers in the pesticide. Following contact with the 
pesticide, a worker is exposed to a UV light and the 
degree of fluorescence is related to the total amount 
of exposure. This is a qualitative test, but recent 
research has involved the measure of fluorescence 
based on a computer integration of fluorescence 
from several angles and body locations (so called 
VITAE method). These fluorescent methods have 
proven to be a great teaching device for workers to 
see how much of the body becomes exposed dur
ing work with pesticides, but has not proven suf
ficiently quantitative for health monitoring (24).
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Many pesticide breakdown products are excreted 
in the urine. Spot tests using these procedures have 
shown promise as a field monitoring method (91). 
Relative to AChE testing, urinary metabolite tests are 
more specific to the particular insecticide exposure 
and more quantitative. However, to assess quantita
tion of exposure the urine sample must be standard
ized by measuring its creatinine concentration.

6.11.6 Training
A proper understanding on the part of owners/
operators, managers, and workers of the toxicity 
of the chemicals and method of protection is 
extremely important. Most industrial countries 
have programs to train applicators, for example 
the US EPA requires all applicators of restricted‐
use pesticides to take pesticide applicator train
ing. However, other factors in addition to training 
are needed to create effective prevention (92) as 
little correlation has been shown between train
ing and PPE use (93).

6.12 Summary

From the broad array of chemicals available, only 
selected pesticides of particular importance to 
agricultural workers have been covered in this 

chapter. Further details can be found in the refer
ences listed below and in the websites listed in 
Table  6.7 (94–97). Many toxic syndromes are 
complex and are not easy to recognize via symp
toms and clinical signs alone. The most important 
element in diagnosis is an awareness of the poten
tial hazard presented by these chemicals and the 
appropriate history for exposure potentials. The 
alert health professional will not fail to inquire 
into the possibility of toxic exposure when con
fronted with complex patterns of c linical disease 
in those exposed to agricultural pesticides.

Pesticides are a broad group of chemicals that 
includes over 1000 active substances and 16,000 
formulations developed to kill insects (insecticides), 
weeds (herbicides), or fungi (fungicides). Regulations 
instituted under the Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA) of 1947 has resulted 
in the progressive development of products that are 
safer for humans, animals, and the environment. 
Administered by the US EPA (since 1972) FIFRA 
has been amended several times (the last in 2012) to 
govern the safe use of pesticides.

As agricultural practices and pesticides vary 
tremendously, the health or safety professional 
should find out what pesticides are used in their 
community, on what crops, and how and when 
they are applied in order to assess health risk and 
ascertain an accurate occupational history.

Table 6.7 General quick references on types and usage of pesticides (94–97)

1. Roberts J, Reigart J (2013) Office of Pesticide Programs, US Environmental Protection Agency
www.epa.gov/pesticiee‐worker‐safety
Clinical overview of types of pesticides, diagnosis, and treatment

2. Pesticides: topical and chemical fact sheets
www.epa.gov/pesticieds/fact sheets/chemicals
Search on individual pesticides by name to find the class of insecticide, how it is used, the specific toxicity, and prevention

3. Extoxnet – Extension Technology Network, Pesticide Information Profiles
www.extoxnet.orst.edu/pips/dinocap
Search on individual pesticides by name to find the class of insecticide, how it is used, the specific toxicity, and prevention

4. Registration and review of pesticides, Environmental Protection Agency
www.epa.gov/oppsrrd/registration_review
Search and find the registration requirements under the Federal Insecticide, Fungicide, and Rodenticide Act
Regular reviews are scheduled for the safety of pesticide products. Reviews of products may also occur before the regular 
review interval if new information and research on safety is suggestive of a health or environmental risk.

5. Pesticide National Synthesis Project, US Geological Survey
water.usgs.gov/nawqa/pnsp/usage/maps/
An interactive map indicates where certain pesticides are used and on what crops
Active ingredients can be searched by product name (11) http://pims.psur.cornell.edu/
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Key Points

1. The agricultural use of commercial pesti
cides began in the mid‐1940s with the 
organochlorine DDT. Because of its envi
ronmental p ersistence and bio‐accumula
tion in food chains, and encouraged by the 
international environmental movement 
(10), DDT and other organochlorines have 
either been banned or severely restricted in 
their legal usage. The diminished use of 
organochlorines (OCLs) has had positive 
environmental effects, most notably the 
resurgence of feral carnivorous birds (rap
tors) because of the removal of the softening 
effect OCLs have on their egg shells. The 
restriction of OCLs has also reduced the 
hypothesized negative association of endo
crine disruption of OCLs on humans and 
animals. However, as DDT and other OCLs 
were very effective in controlling arthro
pods, vector‐borne diseases which have now 
increased, especially malaria in Sub‐Saharan 
Africa, Asia, and the Middle East. For exam
ple, in South Africa, malaria deaths increased 
from 4117 in 1995 (before the DDT ban)to 
64,622 in 2000 (43). Now 15 countries in 
Sub‐Sahara Africa and the Middle East and 
six other countries have resumed using 
DDT or have reserved the right to begin 
using DDT. A panel of scientists studying 
the issue have r ecommended that DDT be 
re‐instituted with caution, pending no other 
effective vector‐control methods available, 
using only the minimal effective dose (43).

2. With diminishing use of OCLs, organo
phosphates (OPs) and carbamates (CBs) 
came on the market in the 1960s. They 
are less environmentally persistent, but are 
more acutely toxic to humans, animals, 
and the environment. Many of these chem
icals were therefore banned or severely 
restricted from use in the 1980s.

3. Two new classes of insecticides came on the 
market in the 1990s, pyrethroids and neo
nicotinoids, which are much less toxic to 

humans, animals, and the environment, 
and now make up the bulk of insecticides 
used. They are much lower in acute toxicity 
to humans, less persistent, and have few 
known environmental effects (with the 
exception of an association of neonicoti
noids with the c olony collapse condition of 
honey bees).

4. In general, the most to least acutely human 
toxic pesticide classes are (1) fumigants 
(they are generally lethal to all life forms), 
(2) organophosphate insecticides, (3) herbi
cides, (4) fungicides, and (5) biocides. In 
terms of usage (tonnage of product sold), 
the order from most to least used is (1) her
bicides (over 60% of applied pesticides), (2) 
insecticides, (3) fungicides, (4) biocides, 
and (5) fumigants.

5. The acute toxicity of the insecticides varies 
greatly according to the specific class and 
also within classes. The relative acute 
human toxicity of insecticides classes from 
most to least toxic is (1) organophosphates, 
(2) carbamates, (3) organochlorines, (4) 
pyrethroids, and (5) neonicotinoids. 
Table 6.3 lists commonly used insecticides 
(in 2015), their relative acute t oxicity, and 
their chemical class.

6. Regarding acute toxic mechanisms, all four 
classes of insecticides effect transmission of 
nerve impulses. OCLs, pyrethroids, and raya
noids all have similar mechanisms in that 
they disrupt ion exchange across nerve cell 
membranes and thus disrupt the normal 
polarization and depolarization, resulting in 
dysfunctional nerve impulses. OCLs and 
CBs affect excess nerve impulse transmission 
from one nerve cell to another at the level of 
the synapse. They block the enzyme that 
breaks down the transmitter substance ACh, 
which results in excess or continued f iring of 
that nerve impulse.

7. Regarding acute illnesses, the CDC (SENSOR) 
reported an average of 0.4 annual fatal agri
cultural occupational pesticide fatalities and 
67 non‐fatal pesticide illnesses in the 8‐year 
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period from 1998 to 2006 (28) (estimated 
fatality rate = 0.063/100,000, estimated 
i llness rate = 1.4/100,000). In comparison, 
NIOSH reported a total of 479 total occu
pational fatalities in the agricultural sector 
in 2013 (32) and 53,982 injuries and 
i llnesses in 2012 (respective rates 22.2 
f atalities/100,000 and 1,120 injuries/ 
100,000) (33).

8. OCLs, CBs, and OPs are hypothesized as 
having chronic toxicity as numerous pub
lished research articles have shown associa
tions to cognitive, central, and peripheral 
neurological deficits, certain cancers, and 
developmental conditions. However, “clear 
linkages have not yet been made between 
exposure and health effects, except in the 
case of acute pesticide exposure” (3).

9. The word “pesticide” is often perceived by 
the general public as referring to a chemi
cal that is acutely and chronically toxic to 
humans, animals, and the environment 
disproportionately to other causes of 
occupational morbidly and mortality. A 
small percentage of pesticides in use today 
out of the 16,000 registered formulations 
are very toxic or damaging to the environ
ment. Insecticides form the major class of 
pesticides that contains most of the chem
icals that are potentially hazardous. Using 
the term “pesticide” may communicate an 
unintended negative perception based on 
fear, distracting from a more science‐
based term for balanced communication. 
In order to avoid this concern, rather than 
pesticide, specific appropriate terms such 
as insecticide or herbicide, or even the 
class of chemical (e.g. pyrethroids or 
organophosphates), should be used to 
avoid generalized negative implications. 
The agricultural industry has adopted the 
term “plant protection products” to help 
deflect negative implications and improve 
accurate communication.

10. The generic principles of treatment of 
acute exposure to pesticides are:

a. External decontamination (remove 
exposed clothing and wash skin and hair)

b. Internal decontamination (administra
tion of universal antidote, e.g. activated 
charcoal, diatomaceous earth).

c. Induced emesis and catharsis recom
mended only in certain circumstances.

d. Seizure control may be required with 
benzodiazepine drugs (e.g., diazepam) or 
barbiturates if refractory to the former.

11. The principal antidote for OP and CB 
p oisoning is atropine. For OP poisoning 
p ralidoxime chloride (2 PAM) in addition 
to atropine may be helpful if given within 
the first 48 hours of exposure. There are 
no other specific antidotes for other plant 
protection products.

12. Five basic components or goals of pesti
cide exposure prevention in a large farm
ing o peration include but are not limited 
to the following:
a. Avoidance, proper storage, and separa

tion through the following principles:
i. Separation of worker from the haz

ardous chemicals through selec
tion of the least toxic chemicals to 
do the job, proper training, storage, 
and s ecurity of chemicals.

ii. Use of engineering methods 
(mechanical equipment that sep
arates worker from chemical).

iii. Use of commercial/professional 
a pplicators.

b. Ensure regulations are followed and 
enforced.

c. Farm owner/operators, managers must 
read and understand the package label 
and make sure employees understand 
and follow those recommendations.

d. Implement and maintain hygienic 
work practices.

e. Proper selection and use of PPE.
f. Training of producers, commercial 

applicators, employers, workers, and 
health professionals on the safe use of 
plant p rotection products.
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7

7.1 Introduction

The natural environment is often cited as one of the 
major advantages of rural over urban life, and many 
a migrant to the city has yearned for the sight of 
green fields, the smell of fresh‐cut hay, the smell of a 
clear running brook, or simply a deep breath of clear 
country air. … By and large, rural residents have 
been little more beneficent in their relation with 
nature than the denizens of our concrete and asphalt 
jungles. Indeed, profligate waste, and destructiveness 
have marked the exploitation of our land and other 
natural resources since the earliest white settlements 
in America. T. Ford, 1978 (1).

Mr. Ford’s pessimistic quote from nearly four 
decades ago might still be considered fresh and 
relevant by environmentalists but controversial 
by agriculturalists. The debate goes on and 
 progress (both political and environmental) is 
measured incrementally. Since the end of our 
hunter‐gatherer societies and the beginning of 
our agricultural societies, there has been a trade‐
off between the process and progress of produc
ing food, fiber, and energy for society, the health 
of the natural environment, human health, and 
the welfare of livestock and poultry. Furthermore, 

the advent of the industrial revolution (c. 1780–
1830) charted a path of increasing intensification 
of agricultural and non‐agricultural industry that 
has increasingly stressed the natural environment. 
Such industrial development has not only chal
lenged the urban environment, but also our rural 
environments as urban discharges and emissions 
have reached rural residential streams and air. As 
our industrialized nations’ economies have grown 
strong and the basic necessities of life have been 
met, the timing was right to support a rising envi
ronmental consciousness during the late 1960s 
and 1970s. In 1970, the US Congress established 
the Clean Air Act to protect the public’s health 
from air pollution. In 1972, the US Congress 
enacted the Clean Water Act to restore and main
tain the chemical, physical, and biological integ
rity of the nation’s water supplies. During this 
decade, most industrialized nations developed 
similar regulations and standards for air and 
water quality.

However, water and air pollution grow as 
global concerns. In the 1980s, research emerged 
indicating that rural environmental problems 
may be as great as or even greater than some 
urban environmental problems (2). Furthermore, 
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during this time more people left the farm, and 
city people moved out to the country for a lifestyle 
change, as farming became more concentrated 
into larger and more intensive operations. These 
changes contributed to a progressively evolving 
dichotomy between the farm and non‐farm cul
tures relative to awareness and concern for water, 
air and soil contamination from agricultural oper
ations. Furthermore, research provided evidence 
for agriculture as a source of pollution associated 
with degrading water quality for drinking, recrea
tion, and natural ecosystem health (3). A broad 
cross‐section of citizens has become concerned 
about these issues; some of these individuals have 
complained of perceived health consequences 
from these exposures. Lack of a scientific basis for 
many of these concerns obscures specific cause‐
effect diagnoses and increases the rift between the 
agricultural, rural non‐agricultural, and urban 
communities. A large portion of the production 
agricultural community feels threatened that their 
industry has been negatively portrayed based 
mainly on misdirected opinion. They fear the 
resulting excessive regulation will unnecessarily 
economically burden their operations, adding 
additional stress to their already stressful lives. 
Rural health and safety professionals must be 
aware of this stress and balance their attitudes and 
interactions in this arena with the social and scien
tific basis of these issues as they relate to clients 
and patients. The risk of not doing so is to risk 
losing trust and therefore effectiveness in health 
and safety service.

This chapter provides a science‐based overview 
of the major rural environmental pollutants and 
their sources with a focus on those pollutants that 
have a known direct or indirect effect on human 
health, and those that have attracted public con
cern. The aim of this chapter is to create awareness 
to enable rural health and safety professionals to 
better anticipate and evaluate potential environ
mental health risks while participating in informed 
public debate. Furthermore, this chapter will 
 provide information regarding the nature and pre
vention of resulting health effects in patients, cli
ents, and communities. Issues primarily related to 
ecosystem health and  sustainability are beyond 

the scope of this chapter. Sources of water, air, and 
solid waste contamination will be followed by 
what is known about the health effects of these 
substances.

7.2 Water Quality

7.2.1 Introduction
Water quality for human use depends on the 
presence or absence of certain natural elements as 
well as the presence or absence of substances 
added from human activities. Water pollution is 
by far the most important general environmental 
concern in rural areas. The consequences of water 
pollution include stress on natural ecosystems, 
depredated quality of water for recreational pur
poses, and adverse health effects from drinking 
contaminated water. The US Environmental 
Protection Agency (EPA) and others (3–6) 
reported that up to 40% of surface bodies of 
water are impaired for certain uses (e.g., recrea
tion or drinking water). Agriculture and munici
palities are the main sources of pollutants. To be 
more quantitative, agriculture is considered to be 
the source of pollution for 60% of all river miles 
and 50% of all lake acreages. Howarth (5) 
reported that on average 26% of the nitrogen 
applied to the land for crop fertilization ends up 
in our surface and ground water systems. (The 
amount of nitrogen runoff varies from 3% to 
80% depending on the model applied, regional 
soil types, and land use). Surveys in the Midwest 
and Eastern sectors of the United States revealed 
that 12–46% of shallow water wells, that is, less 
than 50 m deep (a primary source of drinking 
water for rural populations), are contaminated 
with nitrates in excess of the EPA limits of 10 mg/L 
(7, 8). Although nitrogen may be the most com
mon contaminant, and perhaps the most serious 
direct threat to human health, there are addi
tional water contaminants from urban lawns, 
g ardens, streets, golf courses, municipal waste 
treatment facilities, and industries (e.g., salt, oil, 
pesticides, phosphorus, mercury, and poly
chlorinated biphenyls,). Additional agricultural 
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source water contaminants include animal waste, 
phosphorus, heavy metals, antibiotics, antibiotic‐
resistant genetic material, infectious agents, vet
erinary pharmaceutical residues, and trace 
elements from animal feeds (e.g., copper zinc, 
and selenium) (7).

Given adequate time, natural systems have the 
capacity to mitigate pollutants if the system is not 
overloaded. However, the time to degrade con
taminants has been short‐circuited in many areas 
as millions of acres have been tiled, streams 
straightened, drainage ditches dug, drainage wells 
drilled and wetlands drained. These practices 
have tremendously expanded crop productivity 
by rapidly removing surface waters and decreas
ing subsoil moisture, which provides a healthier 
environment for small grains and allows field
work to proceed when soil moisture would other
wise be too high. Removal of excess subsurface 
moisture is important for plant health to increase 
the availability of oxygen to the plant’s roots for 
respiration, to mitigate toxic products in the soil, 
and to enhance healthful soil microbiology (8). 

However, along with these positive production 
factors, negative environmental issues associated 
with agricultural drainage include the following 
(2, 8–10):

1. Increased nitrogen runoff into receiving 
streams and percolation into ground waters.

2. Removal of wetlands which serve to break 
down water pollutants before they percolate 
back to the ground water (recharge).

3. Increases the speed, volume, and force of 
water removed from the land through increases 
in the force and volume of water, thereby 
reducing possibilities for recharge and increas
ing potential erosion.

Additional to the agricultural component chal
lenging water quality, millions of acres of earth 
have been put under concrete for parking lots and 
roads, creating additional rapid runoff without 
opportunity for recharge. Figure  7.1 demon
strates the effects of increased drainage speed 
(8, 10). It should be noted that to help counter 

Figure 7.1 Row crop cultivation that has exposed bare soil to wind and rain, combined with practices to 
speed drainage, has created difficulties to manage soil erosion. However, land management practices in the 
last three decades have slowed the problem. (Source: Medical Practice in Rural Communities, Chapter 3, 
Figure 3.5, page 48, book authors: Cornelia F. Mutel, Kelley J. Donham, Rural Health and Agricultural Medicine 
Training Program, Department of Preventive Medicine and Environmental Health, College of Medicine, The 
University of Iowa, Iowa City, Iowa 52242, U.S.A., © Springer‐Verlag New York Inc., 1983. Image reprinted with 
kind permission of Springer Science and Business Media.)
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Figure 7.2 Surface waters and shallow wells experience the same sources of pollution. Ground water 
may contain harmful substances from natural sources as well as from human actions. (Source: Medical 
Practice in Rural Communities, Chapter  3, Figure  3.1, page 44, book authors: Cornelia F. Mutel, Kelley J. 
Donham, Rural Health and Agricultural Medicine Training Program, Department of Preventive Medicine and 
Environmental Health, College of Medicine, The University of Iowa, Iowa City, Iowa 52242, U.S.A., © Springer‐
Verlag New York Inc., 1983. Image reprinted with kind permission of Springer Science and Business Media.)

this problem there have been recent  government 
programs to slow water runoff on our agricultural 
and urban landscapes, such as building ponds, 
retaining and building new  wetlands, building 
deep‐rooted plant filter strips along streams, and 
retiring highly erodible cropland amongst others 
(11). Figure  7.2 demonstrates how runoff not 
only creates a risk for surface water quality, but 
also ground water accessible by shallow (less than 
50 m) water wells.

The 1987 Water Quality Act (amendments to 
the 1972 Clean Water Act) in the United States 
(3) set specific water quality standards. Most 
developed countries have similar standards. The 
result has been an important improvement in 
point source pollutants (mainly industrial 
sources). (A point source pollution is from a spe
cific observable source, such as a factory, whereas 
a non‐point source is diffuse, over large land areas, 
without an individual specific observable source.) 
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However, it has only been in the past two decades 
that regulations (3, 11, 12) have been promul
gated relevant to non‐point source pollutants, 
which have included agricultural sources. These 
newer regulations are attempting to address issues 
of agricultural contamination. In addition to 
regional concerns, agricultural air emissions from 
industrialized as well as developing countries 
find their way to distant surface waters as acid 
rain, pesticides in rainfall, and of course climate 
change (13–15).

Most rural and farm residents’ drinking water 
supplies are not regulated. Nearly 50% of the 
global population lacks ready access to monitored 
and sufficiently treated drinking water (2, 3). 
Health and safety professionals in rural areas 
should be aware of potentially harmful pollutants 
or natural substances in water supplies in their 
practice areas in order to advise their patients’/
clients’ communities on preventive actions.

The direct contributions of water pollution to 
human health are difficult to quantify and vary 
among different geographical and demographic 
regions. Although acute health concerns are occa
sionally reported, chronic health problems are 
often multi‐factorial and it can be difficult to 
attach cause‐effect to poor water quality.

7.3  Substance Sources and Health 
Effects of Water Pollution from 
Agricultural Operations

7.3.1  Animal Wastes and Inorganic 
Fertilizers

A major source of water contaminants is the 
unused products of fertilizers for crops, which 
come from both organic (e.g., animal manure) 
and inorganic (e.g., anhydrous ammonia and 
mined potash among others) substances. 
Livestock manure contains nitrogen compounds, 
phosphorus, antibiotics, microbes, antibiotic‐
resistant genetic material, and veterinary pharma
ceuticals (14–18). Inorganic fertilizers are 
important sources of nitrate, phosphorus, chlo
ride, calcium, and magnesium contamination. 

Nitrates and phosphorous are the “footprint” of 
agricultural water pollution, as they are present in 
the highest concentrations in runoff waters and 
are the substances of greatest health and environ
mental concern (6). (As the term “animal manure” 
connotes an environmentally harmful substance 
to the urban population, the agricultural com
munity in the United States often uses the term 
“plant nutrients” to counteract this negative 
image.) Typically, manure is directly applied to 
land, primarily for the nitrogen it contains as a 
plant nutrient. Nitrogen not taken up by plants is 
converted to nitrates in the soil, which have the 
potential to leave the land and become water or 
air pollutants. A more detailed discussion of the 
fate and pathway of nitrate is given below.

7.3.2  Nitrates: Sources and 
Environmental Fate

Because nitrogen is a fundamental element of 
life, recycling of nitrogen is a fundamental eco
logic principle (17–22). Nitrogen in the soil is 
“fixed” by bacteria into nitrate or ammonia, 
which can be taken up by plants as a food source.

Plants fed to animals are digested and the 
nitrogen is incorporated into animal proteins. 
The nitrogen is then recycled to the air and soil as 
animal waste is applied to soil. The process of 
nitrification and denitrification by bacteria in our 
soils and waters converts this nitrogen to ammo
nia (NH3), nitrate (NO3), and other oxidized 
forms (primarily nitrous (N2O) and nitric oxide 
(NO)), and finally to nitrogen gas (N2) and back 
to the atmosphere (14). However, when nitrogen 
is added to fields faster than plants can utilize it, 
one of the major breakdown products, nitrate 
(NO3), accumulates. Nitrate is highly soluble and 
susceptible to runoff into rivers and lakes, and 
finally into the oceans or ground waters.

The nitrogen cycle is out of balance in a large 
component of agriculture, in both industrialized 
and some developing countries. Nitrogen pollu
tion not only contaminates water, but also air in 
the form of nitrous oxide (N2O), an important 
greenhouse gas (23). Although industries and auto 
exhausts are significant N2O sources, agriculture 
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contributes 80% of the human‐generated N2O 
(from land application of fertilizers (75%) and 
breakdown of animal manure (5%)) (13). The 
quantity of applied fertilizer has been increasing 
over the past few decades. For example, 50% of all 
fertilizer ever applied to crops has been applied 
since 1984. The primary problem is that some of 
the applied nitrogen (estimated mean of 26%) 
never reaches plant tissues (14, 24). The remainder 
escapes by runoff or volatilization to overburden 
the nitrogen cycle. This problem has increased as 
our agricultural systems have evolved from small 
diversified low‐input operations through the 
1950s to larger more intensive monoculture opera
tions which require larger amounts of fertilizers 
(22, 24).

7.3.3 Nitrates: Health Effects
Ingested nitrates (NO2) are readily reduced to 
nitrites (NO3) by commensal bacteria in the 
mouth and gastrointestinal (GI) track (25). 
Although the primary risk of high concentration 
of ingested nitrates is from contaminated well 
water, fresh green vegetables also contain low con
centrations of the substance (25). Nitrites are 
readily absorbed into the blood and complex with 
hemoglobin to produce methemoglobinemia 
(MetHb), which renders the red blood cells inca
pable of carrying sufficient oxygen to the body tis
sues (26). Infants (especially those under 6 
months) are much more susceptible than adults to 
MetHb than adults because their gut flora 
enhances the conversion of ingested nitrate to the 
more toxic nitrite, fetal hemoglobin is more read
ily oxidized to MetHb, and infants lack the 
enzyme to convert MetHb back to normal hemo
globin (27). The typical history of a poisoning is 
one of an infant who has been fed formula remixed 
with water (e.g., water from a shallow well) con
taining high levels of nitrates. White‐skin infants 
may present with a blue‐gray color of the skin 
(thus the common name “blue baby”). In dark‐
skin infants look for bluish color of the nasal or 
oral mucosa, lips, or nail beds. These infants may 
present with an irritable or lethargic disposition, 
depending on the degree of toxicity (28). The 

infant’s condition may progress rapidly to coma 
and death if not recognized and treated readily. 
The treatment for MetHb is IV methylene blue at 
1–2 mg/kg in a 1% solution. A  clinical response 
should be seen in 20 minutes. Repeated doses (if 
necessary) should not go beyond 7 mg/kg and be 
given over at least a 4‐hour period.

Other causes of MetHb include a congenital 
metabolic problem (usually benign and managed 
with daily doses of ascorbic acid) and local anes
thetics of the lidocaine family (29). GI infections 
and inflammation may increase the production 
of nitric oxide, which can be reduced to nitrite in 
the gut, causing low‐level MetHb (30). An addi
tional source of MetHb is exposure to silo gas 
(nitrogen oxides, see Chapter 3). Those exposed 
to silo gas should be assessed and treated if neces
sary for MetHb, in addition to the respiratory 
insult from the irritant nitrogen oxide gases. 
Occupational and environmental history leading 
to a diagnosis of MetHb includes primarily inges
tion of high nitrate water, but should not leave 
out the other potential sources mentioned above.

A simple bedside test for MetHb is to take a 
drop of venous blood and expose it to room air 
(or, better, pure oxygen). MetHb (and sulfhemo
globin, another condition that can occur on a 
farm, associated with hydrogen sulfide poisoning, 
see Chapter 3) will not return from dark blue to 
red (31). A second simple test is to combine a few 
drops of the patient’s blood with potassium cya
nide. If the dark color of the blood is caused by 
MetHb, it will readily turn from blue to red. This 
test will also distinguish MetHb from sulfhemo
globin, as the latter will not change color with 
potassium cyanide. The preferred laboratory test 
is co‐oximetry, which measures spectrophoto
metrically at four wavelengths and can differenti
ate MetHb from sulfhemoglobinemia.

The US EPA guideline for nitrate in drinking 
water is 10 mg/L. Two of the recently reported 
cases of blue baby investigated in the United 
States revealed water concentrations of 22.9 and 
27.4 mg/L (28).

Additional suspected perinatal risks from nitrate 
consumption by mothers include suppressed 
 intrauterine growth, prematurity, and spontaneous 
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abortion. Laboratory animal studies and case stud
ies of eight spontaneous abortions in four women 
in Indiana suggest there is a risk of abortion with 
nitrate‐contaminated well water (32). Confirming 
the health risks of excess nitrate for pregnant 
women requires further study (33).

Another suspected risk for nitrate ingestion is 
an increased risk for stomach cancers and perhaps 
other cancers (25, 33) (see Chapter 5). The con
cern is associated with the formation of N‐nitroso 
carcinogens by the reaction of nitrates with amino 
acids and or N‐alkyl‐amines (such as the herbi
cide atrazine). Van Leeuwen (34) has shown in 
Ontario that atrazine and nitrate in the water are 
associated with excess stomach cancer. Several 
studies have shown that the farming population 
is at increased risk for stomach cancer (see 
Chapter 5). There is greater total intake of nitrates 
in the EU (50–140 mg/day) than in the United 
States (40–100 mg/day) (26). The WHO and the 
EU have set maximum acceptable daily limits of 
ingested nitrate at 3.7 mg/kg/day (259 mg/day 
for a 70 kg person). The US EPA recommended 
limit is 1.6 mg/kg/day (112 mg/day for a 70 kg 
person) (26). Therefore, people who drink 2 liters 
of water per day containing 10 mg/L of nitrate‐
nitrogen (45 mg/L nitrate) consume 90 mg of 
nitrate per day (close to the US EPA maximum 
recommended consumption). Surveys in the 
United States have shown that 12–46% of wells 
tested have nitrates greater than 10 mg/L 
(depending on the land use and geology of the 
region) (6). The highest levels are found in irri
gated areas with sandy or porous soils. Wells of 
less than 60 m (200 feet) in depth are more sus
ceptible to contamination. Water is not the only 
source of ingested nitrates, as vegetables heavily 
fertilized with nitrogen may also contribute to 
the total dietary burden (26).

Specific mechanisms and dose‐response are 
not fully known for nitrate toxicity. However, the 
weight of evidence clearly indicates that both 
acute and chronic health effects of ingested 
nitrates are possible, and therefore limits on 
ingestion of nitrates are warranted.

Although the focus of concern about nitrates 
in water and health has been on adverse health 

effects, recent research has revealed a positive 
health role for nitrates and nitrites in vascular 
health and immune function (25). The key is bal
ance; some nitrates are healthful, but an excess 
can be harmful.

7.3.4 Phosphorus: Sources and Fate
Second to nitrate, phosphorus (P) is the most 
ubiquitous agricultural environmental pollutant. 
As with nitrate its main sources are inorganic 
crop fertilizers and animal manures (35, 36). 
When manure is applied in amounts sufficient to 
meet the nitrogen needs of the plants, P is in 
excess of plant needs and consequently builds up 
in soils (37). The excess P may reduce water fil
tration capacity (water is retained in the soil at 
higher concentrations) and degrade soil fertility 
because of nutrient imbalances. To illustrate how 
serious degraded soil fertility can become, one 
million acres of the Netherlands (a country with 
concentrated livestock production and small land 
mass) is degraded because of excess P from exces
sive animal manure applications (38). 
Furthermore, P attaches to soil particles and may 
leave the farm as runoff with eroded soil to con
taminate surface waters.

7.3.5 Phosphorus: Health Effects
Phosphorus at levels that may be found in drink
ing water is not directly toxic to humans or ani
mals, but it contributes along with nitrogen to 
eutrophication (increased nutrients leading to 
aquatic plant growth and oxygen depletion) of 
the surface fresh waters and salt water estuaries 
that may result secondarily in adverse human and 
animal health conditions (39). The increased 
oxygen demand caused by algal blooms can result 
in fish kills, decreased aquatic diversity, decreased 
quality of water for recreation, and undesirable 
odors and tastes in drinking water. The additional 
results of this contamination include creating an 
environment for high growth of several algae and 
dinoflagellates species which can produce toxins 
that cause adverse human and animal health 
effects. Examples include brown and red algal 
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blooms (brown or red tide; 35, 40–42), cyano
bacteria, and the protest dinoflagellate Pfiesteria 
piscicida (43). The red and brown algae are salt
water estuary species and may produce toxins 
that are consumed by and concentrated in shell
fish or certain predator fish that may cause mild 
peripheral neurologic symptoms in people if 
ingested, or skin irritation or asthmatic symp
toms with water or aerosol contact (40–42). Sea 
mammals or fish may also be affected by the tox
ins in these algae. Blue‐green algae (cyanobacte
ria) blooms can exist in either fresh or brackish 
waters. There are many species of cyanobacteria, 
and blooms have been reported from 40 coun
tries. They can create toxins, and contact or 
ingestion of this water can be harmful to both 
humans and animals. Drinking water highly con
taminated with cyanobacteria and the various 
toxins they produce can cause death (rarely), but 
also sub‐lethal pathology to the liver, nervous sys
tem, and other organ systems (41). Swimming or 
other recreational exposure can result in GI, skin, 
mouth, eye, or ear irritation (42).

Eutrophication of rivers and estuaries on the 
east coast of the United States has been specu
lated as being the source of an overgrowth of the 
dinoflagellate Pfiesteria piscicida. Toxins produced 
from this organism are incriminated in fish kills 
as well as certain health conditions in people 
exposed to water overgrown with the organism. 
Symptoms include skin irritation, short‐term 
memory loss, confusion, and cognitive impair
ment (43). Many of these symptoms appear to be 
temporary.

7.3.6 Soil Particles
Soil erosion is a major source of particulate con
tamination of surface water sources worldwide 
(1). Each year in the United States an estimated 4 
billion tons of soil runs into rivers, streams, and 
lakes (44). This area of loss is equal to 12 million 
acres (4.7 million ha), 15 cm deep, which is 
approximately the same size of land area on which 
corn is grown in the state of Iowa (the number 
one corn‐producing state in the United States). 
Particles in drinking or recreational waters alone 

do not necessarily pose a health risk, but they do 
produce aesthetic problems such as poor taste, 
turbidity, and odors. Particles also are a signal of 
additional potential contaminants, such as 
nitrates, microbial organisms, herbicides, and 
insecticides. Soil that becomes airborne (particu
lates) may cause health hazards, which are dis
cussed in the section on air contamination later 
in this chapter.

7.3.7 Trace Elements
Sodium (Na), potassium (K), copper (Cu), and 
zinc (Zn) are found in animal manure. They are 
additives to animal feeds, often at concentrations 
higher than the animal is capable of assimilating, 
and thus passed on in the manure. Although 
there is little scientific evidence of toxic health 
hazards to humans, there are concerns with deg
radation of soil fertility and toxicity to grazing 
animals. Soils with long‐term applications of 
animal manure may contain excess Cu and Zn, 
which are toxic to some plants and to animals 
grazing on these soils. Cu and Zn are not highly 
water soluble, are not removed to any great 
degree by plants, and therefore tend to accumu
late in soils. This degrades the productivity of the 
soils and leads to possible Cu toxicity to sheep 
primarily and secondarily to cattle, as they graze 
close to the ground, ingesting soil along with 
plant material (45–47).

7.3.8 Infectious Microbes in Water
Microbial contamination of ground and surface 
waters can occur from livestock operations (21). 
Organisms that have been associated with animal 
waste that have human health implications 
include Helicobacter pylori (48) (an agent that can 
cause gastric ulcers), Campylobacter, Salmonella, 
Cryptosporidium (which all cause GI distur
bances), and Listeria (which causes GI and 
numerous other conditions; 21, 49–54). Although 
there may be hundreds of species of organisms 
found in swine waste, most animal waste patho
gens do not survive long in slurry or land applica
tion because they are not well suited to survive 
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desiccation, sunlight, low pH, competition with 
other microbes, high osmosity, and high ammo
nia concentrations (55, 56). For example, 
Salmonella and Leptospira species were found to 
survive for only 3 days in swine waste (57) or 
19 days (Salmonella) in poultry manure (21, 58).

7.3.9  Health Effects of Infectious 
Microbes in Water

Although there have been documented cases of 
animal‐origin bacterial and parasitic GI illnesses 
and other water‐borne illnesses (e.g., leptospiro
sis, salmonellosis, E. coli, giardia, and crypto
sporidiosis (from animal‐to‐water‐to‐person)) 
(54, 59), it has been difficult to characterize or 
quantify the overall health risk of these exposures 
(60). Well waters may become contaminated if 
the wellhead is not properly sealed or the casing is 
not intact. Furthermore, well contamination is a 
greater risk during times of flooding or heavy 
runoff. The following information suggests 
sources of infectious agents in water present 
potential hazards. Fecal bacterial species growing 
in lagoons of confined animal feeding operations 
(CAFOs) have been found in surface and ground 
water in the vicinity of CAFOs (61). An example 
of a non‐point contamination of a municipal 
water supply outbreak includes an outbreak in 
Milwaukee in 1993 involving an estimated 
400,000 people who contracted Cryptosporidium 
parvum infection from drinking city water (53, 
62). One hundred deaths were attributed to this 
outbreak, mainly in elderly or those immuno
compromised. Although the source was never 
confirmed, the early speculation was that the 
infectious agent originated in runoff from cattle 
pastures and contaminated city water supply res
ervoirs (53). C. parvum is present worldwide. 
Ninety‐four animal species are susceptible, with 
eight different cryptosporidia species, C. parvum 
being the most common in livestock and humans. 
Feral birds may serve as environmental dissemi
nators of this organism. There are no data at pre
sent on CAFOs as sources of human infection 
with C. parvum (53). Young ruminants are espe
cially susceptible to this infection and shed the 

organism in their feces. The filtering component 
of the water‐treatment plant of most cities is not 
capable of removing this organism, and it is 
resistant to the usual municipal water treatments 
such as chlorination. UV light or ozination are 
more effective alternatives (63).

The typical human C. parvum infection persists 
for 4–7 days with typical GI symptoms of stomach 
cramps or pain, dehydration, nausea, vomiting, 
fever, and weight loss. Treatment in humans is to 
address the dehydration caused by the diarrhea. 
Nitrazoxanide a recommended antiparasitic drug. 
Rehydration may be necessary, given either orally 
or, in severe cases, intravenously (49).

7.3.10 Veterinary Pharmaceuticals
Small quantities of antibiotics, paraciticides, and 
growth enhancers (or their by‐products) pass in 
the urine and feces of animals and find their way 
into soils and water sources through manure 
application (7, 18, 64, 65). The fate, transport, 
and impact of veterinary pharmaceuticals in the 
environment were recently discussed in a review 
article (66). It is apparent that veterinary pharma
ceuticals are a potential health concern, but sec
ondary in importance to nitrogen and microbial 
pathogens.

7.3.11  Health Hazards of Veterinary 
Pharmaceuticals in Surface 
Drinking Waters

Of the various pharmaceuticals that may enter 
surface waters, perhaps the primary agents of 
health concern are antibiotics and their possible 
influence on emerging antibiotic‐resistant organ
isms (this subject is discussed in detail in 
Chapter 11).

Field studies in the vicinity of poultry and 
swine confinement facilities have revealed the 
presence of antibiotics in a variety of water 
sources, including animal waste lagoons, moni
toring wells, field tiles, streams, and rivers. 
Antibiotics of the following classes were found at 
a concentration of around 100 μg/L of water: 
tetracyclines, sulfa, beta‐lactams (e.g., penicillin), 
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Not this...This...

(Backflow prefention)

(Chemicals siphoned back into
water supply)

Figure 7.3 Back‐siphoning of agricultural chemicals into wells occurs when a hose filling a mixing/appli-
cation tank is connected to a hydrant that does not have a check valve. (Source: Medical Practice in Rural 
Communities, Chapter 3, Figure 3.3, page 45, book authors: Cornelia F. Mutel, Kelley J. Donham, Rural Health 
and Agricultural Medicine Training Program, Department of Preventive Medicine and Environmental Health, 
College of Medicine, The University of Iowa, Iowa City, Iowa 52242, U.S.A., © Springer‐Verlag New York Inc., 
1983. Image reprinted with kind permission of Springer Science and Business Media.)

macrolids (e.g., erythromycin), and fluro
quinalones (e.g., enterofloxacin) (18). A potential 
hazard is present (but low risk) in the con
sumption of antibiotics and antibiotic‐resistant 
organisms in well or surface waters (18, 64, 66, 
67). The health significance of the consumption 
of these substances at low concentrations is 
uncertain.

7.3.12 Pesticides
Rain may wash insecticides, herbicides, and fun
gicides from plants or soil into bodies of surface 
water and shallow wells (68–79). Organochlorine 
insecticides and some herbicides persist in the 
environment, and these are most likely to con
taminate rural water. However, organchlorine 
insecticides have largely been replaced by the less 
persistent organophosphates, carbamates, and 
pyrethroids, and are less likely to contaminate 
water supplies. Certain herbicides (e.g., atrazine 
and glyphosate), the chlorinated phenoxyacetic 

acid products (2,4‐D), and fungicides (e.g., 
hexachlorobenzene and pentachlorophenol) are 
also of concern (50).

7.3.13  Health Effects of Pesticides 
in Water

Occasional cases of acute pesticide poisoning 
occur from drinking water, when a spilled 
 pesticide enters an unprotected water well 
(unsealed, uncased, or broken‐cased) or back‐
siphoning from a mixing‐loading operation. 
During mixing and loading operations the pesti
cide concentrate is placed in a tank and diluted to 
specifications by adding water from a hose con
nected to a hydrant. Should the hydrant be turned 
off, with the hose under the liquid surface, the 
contents of the tank will siphon back down the 
hose into the well (unless there is a check valve in 
the hydrant) (Figure  7.3). Organophosphate or 
carbamate insecticides are most likely to cause 
acute poisonings from back siphoning cases.
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The quality and quantity of data are adequate 
to support associations of pesticide‐contaminated 
water and chronic health consequences, but not 
to the extent of cause‐effect.

Possible adverse chronic health concerns asso
ciations with pesticides include cancers of various 
types and neurologic disorders (reviewed in detail 
in Chapters 5 and 6).

7.3.14  Water Pollutants from Urban 
Sources

Improperly treated municipal sewage may pollute 
surface water supplies with infectious agents and 
nitrates. Furthermore, urban municipalities and 
industries usually locate their waste disposal sites 
in rural areas. If these sites (sanitary landfill or 
toxic waste facilities) are not properly engineered 
and managed, nitrates, infectious agents, and 
other potential toxic substances may leach into 
shallow aquifers or run off into surrounding 
streams, thereby contaminating local or distant 
downstream water supplies. Despite governmen
tal regulations, these incidents happen sporadi
cally in rural areas of industrialized countries (51, 
71, 72). The overall health effects on the rural 
population are not known (72).

7.3.15  Possible Health Effects of 
Chlorine in Drinking Water

Most municipalities chlorinate their drinking 
water to kill infectious agents. Additional sources 
of chlorine include inorganic fertilizers, rural 
homes, animal feeding operations (AFOs) that 
have chlorinated water systems, and rural water 
supply systems. Chlorination of drinking water 
supplies presents a dilemma in environmental 
health practice. Chlorine is a very effective disin
fectant, but there are disinfection by‐products 
that may be harmful (i.e., trihalomethane com
pounds) and are formed as the chlorine combines 
with organic molecules in the water (73–75). 
Trihalomethanes are carcinogens in laboratory 
animals. Epidemiologic studies have revealed an 
association between the presence of these sub
stances in drinking water and increased bladder, 

colon, and rectal cancers, as well as reproductive 
problems in women (73–75). There is growing 
concern for a health hazard for rural (or urban) 
populations if their surface water source is down
stream from or in the vicinity of a community, 
rural housing, or agricultural operation that dis
charges chlorinated water.

The US EPA has set a limit of 80 ppb trih
alomethanes in drinking water (73). As there are 
few studies that have looked for these substances 
in rural water supplies, the extent of the poten
tial hazard is not known. Suffice it to say that 
with the current limited extent of knowledge of 
this subject, the benefits of chlorination far 
exceed the risks.

7.3.16  Water Pollutants from Rural 
Industrial Sources

Many urban and rural industries intermittently 
discharge (unintentionally and possibly inten
tionally) improperly treated waste products into 
streams or lakes or improperly dispose of waste 
chemicals in the ground, resulting in groundwa
ter contamination (75, 76). For example, packing 
plants and rendering plants that do not have ade
quate waste treatment facilities may contaminate 
surface water supplies with nitrates, infectious 
agents, and complex organic materials.

Methylmercury, another example of a rural 
industrial water pollutant, is found in many 
industrialized countries, including areas of the 
north central and northeastern United States and 
eastern Canada. Mercury was formerly used in 
paper pulp mills as a fungicide. It is also a con
taminant of coal‐fired power plants. Mercury is 
transformed by micro flora in the environment 
into the neurotoxin methylmercury, which accu
mulates in fish and other aquatic life, endanger
ing people who eat fish. The adverse health effects 
of methylmercury (77) are a global concern high
lighted by the classic case of chronic community 
poisoning which occurred among Japanese 
p eople who consumed seafood from the con
taminated waters of Minimata Bay. Northern 
Canadian first‐nation people in Quebec and 
Ontario are at risk because they acquire much of 
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Figure 7.4 Drainage wells are designed to remove excess surface waters to ground waters. 
This expedient method of water removal risks polluting ground water sources with agricultural chemicals, 
nitrates, and infectious agents among other surface substances so drainage wells are slowly being phased 
out in most countries. (Source: Medical Practice in Rural Communities, Chapter 3, Figure 3.2, page 45, book 
authors: Cornelia F. Mutel, Kelley J. Donham, Rural Health and Agricultural Medicine Training Program, 
Department of Preventive Medicine and Environmental Health, College of Medicine, The University of Iowa, 
Iowa City, Iowa 52242, U.S.A., © Springer‐Verlag New York Inc., 1983. Image reprinted with kind permission of 
Springer Science and Business Media.)

their food (protein) from fish in methylmercury‐
contaminated lakes. Mercury (like most heavy 
metals) is neurotoxic. The primary adverse effect 
is the abnormal neurological development of the 
unborn fetus and young children, which mani
fests itself in deficient cognitive, vision, and fine 
motor skills. Associations have also been reported 
of chronic methylmercury exposure with various 
cancers. Studies remain in progress to investigate 
the full extent of this problem (47).

7.3.17  Ground Water Pollution from 
Drainage Wells and Other 
Non‐agricultural Industries

Agricultural drainage wells were mentioned in the 
introduction to this chapter as one of the methods 
to get water off the land quickly to enhance crop 
production. Such new wells are illegal today, but 
those remaining (to be phased out in the future) 
carry surface contaminants directly to ground 
waters which may also have connection to the 

aquafers that serve as the source of drinking water 
for area residents (78, 79) (see Figure 7.4).

Other industries use drainage wells (also called 
injection wells) as a means of disposal of unwanted 
materials or to enhance production. Petroleum 
companies and many other chemical companies 
have used injection wells to dispose of a variety of 
wastes. Waste material is forced under pressure 
into a well deep into the ground, below the aqui
fers from which drinking water normally is drawn. 
However, if there is a mechanical failure or a 
 geophysical connection between the two levels, 
the injected material may contaminate a drinking 
water aquifer. Petroleum companies also frequently 
inject saltwater into oil wells to increase their yield 
of oil or to dispose of excess saltwater (often a by‐
product of oil wells) from active wells to nearby 
inactive wells. Most injection wells are in the Texas 
and Kansas oil fields and in the upper Midwestern 
industrial belt. Specific health hazards depend on 
the particular contaminants, but actual risks have 
not been defined (80).
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A variety of other industrial chemicals may be 
accidentally spilled or discharged into rural water 
supplies. Examples include a spill of carbon tetra
chloride that contaminated water for miles down
stream in the Ohio River, and a train wreck that 
spilled 13,000 liters of phenol, contaminating 
rural wells for miles around the accident scene 
(72). Not only are production agriculture opera
tions potential contaminate emitters (81, 82), but 
agricultural industries may also be sources of con
taminants. A veterinary pharmaceutical company 
in a small Midwest town had a landfill containing 
orthonitroanaline that leached into the adjacent 
river, jeopardizing water quality for several miles 
downstream. Underground leaking petrochemical 
tanks and pipelines have also  contaminated 
groundwater in rural areas (71, 80).

7.3.18  Water Pollutants from 
Inappropriate Land Management

Water contamination commonly results from 
inappropriate land use and from lack of pollution 
controls. Examples include rural subdivisions 
with too high a density of septic tanks or poorly 
functioning leach fields. Strip mines often result 
in excessive erosion and acid leakage into water 
sources. Water seeping through abandoned deep‐
shaft mines may pick up hazardous minerals or 
particulates, and working mines may deposit 
wastes directly into lakes or onto land where run
off can carry contaminants into surface waters. In 
Minnesota, taconite mining companies dumped 
their tailings in Lake Superior for many years, 
contaminating the lake with asbestos. Many rural 
as well as urban residents obtain their water from 
that lake (83).

Impending problems in areas west of the 
Mississippi River (particularly the Platte and 
Colorado River basins) include increased levels 
of  mineral salts in soil and groundwater, cross‐
aquifer contamination, and a decline in local 
water tables. All these problems have resulted 
from intensive irrigation of arid lands that have 
been brought into agricultural production (46, 
83). Excessive salinity of water has a laxative 
effect on people drinking this water because of its 

sodium and magnesium salts. Furthermore, some 
people who drink this water may have difficulty 
controlling hypertension and hypocalcaemia sec
ondary to pregnancy because of its sodium salts 
(46). Moreover, as the salinity (and therefore 
osmosity) of soils increases, additional irrigation 
water is required to make water available to the 
plants, creating an environmental conundrum.

7.3.19  Water Pollutants from Natural 
Sources

Several natural substances may contaminate rural 
well water supplies. Fluoride, for example, is a 
natural material found in many different ground 
waters. It has the positive benefit of prevention of 
dental caries. Safe but dental‐effective concentra
tions are in the range 0.5–1.2 mg/L, with optimal 
concentrations of 0.7 mg/L (97). Many munici
palities in developed countries add fluoride to 
drinking water to achieve optimal concentrations 
for the proven public health benefit. However, 
some aquifers naturally contain high concentra
tions of fluoride, which can result in adverse 
health conditions. Excess fluoride can cause a 
brown‐colored mottling of teeth in children at 
concentrations over 1.5 mg/L. At higher concen
trations (i.e., 10 mg/L), fluoride may result in 
abnormal bone formation (skeletal fluorosis) 
(84). Several countries have areas with excess flu
oride in their water, including Africa, China, 
Middle Eastern countries, India, Sri Lanka and 
the United States (85). Over 8 million people in 
44 states of the United States are exposed to high 
concentrations of fluoride in their drinking water, 
including certain areas of Arizona, Colorado, 
Illinois, Iowa, New Mexico, Ohio, Oklahoma, 
South Dakota, and Texas (46, 86).

Arsenic (Ar) is a heavy metal that has been used 
in insecticides, herbicides, and the treatment of 
intestinal parasite in animals (see Chapter  6). It 
occurs naturally in certain ground water aquifers 
around the world as a natural result of filtration of 
water through rock formations that contain high 
concentrations of this element. Chronic exposure 
to Ar in drinking water can increase the risk for 
skin, bladder, kidney, and lung cancers, diabetes, 
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anemia, various skin conditions, and developmen
tal, immunologic, circulatory, and neurological 
conditions (87–89). In many areas around the 
world Ar in the water is a health hazard. Globally, 
Ar is of concern in Argentina, Chile, Bangladesh, 
China, and India (88). In rural areas of Taiwan, Ar 
has been associated with a condition called black 
foot, which is a circulatory impairment to the soft 
tissues of the foot resulting in gangrene (90). Ar is a 
concern in some ground waters in parts of Mexico, 
Texas, the upper Midwest, and the New England 
States (91). The US EPA sets maximum con
centration limits (MCL) of Ar in water of 10 μm/L 
(10 ppb), the same as that recommended by the 
WHO. Mitigation options include: (1) finding and 
drilling into alternative aquifers with safe Ar con
centrations, (2) use of microbiological safe surface 
waters, and (3) use of captured rain water (90).

7.3.20 Health Effects of Hard Water
Many rural well waters contain excessive quanti
ties of calcium and magnesium salts (hard water). 
This “problem” actually may have a positive 
health effect. Some epidemiologic studies have 
suggested a protective association between water 
hardness and cardiovascular disease, stroke, stom
ach cancer, eclampsia, and bone density (16). 
However, other studies have linked hard water to 
certain adverse health conditions.

Many rural residents with hard water buy and 
install water softeners. It may be prudent to 
install a water‐softening system for hot water 
only. Most water softeners in use are ion‐exchange 
systems, which exchange magnesium and cal
cium with sodium, resulting in extra sodium in 
the water. People who must restrict sodium intake 
for control of cardiovascular disease may want to 
use a different softening system (e.g., reverse 
osmosis) (46, 86).

Radionuclides are often common natural 
components of drinking water. Associated health 
hazards with natural radionuclides are an 
increasing concern worldwide (92). The normal 
background radiation exposure for humans in 
the United States is about 100 millirems/year. 
A small portion of this radiation (estimated at 

0.24 millirems/year on average) comes from water 
that contains naturally occurring radionuclides 
(46). Many radionuclides may be present in 
water, including 222Rn, 226Ra, 228Ra, 40K, and 90Sr. 
The largest contributor of adverse health conse
quences is radon (222Rn) (93), which is a decay 
product of 238U. Radon is a gas that escapes from 
rocks and finds its way to ground waters and to 
surface waters. Radon is found at much higher 
concentrations in ground water. In surface waters, 
it diffuses rapidly to the air. Certain areas of the 
world have high concentration of radon in the 
water. Some epidemiologic studies suggest that 
populations in these areas have slightly higher 
rates of certain cancers. The US EPA estimates 
that radon in water causes 168 fatal cancers per 
year. Eleven per cent of these are stomach cancers 
and 89% are lung cancers from inhaled radon gas 
which escapes from the water (46, 93). The most 
prominent health risk is inhalation of radon gas 
that is concentrated in basements of homes or in 
underground mines, creating an occupational 
hazard. Radon gas is thought to be the second 
biggest (next to tobacco cigarette smoking) cause 
of lung cancer in the world, accounting for 
3–14% of all lung cancers (92). The EPA esti
mates 20,000 lung cancer deaths annually in the 
United States are caused by radon (93). For health 
reasons, radon concentration should be below 
11,000 Bq m3 (becquerels per cubic meter) or 
324 pCi/L (picocurries per liter) (92, 94). For 
those using a private well, mitigation may neces
sitate drilling a new well in a different aquifer.

Sulfates are often a natural component of 
many rural water wells, causing off‐odors and bad 
taste. At high concentrations (e.g., 600 mg/L), 
sulfates can cause diarrhea (95). It is estimated 
that 3% of US public water supplies have sulfate 
levels above 300 mg/L (96, 97). There is no regu
lated maximum concentration of sulfate in drink
ing water, but the US EPA has recommended a 
maximum level of 250 mg/L based on aesthetic 
odor and taste quality (96). Sulfates are removed 
from water by reverse osmosis systems, but not 
ion‐exchange systems. In the latter, sodium sul
fate is the product that can come through in the 
water‐softening process, which may have some 
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cathartic effect, but no other known adverse 
health effect (96).

Individuals can develop a tolerance to sulfate 
over time, enabling them to drink water at higher 
concentrations without the cathartic effect. 
Individuals who are dehydrated and the elderly 
may be more susceptible to high sulfates, espe
cially when working in hot environments (95, 
98). A secondary potential health hazard of high 
sulfates is that if water for livestock contains high 
concentrations of sulfates (e.g., above 250 mg/L) 
there is a higher risk of acute toxic concentrations 
of hydrogen sulfide in liquid manure stored in 
anaerobic storage systems (99) (see Chapter 3).

In summary, rural water pollution and rural 
drinking water quality is a major general environ
mental concern in rural and agricultural settings. 
Nitrate contamination followed by phosphorus 
contamination top the list of pollutants of con
cern. However, there are many other human 
(urban and agricultural) and natural sources of 
water contamination that may pose health risks 
to rural residents. Table 7.1 summarizes the vari
ous sources of water contamination, whether 
ground or surface waters are affected, the health 
hazards, and control and prevention.

7.4  Prevention of the Adverse Health 
Effects of Water Pollution

The following steps are first‐order practices to 
help prevent adverse health effects from contami
nated drinking water.

1. Regularly test drinking water supplies, prefer
ably annually in spring (or rainy season). As a 
minimum test for nitrates and coliform bacte
ria. Test also for natural substances (e.g., fluo
ride, arsenic, etc.) if residing in an area where 
these are possibly present. Testing can be done 
through most local health departments.

2. Inspect the well (or have a professional sani
tarian or well driller make the inspection) for 
damage to the well cap or casing and for haz
ardous location of potential pollution sources 
in the area of the well head.

3. Fill in and cap non‐functioning wells as they 
present a hazard for ground water contamina
tion. The local health department or a profes
sional well driller can help with this.

4. Ensure there are operating check valves in out
door hydrants to prevent back‐siphoning of 
contaminates into the well.

For primary prevention of water contamina
tion there is adequate scientific and technical 
information available to control water pollution 
from agriculture and urban sources. However, 
developing effective policy, regulations, and 
enforcement that will curb pollution without 
creating an economic liability is difficult. 
Difficulties include the large number and geo
graphic dispersion of agricultural operations, 
and striking a balanced political–economic 
approach to regulations. However, voluntary 
changes in production practices can have impor
tant environmental benefits. Minimal or no till
age practices in row crop production leaves 
plant material on top of the ground, dramati
cally decreasing soil erosion and thus water pol
lution. Cover crops planted following harvest 
are effective for incorporating nutrients remain
ing in the soil and preventing runoff. Time‐
released nitrogen fertilizer products are available 
to maximize plant incorporation. Special diets 
and new corn varieties have been developed for 
animals, leading to less P in the manure. The US 
Department of Agriculture (USDA) sponsors 
programs to build or preserve wetlands (100) 
and riparian buffers and vegetation filter strips 
that decrease runoff into streams. One researcher 
advocates the use of polyacrylamide addition to 
soils, which acts to stabilize soils so that they 
hold on to fertilizers, preventing runoff (101). 
Wood chip bio‐filters installed into field tile 
drainage systems show potential for removing 
nitrates in water prior to discharge into receiv
ing streams (102). A policy in the United States 
to help manage water pollution from agriculture 
in many states is a special tax on pesticides and 
fertilizers. The policy has shown some benefit in 
pollution control (103). Precision agriculture 
technologies use global positioning systems to 
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manage the amount of fertilizer and pesticides 
applied to cropland according to specific local
ized needs. These systems have the potential to 
reduce excess farm chemical application that 
may end up as water contamination. However, 
evaluation of the effectiveness of these processes 
is challenging (104–106). Multiple interven
tions focusing on watershed regions seem to be 
effective (107). An important problem for the 
institution of voluntary controls is that in the 
Corn Belt region of the United States over 50% 
of the land farmed is rented or leased. Most 
renters are interested in least cost production, 
and long‐term land conservation practices are 
not to their short‐term economic advantage. 
Advanced policy development to manage this 
concern is needed.

7.5  Air Quality in Rural Agricultural 
Environments

7.5.1 Introduction
Human health hazards from rural and agricul
tural air pollution are of minor concern com
pared to water pollution. Numerous sources of 
air pollutants originate in the rural environ
ment, but pollutants may also be blown in 
from urban areas. There are acute exposures 
that can be traced directly to air pollution 
(such as eye burns from direct exposure to 
anhydrous ammonia or poisonings from pesti
cide drift) but are rarely reported. Most health 
problems are more chronic and less severe. 
Exposures may complicate existing conditions 
in an additive or synergistic manner. For exam
ple, in rural areas, as in urban, any one of the 
low‐level pollutants (such as ozone, nitrogen 
oxides, or particulates) may have inconsequen
tial health effects, but each may precipitate 
severe health problems in people who have 
concurrent respiratory or cardiovascular condi
tions, who smoke, or who are exposed to other 
industrial or agricultural air pollutants. Table 7.2 
summarizes the major air pollutants in rural 
and agricultural settings.

7.5.2   Air Pollution from Livestock 
and Crop Operations

The most common air pollution problems 
include odors from livestock operations, dust 
from tilled fields, particulates from burning crop 
residues, pesticides from aerial application, and 
anhydrous ammonia leakage from storage con
tainers (1). Gasses, particulates, and bioaerosols 
may be emitted from livestock operations and 
fertilizers applied to cropland. Local concerns as 
well as the regional and global consequences of 
these emissions are discussed in this section.

7.5.3  Fate of Emissions and 
Atmospheric Effects

Residents in rural areas near livestock farms may 
have health concerns relative to odors, hydrogen 
sulfide, and ammonia (108). Environmentalists 
and climate scientists have regional and global 
concerns relative to ammonia, methane, and car
bon dioxide that may be emitted from these oper
ations (109, 110). Western Europe, particularly 
the Netherlands, has taken the lead in researching 
the global impact from ammonia, methane, and 
carbon dioxide emitted from livestock opera
tions. About 50% of the total emitted ammonia 
comes from land application of manure, and 
about 40% from stored liquid manure (e.g., 
lagoons). Once in the atmosphere, ammonia 
gases can be transported downwind and then 
deposited into surface waters and on soils as 
ammonia or as other oxidized nitrogen com
pounds. Luebs and co‐workers found that 8.5 kg/
ha/week of ammonia was deposited within 1 km, 
and ¼ kg/ha/week 8 km downwind of a large 
concentrated dairy facility (111).

In addition to the nitrogen from water pollu
tion, deposition of excess ammonia nitrogen from 
the air causes increased risk for eutrophication of 
ponds, lakes, and streams in the region. It can also 
bring excess nutrients to natural areas, causing 
overgrowth by undesirable plant species and 
nitrate leaching through soil (112). Ammonia in 
the atmosphere may also react with acids already 
in the air, such as hydrochloric, sulfuric, and 
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nitrous acids. This results in ammonium aerosols, 
which are then transported downwind and can 
return to earth with precipitation. Apsimon and 
Kruse‐Plass (20) have reported that ammonium 
nitrates are more strongly acidifying to soils and 
water than strong acids. As in nitrate water pollu
tion, denitrification and nitrification of ammonia 
produces nitrous oxide (N2O), which contributes 
to greenhouse gases and ozone depletion (13, 23). 
Approximately 1–2% of total N loss from land‐
applied manure is lost as N2O (113). Denitri
fication also produces nitric oxide (NO), which 
can contribute to acid rain (14, 114, 115).

Methane is a greenhouse gas that contributes 
to global warming (116). Methane is 20 times 
stronger on a molecular basis as a greenhouse gas 
than carbon dioxide (13). It is 58 times stronger 
on a mass basis because of its relatively greater 
ability to absorb long wavelengths of light energy 
(117). Total world yearly methane emissions are 
354 million metric tons. The United States emits 
27 million metric tons and livestock (wastes and 
ruminant eructation) accounts for 9% of this 
total (116). Intensive confinement systems with 
anaerobic storage of manure along with large sur
face area lagoons increase the amount of methane 
emissions. Globally, agriculture is the primary 
source of methane emission (109, 118).

7.5.4  Particulate Air Contaminants in 
Rural Areas

Fugitive dust from tilled fields and emitted parti
cles from burning of crop residues or forest land 
are two of the major sources of airborne particu
late hazards in agricultural communities (44). For 
example, fugitive dust in the San Joaquin Valley 
of California often results in violations of air par
ticulate standards of 50 μg per cubic meter (state 
standards can be more strict that federal stand
ards) and the EPA ambient air quality standards 
of 150 μg particulates per cubic meter (119). The 
specific health hazards of these two pollutants are 
not certain, but when added to other respiratory 
insults they may cause overt symptoms in predis
posed individuals (e.g., asthmatics). Agricultural 
tillage (especially mold board plowing, which 

removes surface plant material) methods expose 
soils to drying winds which can pull hundreds 
of tons of topsoil into the atmosphere. These 
particulates may have regional as well as global 
affects. Minimum and no‐tillage practices and 
windbreaks decrease wind erosion.

Residues of crops and forest land are burned as 
a regular agricultural practice in some areas of the 
world, creating air contamination with suspended 
particles. In Georgia, for example, nearly 600,000 
acres of agricultural land and over 500,000 acres 
of forest land are burned off annually (120), pro
ducing more than 26,000 metric tons of sus
pended particulates. Some farming practices in 
several countries in South America (e.g., Brazil, 
Argentina, Parguay) have resulted in the burning 
of large areas of indigenous forests to allow expan
sion of crop production. Indonesia has surpassed 
Brazil in deforestation for the purposes of paper 
pulp production, palm oil plantations, mining, 
and wood for construction. During 2000‐2012, 
47,000 ha per year, totaling 6 million ha, were 
deforested in Indonesia (121). Other regions of 
East Asia are burning forests to plant rubber trees 
to supply the demand for tires for globalized 
automobile sales. This practice produces very sig
nificant particulate pollution in a wide area 
around these regions.

Other fine air particulates (particulate matter 
2.5 microns and below (PM 2.5)) may form from 
ammonia reacting with oxides of nitrogen and 
sulfur, which can be deposited in deep portions 
of the lungs, increasing morbidity and mortality, 
especially when combined with smoking ciga
rettes and co‐morbidities (19, 122).

7.5.5 Odors
Odors may be a concern in many different agri
cultural enterprises. Most concern in recent years 
has been in community members who live in the 
vicinity of large concentrated animal feeding 
operations. Odors and odorants are primarily a 
nuisance concern, but also may cause unpleasant 
somatic physiologic responses (122–125). Odors 
and their health consequences are discussed in 
detail later in this chapter.
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7.5.6 Microbes
Microbes may be emitted into the local air envi
ronment from a variety of crop and livestock 
operations. Air downwind from open feed lots or 
confined animal feeding facilitates contains 
higher particulate and microbial content than air 
in comparison to background concentration 
(126–129). Furthermore, antibiotic‐resistant 
organisms, including methicillin resistant Staphylo
coccus aureus (MRSA), have been isolated both 
inside and downwind from swine facilities (126, 
128). Areas downwind from fields that are irri
gated (especially with spray booms) with effluent 
from animal manure storage or anaerobic treat
ment lagoons have microbe concentrations that 
are 103 to 105 times higher in comparison to rural 
areas lacking these structures (127). Air sampling 
indicates that the vast majority of these organisms 
in the air are not viable. It is difficult to find cases 
where an illness from an infection has been 
acquired from aerosolized organisms in the vicinity 
of agricultural operations. This evidence suggests 
infection from aerosolized agricultural dusts is a 
relatively low risk compared to health risks from 
the inflammatory substances endotoxin and glucans, 
which are components of the dust along with 
microbes (129).

7.5.7 Endotoxin and Glucans
Many microbes contain toxins (e.g., endotoxin, 
glucans) which are potent inflammatory sub
stances (these toxins and sources are described 
in Chapter  3). These substances may cause 
asthma‐like symptoms, bronchitis, mucus mem
brane irritation, and organic dust toxic syn
drome (a systemic influenza‐like illness, see 
Chapter 3) (128). Thu and Donham (108) have 
shown that residents in the vicinity of CAFOs 
experience respiratory symptoms similar to 
workers inside these facilities (see Chapter  3). 
However, there is some evidence that exposure 
to endotoxin is ubiquitous in agriculture, and 
particularly exposure early in life may protect 
from atopic asthma later in life (see Chapters 2 
and 3) (129, 130).

7.5.8 Antibiotics
Antibiotics are present in aerosolized dust inside 
and outside in the exhaust air of livestock build
ings (131–133). Streptomycin and other antibi
otics are sprayed on apple and pear trees to 
prevent the bacterial organism Erwinia amylo
vora, which causes fire bilght (133). Obviously, 
there is ample opportunity for antibiotics to con
taminate the air in the vicinity of certain livestock 
and orchard operations. However, this situation 
has had little study to determine the extent of 
human exposure and health risks (see Chapter 12).

7.5.9  Air Pollution from Agricultural 
Chemicals

During adverse weather conditions or when spray
ing residential neighborhoods, herbicides and 
insecticides may contaminate the air. Pesticides 
attach to soil particulates or volatilize into the 
atmosphere, where they are transported regionally 
and globally. Pesticides may be found in many 
places around the world in air and rain, even in 
remote areas (134). Around 1‐50% of applied pes
ticides may enter the atmosphere (135). Air pollu
tion from agricultural pesticides presents nominal 
acute health hazards, but certain occupational haz
ards may exist for the applicators and agricultural 
workers who mix and load chemicals and maintain 
application equipment (see Chapter 6) (136).

Agricultural service and supply businesses com
monly store large quantities of anhydrous ammo
nia fertilizer. Occasionally, large clouds of this 
irritant chemical escape when a tank or valve leaks 
(Figure  7.5). Area residents and workers may 
receive severe burns when the chemical contacts 
their eyes and skin. If they inhale ammonia, they 
may die of acute chemical pneumonitis and pul
monary edema (see Chapter 3). Rural physicians 
and emergency medical personnel should be aware 
of the first‐aid treatment for anhydrous ammonia 
exposure: flushing affected areas with copious 
amounts of water and administering oxygen if nec
essary (137, 138). In the case of large ammonia 
leaks, the cloud may be washed from the air by 
spraying it with water from a fire control hose.
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Figure 7.5 Anhydrous ammonia is an important fertilizer in many areas of the world. Excess nitrogen 
can run off with soil erosion, escape into the air, and be a source of chemical damage to the eyes and respira-
tory tract of applicators. (Note that this farmer is operating a tractor without a rollover protective structure. 
Injury from a possible overturn of this tractor is a much greater immediate risk to life than the anhydrous 
ammonia he is applying.) (Source: Medical Practice in Rural Communities, Chapter 3, Figure 3.4, page 46, 
book authors: Cornelia F. Mutel, Kelley J. Donham, Rural Health and Agricultural Medicine Training Program, 
Department of Preventive Medicine and Environmental Health, College of Medicine, The University of Iowa, 
Iowa City, Iowa 52242, U.S.A., © Springer‐Verlag New York Inc., 1983. Image reprinted with kind permission of 
Springer Science and Business Media.)

7.5.10 Rural Industry
Expansion of rural manufacturing, mining, and/
or processing has increased industrial contribu
tions to rural air pollution as well as water pollu
tion. Moreover, the increasing demands for 
energy have resulted in construction of new coal‐
fired power plants in rural areas, where they are 
less costly to build and where air pollution con
trol standards are more easily met. As a result, air 
pollution from particulates, carbon dioxide, 
nitrogen oxides, sulfur oxides, hydrocarbons, and 
mercury are increasing (1). Like other rural pol
lutants, these substances have not been demon
strated to be the direct cause of any particular 
health problems but are assumed to have an addi
tive effect with other pollutants.

Fossil fuels have been the main source of 
energy for the world since the industrial revolu
tion. However, since the late 1990s, easily extract
able fossil fuels have become scarce. The process 
of hydraulic fracturing of shale (fracking), which 
began in 1949, has increased in many rural areas 
of the world since 2000, creating a new boom in 
energy extraction in rural areas. However, it has 
also brought environmental concerns. Fracking 
involves injection of water and various proprie
tary chemicals at high pressure into oil and gas 
wells to fracture rock formations, followed by 
injection of sand to keep fractures porous, allow
ing trapped gas and oil to be harvested. Although 
fracking has increased the availability of fossil 
fuels for energy usage, it has presented new 
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 environmental hazards to both water and air 
quality, and increased seismic activity in many 
rural areas (139). Hazards include ground water 
contamination from the injection of the variety 
of chemicals associated with fracking water and 
disposal of waste water in drainage wells. Surface 
water contamination is also a hazard with flow 
back of the injection fluids and waste water to the 
surface. The process uses extensive amounts of 
water, creating potential water shortages in some 
areas. Risks to air quality include emission of 
various volatile organic compounds, methane, 
nitrogen oxides, and carbon dioxide (from flared 
excess methane). Particulate air contamination is 
a potential hazard as fractured silica may be aero
solized from sand extraction processes, and truck 
and train traffic transporting fracking sand to the 
injection sites.

In addition to fracking operations, dust from 
surface mining processes and from roads heavily 
traveled by trucks transporting coal and ore and 
general traffic on rural gravel roads is a concern in 
some rural areas (1). However, the direct acute 
environmental health problems of dust from sand 
extraction and mining are difficult to document.

Reported health symptoms of residents in 
fracking locales have been anecdotal and not sub
stantiated with cause‐effect data. Symptoms have 
included headaches, nosebleeds, disorientation, 
fainting, fear of cancer, and psychosocial stress 
from the unknown (140). Hazards of increased 
seismic activity (earthquakes) have been reported, 
but appear of minor risk relative to ground water 
contamination.

Some countries have banned fracking. Others 
(e.g., the EU and North American countries) are 
in the process of assessing hazards and consider
ing regulations.

Wind turbine farms, although they do not cre
ate air pollutants, are discussed briefly here as 
they are increasingly present in the rural land
scape and there have been some suggestions of 
minor health hazards. Wind turbines have greatly 
increased in number since 2000. Although this 
energy source is thought to be “green," the 
increasing health complaints of citizens living in 
rural areas with wind farms suggest this relatively 

new source of energy is not without some con
cerns. Reported symptoms include stress, sleep 
disturbance, headache, anxiety, depression, and 
cognitive dysfunction. Suspect exposures associ
ated with these symptoms include noise (audible 
and infrasound), ground current, and shadow 
flicker (141). Other environmentalists are con
cerned that wind farms result in the death of 
many birds because they fly into the spinning 
blades of the turbines.

Since the 1980s concern has been expressed by 
environmental scientists about the potential 
effects of high‐voltage electrical fields that sur
round high‐power transmission lines. Currently 
in the United States, between a quarter and half a 
million miles of high‐voltage lines (765 kV or 
greater) cross the rural countryside between wind 
farms, new generating plants and urban centers 
(142). Environmental scientists have found eco
logic relationships between high‐voltage electrical 
fields and increased rates of infant mortality, fetal 
malformation, and abnormal behavior in test ani
mals (142). This information is not strong or 
consistent therefore the implications for human 
health are uncertain.

7.5.11 Control
Gaseous nitrogen and methane emissions are per
haps the two most important substances to con
trol because of their regional and global effects. 
Control of air pollution from nitrogenous prod
ucts in agricultural operations involves enforcing 
regulations and providing incentives for produc
ers not to apply more nitrogen to the soil than the 
crops can utilize in a season (do not over burden 
the natural nitrogen cycle). This requires a com
bination of best management practices (i.e., soil 
testing and calculation of plant needs) and appli
cation of the appropriate amounts to the appro
priate soils (precision farming) (115). Regulations, 
monitoring, and enforcement are also needed to 
assure best management practices. Furthermore, 
soil preparation and nitrogen application meth
ods must be conducted in a manner that prevents 
escape of nitrogen into surface water or nitrogen 
products escaping into the air. These methods 
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Figure 7.6 Empty agricultural chemical containers should be rinsed three times and returned to the 
retailer or otherwise disposed of in an approved manner. These empty containers could be a source of poisoning 
if residual contents leaked out or if they were used for another purpose, exposing humans or animals. (Source: 
Medical Practice in Rural Communities, Chapter 3, Figure 3.6, page 56, book authors: Cornelia F. Mutel, Kelley J. 
Donham, Rural Health and Agricultural Medicine Training Program, Department of Preventive Medicine and 
Environmental Health, College of Medicine, The University of Iowa, Iowa City, Iowa 52242, U.S.A., © Springer‐
Verlag New York Inc., 1983. Image reprinted with kind permission of Springer Science and Business Media.)

include incorporating manure into the soil and 
covering manure storage structures to prevent 
off‐gassing into the air. Methane capture from 
anaerobic digestion of manure and utilizing this 
as an energy source has important potential for 
control of this greenhouse gas. However, the costs 
and management challenges of this practice have 
prevented wide‐scale application.

A summary of rural air pollutants, sources, 
health effects, and prevention is given in Table 7.2.

7.6  Solid Waste Concerns in Rural 
Agricultural Areas

The primary problem of solid wastes in rural 
areas is their contribution to the contamination 
of groundwater. Secondary problems include 
contamination of surface water, attraction of 
filth‐laden insects and rodents, pollution of air 
by odors, and pollution by particulates from 

open burning (71, 143). Socioeconomic and 
demographic trends have increased the prob
lems of rural solid wastes during the past three 
decades. The more humans intensely use the 
land, the greater the quantity of solid waste. 
The rural industries of agriculture, mining, and 
manufacturing all produce solid wastes. In addi
tion, solid wastes are contributed from people 
living in rural residential areas as they encroach 
on the rural landscape. Hazardous wastes are 
also transported from urban areas to rural 
 landfills (144).

Safe disposal of chemical containers poses a 
solid waste problem. They may be used unsafely 
for unintended purposes (such as water contain
ers) or thrown into an open ditch in an outlying 
area of the farm (see Figures 7.6 and 7.7). Direct 
contact with or consumption of residual chemi
cals may cause human or animal illness directly, 
or these chemicals may contaminate surface 
or  ground water. The empty containers should 
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then  be returned to the seller. Empty pesticide 
containers should be rinsed three times and the 
rinse water should be applied to the soil or crop as 
specified for the intended use of the specific 
chemical.

Sanitary disposal of dead animals is a con
cern. Whereas rendering plants, which used 
to be common in rural areas, would arrange col
lection of dead animals from farms, this service 
is now rare and costly. Also, when fire, weather, 
or another disaster results in a large number of 
animal deaths, it is difficult to manage such a 
large disposal of carcasses. For example, in the 
summer of 2015 over 60 million chickens and 
turkeys were killed and disposed of as a result 
of  an outbreak of a high‐pathology strain of 
avian influenza in Iowa and Nebraska. The 
 disposal process burdened the local and regional 
landfills.

Rural manufacturing, mining, and energy pro
duction facilities increase the need for special 
facilities to store potentially hazardous wastes. 
Urban manufacturing and energy production also 
create solid waste problems in rural areas. Less 
populated rural areas are chosen as disposal sites 
for hazardous chemical and radioactive wastes. 
Often, local officials and area residents may not be 
aware of the potential hazards, allowing the con
struction of improperly located or constructed 
hazardous waste disposal facilitates (71). One sur
vey found 34 of 50 industrial waste sites caused 
local groundwater contamination (144). As more 
people have moved to rural areas, and as farm 
dwellers have become less self‐ sufficient, use of 
consumer items and resulting packaging wastes 
have increased.

Generalizing about the types of human health 
problems caused by solid waste pollution is difficult 

Figure 7.7 Empty agricultural chemical containers disposed of improperly could lead to water or soil 
pollution. (Source: Medical Practice in Rural Communities, Chapter  3, Figure  3.8, page 58, book authors: 
Cornelia F. Mutel, Kelley J. Donham, Rural Health and Agricultural Medicine Training Program, Department of 
Preventive Medicine and Environmental Health, College of Medicine, The University of Iowa, Iowa City, Iowa 
52242, U.S.A., © Springer‐Verlag New York Inc., 1983. Image reprinted with kind permission of Springer 
Science and Business Media.)
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because these problems depend on specific circum
stances and the type and quantity of substances to 
which humans are exposed.

Most rural areas need more and better waste 
storage, collection, and disposal systems. Some 
rural solid waste systems have been developed, 
such as regional collection boxes or weekly col
lection at mail boxes. These systems help to 
deter rural residents from maintaining open 
dumps on their own acreages. New mechanisms 
are needed to ensure proper disposal of pesticide 
containers. The use of returnable containers and 
large bulk containers are two promising prac
tices (144). Zoning laws could ensure adequate 
sewage treatment capacity in rural areas. New 
techniques could provide safe methods for 
 recycling animal wastes and regulations could 
govern the proper disposal of industrial radioac
tive wastes.

7.7 Animal Feeding Operations

7.7.1 Introduction
The proliferation of animal feeding operations 
(AFOs) has increased the intensity, concentra
tion, specialization, and consolidation of live
stock operations in agriculture in industrialized 
countries over the past four decades. The US EPA 
defines an AFO as a facility that confines live
stock or poultry for at least 45 days in a 12‐month 
period, and in a closed structure or open lot 
where vegetation or crops will not grow. CAFOs 
are AFOs that are larger than specified sizes and 
are a potential point source for water pollution. 
CAFOs therefore require regulation (145). In 
regard to water, air, and solid waste pollution, 
CAFOs have many of the same concerns as 
described above for other agricultural operations. 
However, CAFOs raise special concerns because 
of the high concentration of animals on a small 
land area and the associated increased levels of 
feed, manure (usually handled in liquid form), 
dead animals, flies, emitted gases, particulates, 
odors, odorants, and infectious diseases. Environ
mentalists express concern that the large volume 

of manure in CAFOs may not be able to be 
r ecycled without pollution, that local and regional 
air and water quality suffers, that community 
health hazards are created, and that depressed 
quality of life and lower property values are 
experienced by those living in the vicinity of 
CAFOs. These concerns have been raised from 
the early 1980s and continue today (146). 
Numerous regional, national, and international 
conferences have been held, and reviews and 
reports published on the subject since 1994 (110, 
147–151).

This section concentrates on the current state 
of science‐based information on the occupational 
and community health consequences of large‐
scale livestock operations. Physical health as well 
as the social and economic concerns of individu
als and communities are considered. A broad 
definition of health is used here as defined by the 
WHO, which states that health is “a state of com
plete physical, mental, and social well‐being and 
not merely the absence of disease or infirmity” 
(86). One reason why large‐scale livestock pro
duction has raised concern is that it has diverged 
from family farming and developed like other 
industries in management, structure, and con
centration. The magnitude of the problem is 
highlighted by the following facts relative to the 
United States:

•	 Nationwide, there is 130 times more animal 
waste produced annually than human waste.

•	 Animal waste is generally not treated before it 
is returned to the environment (152).

In the following pages the scientific literature 
is reviewed relative to the environmental impacts 
of air and water emissions on community.

7.7.2  Air Quality Concerns from 
CAFOs

Merkel et al. (153) published the first assessment 
of emitted gases from stored livestock liquid 
manure, listing nearly 200 emitted compounds 
(173). Most of these substances are emitted at 
very low concentrations (e.g., 1 ppb) and the 
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health risks at these concentrations are not 
known. However, ammonia and hydrogen 
sulfide are emitted at higher concentrations and 
are the most important emittants of concern as 
direct human health hazards. Methane and car
bon dioxide are also emitted at relatively high 
concentrations. Although methane may present 
a fire and explosive hazard inside livestock build
ings, along with carbon dioxide it is mainly 
important as a greenhouse gas and is relatively 
unimportant as an inhaled toxic human health 
hazard.

The primary source of gaseous compounds is 
the microbial degradation of the manure. 
Ammonia is released from manure and urine 
from either an aerobic or anaerobic process. 
Other fixed compounds and trace compounds 
come primarily from the anaerobic decomposi
tion of manure in liquid storage systems. The 
emitted compounds can be grouped into the fol
lowing classes of chemicals: mercaptans, sulfides, 
disulfides, amines, organic acids, phenols, alco
hols, ketones, indole, skatole, carbonyls, esters, 
and nitrogen heterocycles (154, 155).

In addition to gases, particulate substances are 
emitted from livestock feeding operations. A 
large quantity of organic dust is generated from 
feed sources and the animals (pigs, poultry, or 
cattle) themselves, which produce dust contain
ing hair, dander, feathers, and dried feces (156, 
157). This dust contains many bioactive sub
stances, including endotoxin and glucans 
(inflammatory substances) (127, 156). It also has 
a bioaerosol component. Many Gram‐negative 
and Gram‐positive bacteria, fungi, and molds 
have been identified as components of this dust 
(156, 158, 159). These organisms contribute to 
the organisms emitted to the air from the build
ing (159). The vast majority of organisms identi
fied in the air are saprophytic and very few 
pathogens are identified. They are combined 
with dust that becomes a part of the total aero
solized particulates. About 50% of the particu
late mass is less than 10 μm, but a much smaller 
fraction is less than 5 μm. Hence, the dusts 
mainly impact the airways, not the lung paren
chyma per se.

7.7.3 Odors and Odorants
Most of the public concern about CAFOs has 
been about odor. An odor is an unpleasant sensa
tion in the presence of an odorous substance 
(odorant). The odorant may or may not have 
additional harmful toxic physical effects. Ritter 
(160) identified the classes of compounds from 
animal manure. The primary odorant classes of 
chemicals are mercaptans and sulfides. The fixed 
gases ammonia and hydrogen sulfide are the 
odorants produced in the highest concentrations. 
Riskowski et al. (161) described an odor phe
nomenon associated with livestock (mixed gas) 
environments where ammonia and hydrogen 
sulfide odors are detectable at much lower odor 
threshold concentration levels than previously 
published. It is likely that in this mixed environ
ment other less concentrated chemicals and parti
cles interact to enhance the detection of these 
odorants.

Researchers have looked at the fixed gases 
(e.g., ammonia and hydrogen sulfide) as potential 
surrogates for emissions and odors. However, the 
results of several researchers have shown that 
there is a poor correlation between ammonia and 
hydrogen sulfide and odor strength (162, 163).

The particulate emissions interact synergisti
cally with gases to cause important occupational 
health hazards (see Chapter 3). Although a good 
deal is known about the health effects of dust and 
gases on workers inside buildings, little is known 
about the health effects on those living in the 
neighborhood of CAFOs. Goodrich et al. (164) 
have shown (relative to background) a high level of 
viable organisms downwind of manure sprinklers, 
as well as inside beef and turkey facilities. Pickrell 
(165) has shown swine barn environments to have 
significantly higher particle and microbe concen
trations compared to other livestock environ
ments. He has also shown that the concentrations 
inside CAFOs are 103–106 times higher compared 
to outside (159). Very little is known about the 
hazardous concentrations of odorants in outdoor 
air around CAFOs. We do know there are serious 
worker health problems caused by hydrogen 
sulfide (H2S) and ammonia (NH3) inside CAFOs, 
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but it is difficult to infer health risks outside these 
buildings based on worker health studies. Available 
data (166, 167) suggest ammonia and hydrogen 
sulfide are on the order of 103 times higher inside 
buildings compared to outside.

Odors from livestock facilities can be consid
ered a nuisance, which is often how courts treat 
them. However, growing evidence suggests that 
odors may cause physical illness. Symptoms 
reported by people living in the vicinity of swine 
CAFOs and associated odors include nausea, 
vomiting, headache, shallow breathing, coughing, 
sleep disorders, upset stomach, appetite depres
sion, irritated eyes, nose and throat, and mood 
disturbances including agitation, annoyance, 
and depression (122, 123, 168). Ackerman (169) 
reported that odors can result in strong emotional 
and physical symptoms, particularly after repeated 
exposures. Schiffman et al. (125) studied the pro
file of mood states (POMS) of 44 people living 
near large animal facilities. Compared to controls 
she found that people living near the facilities 
were more angry, confused, tense, depressed, and 
fatigued. In order to determine acceptable odor 
levels relative to distance from the source, Walsh 
and others (170) surveyed people living in a 5‐km 
area surrounding a large cattle feed lot. An odor 
panel found acceptable odor levels at the 5‐km 
radius (170). The results of more recent research 
suggest that physical health problems may also be 
caused by long‐term inflammation, secondary to 
inhaled dust and gases (165, 170).

7.7.4 Physical Health
The occupational health of workers in CAFOs 
is well documented, as described in Chapter  3. 
However, the occupational exposures have little 
relationship to the health concerns of those living 
in the vicinity of these structures, as the exposure 
concentrations are several orders of magnitude 
lower in the community compared to inside the 
facilities. However, when considering the health 
hazards of residents living in the vicinity of CAFOs, 
one has to look beyond direct toxic explanations, 
especially when considering air emissions. The 
issue of residential exposure to CAFOs is similar to 

other environmental cases (e.g., Three Mile Island, 
Love Canal etc.) where residents’ health com
plaints cannot be explained by measured concen
trations of hazardous substances and standard 
toxicological mechanisms (171, 172, 173). For 
example, Reynolds reported H2S levels in the vicin
ity of CAFOs at well under the threshold limit 
value (TLV) for occupational health set at 10 ppm 
(81). Levels of ammonia in the vicinity of swine 
CAFOs were generally less than 1 ppm, but these 
residents reported a high prevalence of respiratory 
symptoms compared to controls.

Possible reasons for this observation include 
the fact that residents live in the area for more 
than 8 hours per day. Also, there may be vulner
able populations who react at much lower levels 
than occupational limits. For example, several 
states have limits for hydrogen sulfide at 20–50 ppb, 
three orders of magnitudes below the occupa
tional exposure limit and most federal agency 
limits for environmental exposure.

Results from studies of the physical health 
concerns of residents near CAFOS have been 
reported (108, 123, 125, 174). Additional studies 
have reported objective data suggesting that high 
blood pressure and low pulmonary functions are 
associated with living in the vicinity of a CAFO 
(123, 124, 175).

7.7.5 Behavioral and Social Health
Wilson (2002) has reported on a concern for 
social justice, in that CAFOs have been built in 
many areas of low socio‐economic status popula
tions, where the community members do not 
have the social or economic capital to question 
their construction. Schiffman et al. (125) reported 
excessive mood alterations in CAFO neighbors. 
Similar studies have investigated in other envi
ronmental settings, including community con
cerns around paper pulp mills, hazardous waste 
sites, refineries, and solid waste disposal sites 
(125). Although most of these studies have not 
documented objective findings of toxic physical 
insult to humans, a few studies have reported 
subtle findings such as increased concentrations 
of urinary catecholamine. Additionally, most of 
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these studies have not shown evidence of known 
toxic levels of substances in the environment.

7.7.6 Extra‐toxic Mechanisms
In addition to the literature regarding direct toxic 
effects, there is also literature on extra‐toxic 
effects of low‐level emissions (176). This litera
ture has focused on explaining the symptoms of 
community members who may be exposed to 
waste sites, sewage treatment plants, and other 
large population‐based community exposures, 
where assessment of toxic substances cannot show 
a cause‐effect. Medical research and regulatory 
agencies have difficulty dealing with situations 
that lack the objective findings of an adverse 
health effect, measured toxic substances at known 
toxic concentrations, or an obvious dose‐response 
relationship. These community exposures are 
more complex as they mix the physical, mental, 
emotional, economic, and social environments. 
“Genetic memory” and other very basic limbic‐
level self‐preservation mechanisms may be involved. 
The following sections will review some of the 
literature that helps to explain the reality of 
adverse health symptoms in community environ
mental concerns where there is an absence of 
objective toxicological data.

7.7.7  The Somatasization of Adverse 
Odors

There are two cranial nerves involved in innervat
ing the nasal mucosa: the first cranial nerve (olfac
tory nerve) and the fifth cranial nerve (trigeminus) 
(176). The olfactory nerve is primarily responsible 
for odor detection. The trigeminus nerve has 
many branches, some that carry sensory infor
mation from the nasal, oral and sinus mucosa. 
This provides additional information to the brain 
on odor sensation, such as irritation or pungency, 
which triggers protective responses, including 
decreased respiratory rate, rhinitis, tearing, cough, 
gag reflex, and bronchoconstriction. These are all 
warning indicators that something associated with 
the odor may be harmful and our genetic‐based 
“instinctive protective” mechanisms are telling us 

to make physiologic changes to meet the impend
ing insult or to get out of the area (176, 177). It 
therefore makes sense that odors can result in 
symptoms of mucosal irritation, nausea, mood 
disorders, and general adverse physical and mental 
feelings (176, 177).

Along with these physiological responses to 
low‐level irritants and odors, there are behavioral 
interactions that may explain the health symp
toms of illness associated with odors. Five possi
ble mechanisms may account for extra‐toxic 
odor‐related symptoms (176).

Innate Odor Aversions

As a basic protective mechanism, our body wants 
to avoid certain odors that may signify potential 
harm. For example, odors in “putrefaction” gas 
(e.g., H2S, mercaptans, and other sulfur contain
ing chemicals) are common substances which 
stimulate physiologic effects at lower than toxic 
levels. These gases may be associated with spoiled 
food, but are also associated with animal manure, 
as are many of the odors associated with these 
innate odor responses.

Pheromone Phenomena

Pheromones stimulate physiologic responses, 
especially around sexual reproduction. These are 
mostly overt for insects, but many mammals, 
including humans, respond to them. Some odors 
might destroy normal positive pheromone 
responses, resulting in impaired sexual function, 
as reported by Schiffman et al. (176, 177) for 
people living in the vicinity of CAFOs.

 Exacerbation of Underlying  
Conditions

Previous research has shown that workers with 
underlying conditions (asthma, atopy, bronchitis, 
heart conditions) are more susceptible to the CAFO 
environment than others (178). Furthermore, it is 
now evident that individuals genetically differ in 
their susceptibility to endotoxins. Research by Meggs 
et al. (179, 180) also lends strength to the theory that 
underlying conditions may amplify exposures.
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Aversive Conditioning

Some people previously exposed to high levels 
of odorous gases, causing toxic effects, may 
respond physiologically to less than toxic levels 
(slight odor) of a substance in future exposures. 
This author (KJD) has observed this condition 
in several cases of CAFO workers who experi
ence symptoms and anxiety when smelling 
CAFO odors following a severe CAFO gas 
exposure episode. This conditioned stimulus is 
probably an innate protective mechanism. This 
can also happen with lower level exposures over 
a long period of time (acquired odor intoler
ance) (179, 180).

Stress‐induced Illness

Odor‐related stress‐induced illness has been 
discussed as one cause of “environmental stress 
syndrome”. This phenomenon has been seen 
following nonodor disaster sites such as Three 
Mile Island (177). Studies have revealed increased 
urinary catecholamines in affected individuals. 
They also have a feeling of depression, helpless
ness, and a high degree of environmental worry 
which is exacerbated by detection of the offend
ing odor. Community members may be exces
sively worried that their property values are 
falling because of the odor source in their neigh
borhood. Odors can act as a cue for these indi
viduals, stimulating adverse physiologic risks 
relative to an associated exposure. Long‐term stress 
can be associated with muscle tension and head
aches, coronary artery disease and peptic ulcers.

7.8  Global Climate Change: Effects 
on Agricultural Production and 
the Environment

This chapter has discussed current general 
 environmental issues in rural and agricultural 
environments. Future results of agricultural envi
ronmental exposures will be likely controlled 
both negatively and positively by global climate 
change. The Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change 
(IPCC) reported that human activity is likely a 
principle cause of increased carbon dioxide 
(CO2), nitrous oxide N2O, and methane (CH4) 
(greenhouse gases) levels in the environment, 
and these are the principal drivers of climate 
change (109). The Fifth IPPC Report affirmed 
that human activity was a cause of increased 
greenhouse gas emissions (181). Pond and col
leagues (118) indicated that agriculture is 
responsible for the major component of atmos
pheric CH4 and N2O (13). Although the effects 
of greenhouse gases are global, they affect pro
duction agriculture regionally in different ways, 
with droughts in some areas and exceptionally 
hard rains in others. Heavy rains exacerbate the 
agricultural practices that have increased the 
runoff of nitrogen, phosphorus, and other 
chemicals into receiving streams and ground 
waters in certain areas (e.g., the upper US 
Midwest Corn Belt). Heavy rains also increase 
the risk of soil erosion. In other areas (e.g., 
Australia, the western United States, and Sub‐
Sahara Africa), drought has challenged both 
crop and livestock production, resulting in high 
levels of economic risk, followed by emotional 
stress in farmers.

In the shadow of climate change, variable pre
dictions are presented for production of the 
world’s three main food calorie sources (rice, 
wheat, and corn) (118). Crops in some areas may 
benefit due to increased warmth, moisture, and 
the fertilizing effect of increased atmospheric 
CO2. Europe and areas of North America above 
the 40th parallel may see substantial increases in 
corn production. South America and Africa may 
realize a 30% reduction in cereal grain produc
tion. South Asia may see a 10% reduction in rice 
production.

All of these outcomes and predictions are in 
flux at this time, but it is expected that the future 
will not have the same climate as today. Many 
climate scientists feel that preparation for manag
ing the potential negative consequences of cli
mate change on the sustainability of agriculture 
lags behind the climate change predicted in vari
ous models.
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Key Points

1. Pollution of surface and shallow ground waters 
with nitrates and phosphorus from crop fertili
zation and urban sources is the most impor
tant environmental concern relative to 
agriculture. Known related health hazards of 
nitrate contamination of drinking water 
include methemoglobinemia, which affects 
primarily newborns, resulting in a blue tinge to 
the skin of a white‐skinned baby (blue baby 
condition) as a result of oxygen‐deprived red 
blood cells. Fetuses and infants up to 6 months 
are at a higher risk than adults of this condi
tion. Excess nitrates in water have also been 
associated with (not cause‐effect) stomach 
c ancer. Secondary prevention of the adverse 
health effects of nitrates and phosphorus 
water contamination includes the following:
a. Regular testing of drinking water sup

plies, preferably annually in spring (or 
rainy season). As a minimum test for 
nitrates and coliform bacteria.

b. Inspect the well (or have a professional 
sanitarian or well driller) for damage to 
the well cap or hazardous location of 
potential pollution sources in the area 
of the well head.

c. Fill in and cap non‐functioning wells as 
they present a hazard for ground water con
tamination. The local health department or 
a professional well driller can help with this.

d. Ensure there are functioning check valves 
in outdoor hydrants to prevent back‐
siphoning of contaminates into the well.

2. Pollution of rivers, lakes, and brackish waters 
with excess phosphorus and nitrogen causes 
eutrophication, which enhances hazardous 
algal or dinoflagellate blooms. Toxins from 
brown and red algae may cause skin and gas
trointestinal irritation from water contact 
and neurological symptoms from ingestion 
of shellfish harvested from areas of these 
blooms. Cyanobacteria and Pfisteria contam
ination cause skin irritation and peripheral 
neurologic symptoms from water contact. 

Consumption of water contaminated with 
cyanobacteria toxins can cause severe neuro
logic, liver, and gastrointestinal symptoms. 
Primary pre vention includes management of 
efficient nitrogen and phosphorus fertilizer 
use, incorporating livestock manure into the 
soil, and management of water and soil run
off from farm land to receiving streams by 
application of various techniques that may 
include restoring wet lands, buffer strips, 
cover crops, and bio‐filters in field tile drain
age systems among many other practices.

3. Fluoride, arsenic, calcium and magnesium 
salts, and radon are natural substances found 
in certain regional (mainly ground) waters. 
Fluoride prevents dental caries at low levels, 
but excessive levels may cause staining and 
mottling of teeth, and weakening of bones 
(fluorosis). Arsenic in excess in water causes 
many health problems, including skin, neu
rological, and cancer problems. Hardness 
(especially magnesium) has benefits for car
diovascular health. Radon consumed in 
water is a minor risk for stomach cancer, but 
if inhaled as an off‐gas from water in houses 
is an important risk for lung cancer.

4. Agricultural burning, soil tillage, rural soft 
surface roads, and agricultural operations 
are the main sources of air particulate 
pollution.

5. The primary hazardous gases emitted from 
livestock CAFOs into the surrounding 
environment are odors, ammonia, hydro
gen sulfide, and the greenhouse gases 
 carbon dioxide and methane. Particulate 
emissions include dust particles, microbes, 
endotoxin, and glucans. The health haz
ards for workers present in these buildings 
is well documented. Although several 
studies have suggested that residents living 
in the vicinity of a CAFO report a variety 
of general flu‐like symptoms and behavio
ral health symptoms, objective evidence 
of cause‐effect physical harm is minimal. 
The stress of neighboring residents is well 
documented, as is loss of property value.
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8

8.1 Introduction

While agricultural workers engage in physical 
activities that enhance the risk of musculoskeletal 
injuries, even in the general population low back 
pain is a common disorder. More than 80% of 
the population in Western industrialized coun
tries experience back problems. In most cases the 
pain will not be fully evaluated, and no diagnosis 
will be made. Musculoskeletal symptoms from 
the neck, shoulder, and the extremities may be 
nearly as common as back pain, and agricultural 
workers are certainly at risk. This chapter will 
review the common occupational‐related muscu
loskeletal conditions of farmers. Many of these 
conditions are common to others who engage in 
long‐term hard physical labor. However, this 
chapter will focus on the specific risks and condi
tions common to agricultural work, as well as the 
treatment and prevention of these conditions.

8.1.1 Definitions
Musculoskeletal injuries include diseases of the 
bone, joints, and structures around the joints, (ten
dons, ligaments, and muscles). Secondary nerve 
involvement is also included in musculoskeletal 
disorders.

The following are common musculoskeletal 
conditions:
Acute injury and delayed effects of acute injury

Fractures and dislocations
Sprains (injury of a ligament that has been 

partially or completely torn)
Strains (muscle, tendon, or ligament pushed or 

pulled to its maximal limit)
Inflammation

Tendonitis (inflammation of a tendon)
Tenosynovitis (inflammation of a tendon 

sheet)
Enthesitis (inflammation of a tendinous 

insertion)
Bursitis (inflammation of a bursa)
Myositis (inflammation of a muscle, which may 

be primary (e.g., polymyositis) or  secondary to 
mechanical injuries)

Arthritis
Post‐traumatic arthritis (after acute trauma)
Infectious arthritis (due to direct infection of a 

joint)
Reactive arthritis (inflammation of a joint due 

to an immunologic process or reaction, e.g. 
rheumatic arthritis)

Osteoarthritis (sometimes also called arthrosis; 
a degenerative process in joint cartilage of 
partly unknown causes)
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Repetitive strain injuries
Cumulative trauma disorders or overuse syn

drome (1). Can also be related to static work.

In this chapter trauma and acute injuries will not 
be covered. Rheumatic disorders will be briefly 
discussed as they relate to work situations.

Musculoskeletal injuries exhibit a number of 
characteristic symptoms: pain, tenderness, stiff
ness, edema, and disuse. Pain is an early symp
tom, and nociceptive and neurological pain are 
probably most common. However, chronic pain 
conditions related to psychological and psychoso
cial factors are increasing.

8.1.2 Work‐related Disorders
Determining a cause‐effect association between 
work exposure and musculoskeletal injuries is 
often difficult both for the patient and the health
care provider. However, treatment, prevention, 
and worker’s compensation claims are dependent 
on the association between work and injury.

Given the difficulties in diagnosis manage
ment, prognosis, and insurance or employer 
 liability, the potential confounding dimensions 
must be considered. For current or chronic 
degenerative musculoskeletal disorders, the effect 
of work activity or sports activity may be primary 
or secondary, positive or negative, relative to the 
injury. Musculoskeletal disorders may have a 
complex etiology with multiple risk factors like 
age, gender, and obesity. Moreover, a number 
of risk factors may be found in farm work.

8.1.3 Epidemiology
Specialization has been one of the megatrends in 
production agriculture over the past three decades 
(see Chapter 1). Today, many farmers engage in 
routine and repetitive tasks for long periods, 
rather than constantly moving from one task to 
another as was past practice. Thus the ergonomic 
design of the work environment is of greater 
importance today. The risk for static and/or repet
itive work is significant in many modern farming 
operations. Typical disorders and potentially 
related activities are listed in Table 8.1.

A number of reports over the years have indi
cated a significant risk of low back pain among 
farmers (2–6). However, because of the research 
methodology, most of these studies have been 
unable to ascribe causality. Further research and 
longitudinal studies are needed for a better under
standing of work‐related low back pain among 
farmers (7).

A fairly significant relationship between hip 
join osteoarthritis and farm work has been 
reported in a number of studies over the last 
25 years (8–11). Although the occupational asso
ciation is clear, the specific causes of this problem 
are not known (12).

Tendonitis of the shoulders, epicondylitis, 
pronator syndrome, and especially carpal tunnel 
syndrome are common disorders related to 
physical work among farmers (13, 14). Female 
dairy farmers may be at special risk of these 
conditions (15).

While farming may or may not have a causal 
relationship to many of the disorders described 
in this chapter, many patients with these com
plaints will consult occupational health physi
cians and rural doctors, and will raise questions 
regarding farm tasks and possible relation to 
their injury, the consequences of further similar 
work, and compensation. Knowledge of the 
work of farmers is important to enable health
care providers to answer their patients’ ques
tions and recommend specific treatment, 
prevention, and rehabilitation of their farmer 
patients.

8.2 Chronic Pain Conditions

Several factors affect the perception of pain, 
as described by Waddell in the Glasgow illness 
model 1984 (16). Waddell’s model describes 
how physical problems transcend into distress, 
illness, and sick leave. His concept of illness 
behavior describes how pain and other symp
toms may be related to hope of compensation 
in terms of moving to another job, financial gain, 
or sympathy. The neurologist Henry Miller 
(17) coined the term “accident neurosis” to 
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Table 8.1 Musculoskeletal disorders associated with physical factors

Disorder Causal 
relationship

Typical activity

Cervical degenerative disk disease No Ceiling work, fork‐lift truck driving
Neck pain No Ceiling work, fork‐lift truck driving, load carrying in hand or on 

shoulder, assembling work
Whiplash injury Yes Trauma, especially traffic accident
Spinal degenerative disk disease No High work load, bending, twisting, difficult working positions, 

manual material handling, whole‐body vibration
Spinal stenosis No Standing and walking
Spondylolysis and 
spondylolisthesis

No High work load, bending, twisting, difficult working positions, 
manual material handling, whole‐body vibration

Ankylosing spondylitis No Inactivity
Low back pain Possible High work load, bending, twisting, difficult working positions, 

manual material handling, whole‐body vibration
Coccygodynia No Sitting, trauma
Impingement syndrome Yes Working with elevated arms, especially with vibrating tools, 

repetitive and static work with arms in abduction
Shoulder tendinitis Yes Working with elevated arms, especially with vibrating tools, 

repetitive and static work with arms in abduction
Shoulder dislocations No Trauma
Thoracic outlet syndrome No Overhead activities, fork‐lift truck driving, material handling
Frozen shoulder No All kinds of movements in the shoulder
Osteoarthritis of the 
acromioclavicular joint

Probably 
not

Manual material handling, lifting material, transporting material 
on the shoulder

Cervicobrachial syndrome No Fork‐lift truck driving, load carrying in hand or on shoulder, 
assembling work, manual material handling, work with  
chainsaw

Epicondylitis Possible Turing screws, hammering, assembling parts
Olecranon bursitis Yes Trauma, repetitive or continuous pressure
Flexor pronator syndrome Yes Manual material handling, milking
De Quervain’s tenosynovitis Yes Manual material handling, sawing, forceful hand wringing
Ulnar cubaital tunnel syndrome Yes Resting forearm on hard surface or sharp edge
Stenosing tenosynovitis Possible Manual material handling
Scaphoid fractures and non‐union 
of the scaphoid

Yes Trauma

Carpal tunnel syndrome Possible Manual material handling, vibrating tools, working with hand‐held 
tools and equipment

Dupuytren’s contracture No Working with hand‐held tools and equipment
Ganglion Possible Repetitive manual material handling
Herbeden–Bochards osteoarthritis No Manual material handling
Osteoarthritis of the first 
carpometacarpal joint

Possible Trauma, screwing, vibration

Trochanteritis Possible Trauma, repetitive kneeling
Osteonecrosis of the femoral head No Walking, running
Osteoarthritis of the hip Yes Unspecific farm work
Knee ligament injuries Yes Trauma
Bursitis of the knee Yes Kneeling, trauma
Chondromalacia patellae Possible Running, high physical activity, walking, climbing stairs
Injuries of the meniscus Yes Trauma
Baker’s cyst No Walking, kneeling
Osteoarthritis of the knee Probably 

not
Walking, running, kneeling, climbing stairs and ladders, working 
on rough ground

(Continued )
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describe a category of patients with chronic 
pain related to litigation processes.

Other psychosocial issues may predispose to 
chronic pain, including depression, childhood 
deprivation, family difficulties, and personality 
disorders (18). The point is that the health profes
sional may be challenged to determine work‐related 
injuries in the absence of objective signs of physical 
injury or disease. Psychosocial conditions may be 
important etiologic factors of chronic pain or effect 
modifiers, or may have no relationship (19–21).

Psychosocial conditions may act as an impor
tant etiologic factor (22, 23), but mostly the 
impacts of psychosocial conditions are regarded 
as effect‐modifying factors (24–26) (Figure 8.1).

Several studies have reviewed the association 
of psychosocial factors with low back problems, 
neck problems, and shoulder problems (19, 27). 
Such factors are demand/control imbalance, job 
content, social support, job dissatisfaction, shift 
work/overtime, and stress in the work environ
ment. Evidence for association between low job 
satisfaction and back and neck pain has been 
reported (20, 28, 29). Complex psychosocial fac
tors may be relevant for back and neck problems 
(30). The economic burden, particularly indirect 
costs, of chronic pain is very high (31).

Because development of chronic pain is not 
well understood (32), a number of models have 

been presented to describe how this kind of 
chronic pain develops and persists (33). One of 
these models is the concept of myofascial pain. 
This syndrome is described as a regional muscle 
pain disorder characterized by localized muscu
lar tenderness and pain. So‐called trigger points 
are pathognomonic. A trigger point is a hyperir
ritable spot, painful on pressure. Tenderness 
and referred pain are common as well (34). 
Fibromyalgia may be described as a more gener
alized myofascial pain syndrome, accompanied 
by fatigue and sleep disturbance (35–39). 
Alternative models have been presented of how 
chronic pain emerges and how repeated pain 
signals may be transformed into persisting 
hyperexcitability (40–42). Pain research has 
demonstrated (the gate control theory) that 
nociceptive receptors (peripheral, cutaneous 
receptors) are inhibited by central mechanisms 
activating other receptors. Fast nociceptive sen
sory information transmitted to the brain relies 
on interplay between the inputs from nocicep
tive and non‐nociceptive primary fibers, both 
normally under strong inhibitory control in the 
spinal cords dorsal horn. Two amino acids, 
GABA and glycine, serve pivotal roles in this 
process. Disturbance of these descending inhibi
tory signals may play an important role in 
chronic pain syndromes (43–45).

Table 8.1 (continued)

Disorder Causal 
relationship

Typical activity

Periosteitis Yes Training running
Ankle sprains Yes Trauma
Avulsion fractures of the fifth 
metatarsal

Yes Walking, running

Plantar fasciitis No Standing, walking, running
Morton’s neuroma No Dorsiflexion of toe
Hallux valgus No Walking, running
Pes planus No Walking, standing
Rheumatoid arthritis No No
Psoriasis No No
Crohn’s disease No No
Salmonella Possible Infection from animals
Shigella Possible Infection from animals
Yersinia Possible Infection from animals
Other immunologic factors Possible Contact with material and/or animals
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8.3 Injuries of the Neck

Neck pain is second only to low back pain as 
a  common musculoskeletal disorder and is fre
quently reported among workers. Although neck 
pain may be related to cervical degenerative disease 
or whiplash injury, years of research on chronic 
neck pain plus advanced radiological methods 
have provided little understanding for most 
chronic neck pain. Perhaps a more psychological 
approach, focusing not only on the pain but also 
on counselling and general physical conditioning, 
may be helpful (46).

8.3.1  Cervical Degenerative Disk 
Disease

The cause of cervical degenerative disk disease is 
unknown. It is common in both men and women, 
with a rising prevalence in advancing age. Middle‐
age people may have subclinical degenerative 
changes. Degenerative changes are most common 
at C5–6. Frequently more than one disk is affected. 
Disk protrusion can affect the nerve roots and thus 
account for radiculopathy, resulting in pain 
and other symptoms, radiating into the arms. 
Increasing levels of spinal degeneration are related 
to increasing chronicity of patient complaints (47).

The first symptom of disk disease is pain with 
the neck flexed or extended for long periods. 

Sometimes the symptoms are first noticed after 
trauma. Work histories such as working with 
forklifts, tractor driving, or computer work are 
common (48). A typical problematic farm work 
practice is looking back over the shoulder while 
driving a tractor with equipment at the rear 
(Figure  8.2). Chronic neck pain may reflect a 
state of instability in the cervical spine and the 
symptoms may be related to a number of condi
tions (49). As with other chronic musculoskeletal 
problems psychological and psychosocial factors 
may be related to onset, severity, and chronicity 
of symptoms (28, 50, 51).

Neck pain or high interscapular pain related to 
movements is the most frequently reported symp
tom, but pain during the night also is common. 
Patients often make efforts to find a good pillow. 
Physical examination is often negative. Some 
restrictions of neck flexion or rotation may be 
noticed. Localized tenderness is a non‐specific 
finding. Only in severe cases will there be find
ings such as a reflex change or local sensory/tac
tile change.

If the symptoms from the neck are combined 
with other observations such as weight loss, 
fever, intravenous drug use, or history of  urinary 
tract infection, other serious conditions of the 
spine must be considered. In case of trauma, a 
spinal fracture should be suspected. Arthritis 

Clinical features Psychological factors
Pathology

Etiology Disease Illness
Illness 

behaviour

Abnormal 
illness 

behaviour

Dysfunction Functional
impairment

Psychosocial 
factors

Disability

Figure 8.1 Psychosocial factors and illness behavior.
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(rheumatoid or ankylosing spondylitis) can also 
cause neck symptoms. C‐reactive protein (CRP) 
and erythrocyte sedimentation rate are useful 
tests to differentiate traumatic or degenerative 
disease from a systemic condition.

Standard plain‐film x‐ray is indicated in 
chronic cases and when serious underlying condi
tions are suspected. Narrowed disk space is a 
common finding together with degenerative 
changes such as osteophytes of the surrounding 
vertebrae. Magnetic resonance imaging (MRI) is 
not indicated unless there is a suspicion of serious 
spinal pathology.

In cases with no x‐ray findings, other potential 
diseases include neck tension syndrome, whip
lash injury, tumors, and entrapment problems of 
the brachial plexus. Neuropathy related to dia
betes or other metabolic abnormalities may 
also affect the nerve function of the upper 
extremities.

Patients with neck problems should avoid pro
longed sitting with the neck in a fixed position or 
working with the head in extreme positions. 

Driving may be difficult, especially tractor driving 
on rough ground. Early intervention with a physical 
therapist is often recommended. Active therapy, 
including specified exercises and cervical traction, 
may be helpful. Heat, massage, and ultrasound 
may reduce pain and stiffness. A soft cervical collar 
supports the head and gives some rest for the neck 
muscles. It may be helpful initially but is of no 
help or may have a negative effect with longer 
term use. Nonsteroidal anti‐inflammatory drugs 
(NSAID) reduce pain and stiffness. Oral corticos
teroids muscle relaxants and sedatives are not 
usually warranted. In rare instances, painkillers 
might be essential.

Modification of the job sometimes must be 
encouraged, including ergonomic changes to the 
workstation and changes of work routines and 
job rotation. Psychosocial difficulties must be 
considered as well.

Patients with neck problems who develop 
neurological deficits may need more aggressive 
therapeutic efforts. Those who have upper 
extremity radiculopathy and do not respond to 

Figure 8.2 Looking back over the shoulder while driving a tractor may be problematic in cases of neck 
disorder.
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conservative therapy should be transferred to 
s pecialists for further evaluation.

8.3.2 Neck Tension Syndrome
Neck pain that persists without any objective 
findings is sometimes labelled tension myalgia, 
chronic neck disease, neck‐shoulder syndrome, or 
neck‐tension syndrome. Some authors report that 
tension conditions of the neck results from static 
sustained muscle contraction (52). The symptoms 
are said to be frequent among secretaries, computer 
operators, and small‐part assemblers as well as 
among those who carry loads in the hands or on the 
shoulders. They might also be seen after repeated or 
sustained overhead work. Other researchers (53) 
conclude that psychosocial conditions may be as 
important as occupational physical stress in relation 
to neck pain (7, 19, 30, 47, 54). Involvement of 
physiotherapists as well as psychotherapists in a 
program to train the patient to handle his or her 
situation may be indicated.

8.3.3 Whiplash Injury
A sudden jerk to the neck may result in a complex 
injury. Typically whiplash trauma is an accelera
tion–deceleration loading of the cervical spine, 
usually generated by a rear‐end car collision. 
Other types of car crash and injuries related to 
diving and fall‐trauma may result in a neck dis
tortion, giving the same type of injury. Whiplash 
injuries are common and usually the damage is 
insignificant, but occasionally it can be more 
severe. Usually, symptoms decline and disappear 
within a short time, but sometimes pains and 
various manifestations – such as vertigo, numb
ness, vision disturbances, difficulty concentrat
ing, and memory impairment – may linger. These 
symptoms are labelled whiplash‐associated disor
ders (WAD). After many years of research, there 
is still controversy about whether WAD compli
cations are related to physical changes, biopsy
chological reactions, or merely to insurance 
claims questions (55–59).

The Quebec task force analyzed more than 
10,000 publications concerning whiplash and 

whiplash‐related disorders (60). Objective signs 
of injury such as fractures, ligament strains, disk 
fragmentation, and bleeding were reported after 
studies on animals and post‐mortem studies 
(61,  62). The Quebec classification with five 
grades is widely accepted (63–67) (Table 8.2).

The percentage of exposed people reporting 
WADs varies among countries (68–70). Studies 
in Australia, New Zealand, and Saskatchewan, 
Canada, indicate that the insurance system has 
a  considerable effect on the number of WADs 
(71–73).

Psychosocial considerations are less questioned 
in patients with grade 3 and 4 symptoms on the 
Quebec classification system. These patients 
should be carefully evaluated at a trauma clinic. 
Those with lower grade symptoms might be fol
lowed as outpatients. It is important that the 
patient resumes working as soon as possible, at 
least part‐time. Some patients may need support 
to tackle post‐traumatic stress reactions (74, 75). 
WADs are problematic when assessing litigation 
claims. The problem is not restricted to road traf
fic accidents but is also related to different types 
of accidents in working life.

8.4 Injuries of the Spine

The annual incidence of low back pain episodes 
is reported to be about 50% of working age adults 
(76). More than10% seek medical care for their 
back condition (77). The cost of back conditions 
is substantial and includes the costs of medical 
treatment, lost productivity, disability, work 
absence, and disability pensions (78). Low back 

Table 8.2 The Quebec classification of whiplash 
injuries

Grade Clinical presentation

0 No functional manifestations or physical signs
1 Neck pain with no physical signs
2 Neck pain, rage‐of motion limitation, and tender 

point
3 Neck pain and neurologic impairment
4 Neck pain and fracture or dislocation
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problems are defined as acute or subacute for the 
first few weeks and chronic if they persist for 
more than 3 months (79, 80). Most patients with 
low back pain recover spontaneously within a 
week or a month. However, most people suffer 
recurrent episodes of low back pain (2, 50, 81).

Risk factors for low back injury include heavy 
lifting, bending and lifting, bad work positions, 
whole‐body vibration, and prolonged sitting in 
fixed position. Several research studies of farmers 
have reported high rates of low back pain (82, 83). 
Tractor driving has been identified as a major 
 factor (3, 84) as well as whole‐body vibration and 
prolonged sitting (85–87) Figure 8.3.

Most of the studies reporting a relationship 
between farming and low back pain have been 
based on cross‐sectional studies. Furthermore, 
few studies have included any results on physical 
diagnosis (e.g., degenerative disk, etc.). More 
definitive prospective studies and case‐control 
studies are lacking (88). Part‐time farmers have 
been reported to have more problems than full‐
time farmers (89). Physical factors as well as psy
chological factors have been demonstrated as 

risks, but explain fewer than half of the cases of 
low back problems (90). Despite frequent symp
toms of low back pain, farmers do not often seek 
medical care and are generally not away from 
their work for very long (90).

8.4.1  Spinal Degenerative Disk 
Disease

Intervertebral disk degeneration is a normal aging 
process. However, hereditary factors are impor
tant in degenerative changes in the spine. Some 
differences between men and women have also 
been demonstrated (91). Females experience a 
greater number of joints affected compared to 
men, while men have more lumbar spine degen
eration. Sciatic symptoms are more prevalent 
among men than women of the same age (92). 
Men experience symptoms at a younger age, but 
between 35 and 54 years of age there is almost no 
gender difference. The highest prevalence is 
reported for the middle‐aged groups (93).

A common belief is that disk degeneration and 
disk hernia (with or without sciatic symptoms) 

Figure 8.3 Tractor‐driving is associated with whole‐body vibration and prolonged sitting.
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emerge because of heavy work, heavy lifting, or 
turning or twisting at the waist. However, research 
on workers in traditionally heavy jobs shows that 
they have fewer back problems and less sick leave 
due to sciatica than a comparison population. 
Numerous studies have failed to show a relation 
between mechanical stress on the back and degen
erative disk changes (94).

During the last two decades, use of MRI and 
statistical regression methods have expanded 
knowledge of these conditions. No specific risk 
for heavy lifting work was apparent compared to 
people with jobs involving sitting for long periods 
(95, 96). Other studies have found only a weak 
relationship between disk degeneration and occu
pation. Almost half of the general population of 
middle age and beyond have MRI‐objective disk 
changes (97). One‐third of individuals without 
symptoms have disk changes, and 50% of those 
with symptoms have normal MRIs (97–99). In a 
study of twins, hereditary factors, not occupation, 
were related to disk problems (100). Experimental 
studies have not indicated a relationship between 
whole‐body vibration or disk compression and 
degeneration (101, 102).

Based on the available research, it appears that 
disk degeneration is mainly dependent upon 
hereditary factors. However, sitting for long periods 
appears to be a greater risk factor than heavy work. 
This may be related to the fact that there is less 
space around the nerve roots when sitting. A fixed 
position may also promote swelling if there is an 
ongoing inflammation, and prolonged sitting may 
promote a weaker muscle capacity. In any case disk 
degeneration in relation to work is difficult to 
define. Smoking, obesity, and general health status 
are also related to the risk for sciatica (103).

Sciatic pain, weakness, and numbness are 
mostly caused by pressure on the nerve roots 
exiting the spinal cord or a bulging or herniated 
disk with an associated inflammation. The onset 
of symptoms may be sudden or gradual. Pain is 
associated with movement of the back. Forward 
bending may be very difficult. Pain is usually 
located in the lumbar region but may extend to 
the buttock and is usually not well defined. 
Patients with typical nerve root symptoms avoid 

sitting and prefer standing or walking. The 
degree of sciatic pain or radiculopathy is pro
portional to the level of root pressure. Pain loca
tion is as follows:

L4: Pain below the knee in the medial part of 
the leg

L5: Pain in the lateral calf and dorsal part of the 
foot and/or in the great toe

S1: Pain in the posterior calf and lateral border 
of the foot

In the case of nerve root pressure, the straight 
leg‐raising test (Lasègue’s sign) is generally posi
tive. The smaller the angle associated with pain, 
the more positive the test. Compression of the S1 
root causes absent or decreased ankle reflex and 
involvement of the L4 root causes absent or 
decreased knee reflex, while there is no loss of 
reflex with the L5 nerve root. Skin sensation may 
be affected as follows:

L4: Decreased sensation in the medial part of 
the leg and foot

L5: Decreased sensation in the dorsal part of 
the foot and the great toe

S1: Decreased sensation in lateral border of the 
foot and/or the three lateral toes

Muscle force may be decreased so that the 
patient has difficulty rising back on the heels (L4) 
or onto the toes (S1). The ability to dorsiflex the 
great toe (L5 supplying the extensor hallicus lon
gus) may also be weak. Sometimes the patient 
reports hyperesthesia.

Plain‐film x‐ray views are usually obtained 
with the patient standing. Scans or MRI should 
be obtained in case of insecurity concerning 
 diagnosis, prior to surgery. In other cases more 
advanced diagnostic measurements can wait 
(Figure 8.4).

The physician examining a patient with back 
pain must differentiate other causes that may be 
related to the pathologic process involving the 
abdomen, kidneys, or pelvis. Bone infection, 
ankylosing spondylitis, and tumors can be differ
entiated with bone scans, x‐ray, and MRI exams 
respectively (Figure 8.5).
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The great majority of patients with disk 
degenerative disorder with low back pain with or 
without radiculopathy will resolve without any 
treatment. Bed rest should be avoided (104). If 

possible the patient should work and perform 
daily living activities. The prognosis is better if 
the patient is physically active (105, 106). Patients 
should have instructions to adjust their work 
according to their ability. In some cases a lum
bosacral corset may be helpful but it should not 
be used for long periods. Anti‐inflammatory 
drugs such as non‐steroidal anti‐inflammatories 
may be prescribed.

Exercise should be implemented as soon as 
possible. Patients presenting recurrent problems 
or delayed recovery may be referred to a physio
therapist. In some places it is possible to join a 
“back school.” Such schools have specially 
designed exercise schemes and personnel who can 
teach the patient about prevention (103). Job 
activity should be designed to minimize pro
longed sitting or standing and to avoid sitting 
while leaning forward and rotating.

Patients with strong or persistent pain as well 
as patients with significant nerve root engage
ment may be candidates for surgery. Surgery is 
performed to relieve nerve root pressure. Alter
natively, a corticosteroid injection may be helpful 
in providing relief of radicular symptoms in some 
cases. The long‐term prognosis is not better for 
patients who have had surgery. Thus it is neces
sary to reflect carefully on the patient’s situation 
before a decision favoring surgery. A corticos
teroid injection may be helpful in providing 
relief of radicular symptoms and can be consid
ered as an adjunct in balanced non‐operative 
management.

8.4.2 Spinal Stenosis
Spinal stenosis is mostly the result of progressive 
degenerative disease (107). Deformation of the 
facet joints as well as deformation of other struc
tures may encroach on the spinal canal as well as 
the neruoforamina. Spinal stenosis may also be a 
late complication to disk surgery hernia or con
genital conditions.

Spinal stenosis is a common cause of leg pain, 
especially among the elderly. As individuals with 
spinal stenosis have problems with standing and 
walking, sitting may be preferable. The pain in the 
lower extremity is variable between and within 

Figure  8.4 MRI of lower back showing 
degenerative changes: deformed vertebral bodies. 
(Source: Department of Radiology, central Hospital, 
Wexiö, Sweden.)

Figure 8.5 MRI of lower back showing disk 
herniation with nerve root pressure. (Source: Depart
ment of Radiology, central Hospital, Wexiö, Sweden.)
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patients over time. Patients should be observed 
walking, and reflexes of the lower extremity should 
be examined at each visit.

Plain‐film x‐rays may show a number of 
degenerative changes: degenerative low disks 
with associated osteophytic changes and scoliotic 
changes. A CT scan or MRI may show the 
impingement of the nerve roots. Most patients 
with spinal stenosis are older and have other 
degenerative disorders, such as disturbed 
 circulation of the legs from arteriosclerosis 
(intermittent claudication), which may present 
symptoms similar to spinal stenosis. If spinal 
 stenosis is suspected, referral to an orthopedic 
specialist is recommended for evaluation and 
treatment (108).

8.4.3  Spondylolysis and 
Spondylolisthesis

Spondylolysis is a defect in the continuity of the 
superior and inferior articular processes of the 
neural arch of a vertebra, almost always the fifth 
lumbar vertebra. The bone of the articular pro
cess is replaced by fibrous tissue usually as the 
result of a congenital defect or trauma such as an 
improperly healed stress fracture. Spondylosis 
may cause instability and displacement of a verte
bra or spondylolisthesis. Spondylolisthesis may 
also result from osteoarthritis or malformation of 
the articular processes (109) (Figure 8.6).

These conditions cause variable symptoms 
unless there is significant displacement (110, 111). 
On examination there may be a visible or palpable 
“step” above the sacral crest. Plain‐film x‐ray dem
onstrates the defect on lateral views and there may 
be secondary degenerative changes. Most patients 
do not need any treatment and they should con
tinue to be physically active. Indivi duals with 
symptoms may be helped with conservative meas
ures similar to patients with degenerative disk dis
ease. Surgery is justified only when disability is 
severe (112).

The available literature suggests it is not neces
sary to exclude workers with spondylolisthesis 
from moderate physical work (113–116). Studies 
indicate that the prognosis for young people with 
sponylolysis is good (117).

8.4.4 Ankylosing Spondylitis
Ankylosing spondylitis (Bechterew’s disease) is a 
chronic and often disabling disease. It is strongly 
related to constitutional factors. It is often neces
sary to intervene with patients with ankylosing 
spondylitis to facilitate their working life.

Approximately 1% of the white population have 
ankylosing spondylitis. The frequency is lower in 
Japan and among African black populations. The 
variation is strictly related to the variation of the 
HLA‐B27 gene. Almost 90% of patients with anky
losing spondylitis have this gene and 10–20% of 
those who are HLA‐B27‐positive will develop the 
disease. While ankylosing spondylitis has primarily 
been recognized in men, recently women have also 
been found to be susceptible (118). Physicians and 
radiologists may miss diagnose in mild disease; 
females usually have a milder disease (119, 120).

The following five manifestations suggest a 
diagnosis of ankylosing spondylitis (121):

1. Occurrence of symptoms in patients younger 
than 40.

2. Insidious unset of back discomfort.

Figure  8.6 Plain‐film x‐ray showing 
spondylo listhesis. (Source: Department of Radiology, 
central Hospital, Wexiö, Sweden.)
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3. Persistence of back pain for more than 3 
months.

4. Morning stiffness.
5. Improvement of back pain after exercise.

The physical examination may reveal a reduced 
mobility in both anterior and lateral planes, and a 
loss of the normal lumbar lordosis. Lateral x‐ray 
views of the lumbar spine show that the normal 
concavity of the vertebral bodies is lost and a 
squared form has developed. Severe degenerative 
bony changes progress over most portions of the 
spinal column (122).

Other organs may become involved with 
amyloidosis, including the eye, lung, and car
diovascular system. It is not possible to make 
any accurate prognosis for an individual 
patient. Treatment must focus on good spinal 
posture and exercise. Anti‐inflammatory medi
cation (NSAID) may be helpful. If this does 
not relieve symptoms, anti‐tumor necrosis fac
tor (TNF) alpha drugs may be begun. These 
drugs often have a very good effect on symp
toms and physical capacity. Daily physical 
activity and work activity should be encour
aged, but risk of fractures should be advised in 
severe cases. The combination of a more fragile 
skeleton and difficulties with motion must be 
considered a significant risk for farmers who 
handle animals or are exposed to other kinds of 
physical stress.

8.4.5 Coccygodynia
Coccygodynia is persistent pain in the region of 
the coccyx (tailbone). Usually there is no evident 
pathology. A local injury such as a direct fall onto 
the coccyx or a blow to the area is typically 
reported. The injury in most cases is probably a 
strain or sprain in one coccygeal joint. Pain is 
worse when sitting. There is localized tenderness. 
Plain films are typically normal. Infections or 
tumors should be ruled out. Treatment is usually 
not required. A small pillow to sit on may be help
ful as well as anti‐inflammatory drugs. In most 
cases the condition will resolve spontaneously 
over time.

8.4.6 Low Back Pain
Low back pain is an imprecise term sometimes 
used to describe any kind of low back condition. 
Some patients with low back pain have objective 
findings such as x‐ray findings or relevant clinical 
observations. Other patients have pain without 
objective manifestations (123,  124). Most back 
pain in early course is non‐specific. Pain may be 
generated by nociceptors in most of the anatomic 
structures of the lower back. Studies indicate that 
a nociceptive stimulus may start a muscle con
traction in different spinal muscles (125–127). 
The contraction may be for the purpose of stabi
lizing the painful segment and may be facilitated 
by higher centers in the brain or spinal cord, 
which may continue the contraction even after 
the initial nociceptive stimulus has healed (128). 
This biomechanical loading may be acute, 
repeated, and prolonged, leading to the low back 
pain. The scientific medical understanding of 
most low back pain is still limited, despite mod
ern technology. For details see biomechanical 
textbooks and reviews (94,  129–132). Patients 
with low back pain and without any objective 
signs of disease may need the same support and 
training as patients with a degenerative disk 
d isease (see above).

8.5 Injuries of the Shoulder

The shoulder is the most movable mechanical 
system in the body. Three joints, the gleno‐
humoral, the acromioclavicular, and the sterno
clavicular, and more than 20 muscles integrate as 
a complex unit that creates stability and force in a 
wide range of motion.

Shoulder pain is a very common symptom often 
related to occupational activity (133–135). 
Shoulder pain affects the ability to work in a wide 
variety of jobs ranging from heavy manual jobs 
(e.g., farming and construction) to low physical 
demand jobs (e.g., computer terminal jobs). 
Repetitive motion, fixed static work, prolonged sit
ting, poor posture, excessive force, and vibrations 
are the mechanical stresses related to shoulder 
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 disorders (136–138). Psychosocial conditions (as 
with other chronic musculoskeletal conditions) are 
strongly related to shoulder pain and disability 
(19, 139–142).

Occupational groups working with the arms 
elevated (e.g., welders at shipyards, painters, and 
construction workers) have significant risks for 
shoulder pain, especially if they use vibrating 
tools (143, 144). As with other musculoskeletal 
diseases, work exposure in relation to clinical 
findings is difficult to evaluate.

Regarding farmers, studies in Finland indicate 
a higher risk of osteoarthritis of the glenohumoral 
joint relative to a comparison population 
(135, 145). Other studies have revealed that farm
ers report a significant association between diffi
cult working positions and shoulder pain. 
However, farmers overall report a low risk of neck 
and shoulder problems (90).

8.5.1  Impingement Syndrome 
or Shoulder Tendonitis

Impingement syndrome (146) has previously been 
referred to as rotator cuff syndrome, supraspinatus 
tendonitis, or shoulder tendonitis. The supraspi
natus tendon is perhaps the prominent structure 
for impingement as it passes beneath the acromion 
process of the scapula. Individual factors such as 
the anatomic space, age, and intensity of localized 
inflammation are related to the risk and the mag
nitude of symptoms. The bursa between acromion 
and humerus may be affected, resulting in a bursitis. 
In chronic cases, especially among older people, 
the tendon may rupture, resulting in a rotator cuff 
rupture. Supraspinatus tendonitis will produce a 
“painful arc,” described as pain when abducting 
from 45 to 90 (variation 60–120) degrees. 
Repeated or maintained abduction with pressure 
on the acromion process is also painful. Pain relief 
with release of pressure is a positive impingement 
sign (147). Pain is felt in the anterolateral aspect of 
the upper arm, sometimes radiating distally and/or 
to the base of the neck (148). Lying on the affected 
side provokes pain.

The clinical evaluation will note a minor 
weakness as a result of pain inhibition on resisted 

abduction. The impingement sign is usually 
 positive when the impingement is caused by a 
localized inflammation or injured supraspinatus 
tendon. Palpation may confirm the site of a rotator 
cuff lesion, revealing tenderness, or a defect when 
the supraspinatus tendon is completely torn at its 
insertion to the greater tuberosity of humerus. 
With chronic disease the inferior aspect of acro
mion may be deformed with osteophytic forma
tions, resulting in further encroachment of the 
subacromial space.

Plain‐film x‐rays may show sclerotic changes 
of the acromion, greater tuberosity of humerus, 
or osteoarthritis of the acromioclavicular joint. 
Ectopic calcification is a common finding. 
Osteoarthritis of the glenohumoral joint is not 
very common. Rupture of the cuff will be demon
strated by MRI (149, 150) (Figure 8.7).

Patients with less severe symptoms may be 
referred to physiotherapy, including ultrasound, 
heat, and/or pendulum exercise (151). NSAIDs 
are useful. A local injection of corticosteroids in 
combination with anesthetics into the subacromial 
space is a rapid way to resolve pain. Patients who 
do not respond or who respond only temporarily 
may be candidates for surgery. This is generally 
performed by arthroscopy to restore the subacro
mial space. Cuff disruption can be identified and 
sometimes repaired by arthroscopic surgery (152).

Figure  8.7 MRI of the shoulder showing 
rotator cuff rupture. (Source: Department of 
Radiology, central Hospital, Wexiö, Sweden.)
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The long‐term outcome of rotator cuff tendonitis 
is unfortunately not always positive (153,  154). 
The level of degeneration and psychosocial factors 
is a good predictor of outcome. Reduction in 
extreme stress, like some sports, leads to more 
rapid healing (155–157).

8.5.2 Shoulder Dislocations
The shoulder joint is anatomically unstable as the 
surface area of the glenoid fossa is only 20% of 
the humeral head, and the stability therefore 
depends on the surrounding tissues. Recurrent 
anterior subluxation usually occurs in patients 
who have had an acute full luxation previously 
(158). Luxations are usually related to contact 
sports like football and rugby, but are also seen 
among swimmers. Farming confrontations with 
cattle, for example, may pose a risk for shoulder 
luxation. Patients with recurrent dislocations are 
well aware of the situation and can re‐establish 
the normal position of the humerus on their own. 
In other cases the situation is not clear and the 
symptoms may be more diffuse.

Instability associated with some loss of range of 
rotation can be demonstrated by applying pressure 
to the head of the humerus with the patient’s arm 
in abduction, which may result in pain and a 
noticeable laxity of the joint. Plain‐film x‐rays are 
often normal. MRI and examination under 
anaesthesia may be necessary to demonstrate the 
instability of the joint (159–162). Conservative 
treatment consists of muscle strengthening and 
exercises of flexibility. In cases of recurrent sub
luxation surgery may be indicated.

8.5.3 Thoracic Outlet Syndrome
Thoracic outlet syndrome (TOS) is a compres
sion of neurovascular structures as they pass out 
from the chest and neck under the clavicle to the 
axilla. Normally the passage is spacious even in 
case of extreme movements. Most patients with 
TOS probably have an abnormal anatomy. This 
may be due to a previous injury to the clavicle, a 
hypertrophic anterior scalene muscle, or an extra 
cervical rib (or a fragment of a rib). The incidence 

of TOS is not well known (135,  163). TOS is 
probably not strictly a work‐related disorder but 
may be aggravated in jobs where heavy loads are 
carried with extended arms (164,  165). Some 
patients have pain from the shoulder radiating 
down to the forearm and the hand, and have dif
ficulties with overhead work. Numbness, tingling, 
and weakness are also reported and may be related 
to insufficient circulation (vascular TOS).

X‐rays should be obtained to evaluate ana
tomic abnormalities. Electrodiagnostic testing 
may be performed to evaluate involvement at the 
brachial plexus (166,  167). Treatment is usually 
conservative and should focus on postural strength 
training and education to teach the patient to 
avoid movements that result in putting pressure 
on the thoracic inlet region. General physical fit
ness and reduction of obesity should be encour
aged. Rarely will patients require surgery.

8.5.4 Frozen Shoulder
Frozen shoulder (adhesive capsulitis) is a condi
tion with restricted active and passive movement 
in the shoulder. A diffuse inflammatory process is 
the apparent direct cause of immobility (168). 
Frozen shoulder (which may or may not start fol
lowing trauma) is a process of gradually increasing 
pain and immobility of the glenohumeral joint. 
Most patients spontaneously recover. Physicians 
frequently and incorrectly use frozen shoulder as a 
generic term for a variety shoulder problems.

Rehabilitation of patients with frozen shoulder 
is often a problem in occupational medicine. 
Many frozen shoulder patients with manual tasks 
will have significant difficulty in performing their 
occupational work. However, the long‐term 
prognosis is good as most patients recover within 
a 2‐year period (169).

8.5.5  Osteoarthritis of the 
Acromioclavicular Joint

Osteoarthritis or arthrosis of the acromioclavicu
lar (AC) joint is a disease of the cartilage. The 
cartilage is degenerated, and the joint is deformed 
with osteophytes at the joint margins. Although 
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studies of AC in relation to work exposures are 
variable, heavy physical work, especially work 
with vibrating tools or in conjunction with con
tact sports, appears to be a risk factor (170–172). 
Osteoarthritis is frequently reported but often 
not related to any major functional impairment. 
Most patients with AC joint osteoarthritis prob
ably have no pain and no other indication of a 
joint disease. Some degree of osteoarthritis is 
often regarded as a normal age degeneration phe
nomenon (173). Pain is localized to the joint area 
and aggravated particularly by overhead use of 
the limb. Plain‐film x‐rays show narrowing of the 
cartilage space and osteophytes. Treatment is 
often not indicated. NSAID and/or a local injec
tion of corticosteroids may be helpful. In severe 
cases surgery is justified (174).

8.5.6 Cervicobrachial Syndrome
Cervicobrachial pain syndrome is a non‐specific 
term used for pain in the shoulder and neck. 
Localized inflammation of the muscles (myositis 
or myalgia) or myofaschial sheets may be the cause.

Repetitive work strain, bad working positions, 
especially working with elevated arms, and static 
work such as computer terminal work have 
been  associated with cervicobrachial syndrome 
(136, 138, 175–180).

The treatment of patients with non‐specific 
symptoms is problematic. Job‐rotation and other 
arrangements at the workplace combined with 
physiotherapy are recommended. Psychosocial 
factors must be examined, and the way the work 
routine is organized is strongly related to the risk 
of this kind of shoulder symptoms (181).

8.6  Injuries of the Elbow, Wrist 
and Hand

All common work‐related hand and arm problems 
can be seen among farmers. Some studies indicate a 
risk for forearm problems among milkers (182, 183). 
Vibration is related to a variety of symptoms from 
the hands and arms in different occupations among 
farmers (184, 185) and lumberjacks (186, 187).

8.6.1 Epicondylitis
Epicondylitis is the result of inflammation of a ten
don at its insertion (enthesis) onto bone at an epi
condyle. Lateral and medial humoral epicondylitis 
are prevalent enthesopathies. Lateral epicondylitis 
(also called tennis elbow) is much more common 
than medial epicondylitis and affects more than 
1% of the population (188, 189). Pain radiates to 
the proximal forearm, and weakness of grip is a 
common complaint. Most patients have no symp
toms at rest. The typical finding at examination is 
localized tenderness over the lateral humeral epi
condyle. Dorsiflexion of the wrist against resist
ance is painful. In more severe cases there is a soft 
tissue swelling overlying the epicondyle.

The prevalence of lateral epicondylitis has been 
studied in a number of cross‐sectional studies indi
cating significant risks related to repetitive and man
ual work (190–194). Other studies do not support 
this finding (195, 196). No studies of the prevalence 
of epicondylitis among farmers are known.

The lesion usually heals untreated if harmful 
activity is eliminated. Physiotherapeutic measures 
are often helpful, especially stretching (197). 
NSAID may be helpful and in more established 
cases a localized steroid injection is effective. 
Repeated injections may be problematic and the 
effectiveness may decline. In chronic cases surgery 
may be recommended. To prevent further prob
lems a brace for the forearm is useful to alter the 
leverage on the forearm muscles. It should be used 
only during activities (198). The long‐term prog
nosis is good over the course of 2–3 years (193).

Medial epicondylitis is a similar condition but 
is much less prevalent. It is also called golfer’s 
elbow but mostly occurs in people who have never 
played golf. Pain is experienced over the medial 
elbow and may radiate distally. Wrist movements 
are painful. Symptoms are mostly not as severe as 
experienced in lateral epicondylitis. Management 
is similar to that outlined for lateral epicondylitis.

8.6.2 Olecranon Bursitis
Olecranon bursitis presents as a localized swelling 
over the olecranon process of the elbow. It is a 
common condition and can result from trauma. 
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The trauma may be direct or repeated following 
recurrent friction and pressure. Penetration of the 
bursa may result in an infection. Some patients 
do not manifest symptoms other than the swell
ing; others have pain and localized tenderness. 
Two common generalized conditions, gout and 
rheumatoid arthritis, may be associated with 
olecranon bursitis.

Signs of increased warmth suggest infection. 
After infection has been ruled out, a corticoster
oid injection into the bursa usually is beneficial. 
A protective pad to avoid re‐injury may be rec
ommended to those involved in activities that 
irritate the bursa.

8.6.3 Flexor Pronator Syndrome
The median nerve may be subject to entrapment 
in the cubital tunnel (199) and because of hyper
trophy of the pronator teres muscle in the forearm 
(Figure 8.8) (200). This syndrome has been related 
to playing musical instruments (201). It is also 
found among female cow milkers who report fre
quent problems from the forearms (183). Sensory 
and motor manifestations may arise, but usually 
the symptoms are mild with some weakness and/or 
diffuse pain. The sensory disturbances may be 

similar to carpal tunnel syndrome. Local infiltra
tion of steroids or anaesthetics may be used. In 
chronic or refractory cases surgical exploration 
might be indicated.

8.6.4 De Quervain´s Tenosynovitis
Two of the tendons to the thumb, the abductor 
pollicis longus and the extensor pollicis brevis, pass 
in a common synovial sheath in a bony groove 
across the styloid process of the radius. At this 
point a stenosing tendosynovitis sometimes 
appears, related to repeated or heavy friction. 
De  Quervain described the condition in the 
19th century. The typical patient is a middle‐aged 
female or a young mother with a child (202). 
Women milking cows and working with garden
ing might be at risk. Instant or repeated use of the 
thumb may start an inflammation of the tendon 
sheath resulting in a thickening and constriction of 
the two tendons.

Pain is associated with a pinch grip and may 
radiate proximally and distally. Pain is easily dem
onstrated at resisted contraction and on stretching. 
A positive Finkelstein’s test is a reliable sign (flexion 
of the thumb across the palm in combination with 
ulnar deviation of the hand at the wrist generates 
pain.) Swelling and crepitus over the affected area 
are sometimes noted. X‐ray will differentiate de 
Quervain’s tenosynovitis must be separated from 
osteoarthritis of the first carpometacarpal joint.

Some patients do not need any special therapy, 
and rest from aggravating movements will benefit 
the patient. Anti‐inflammatory drugs may be 
prescribed. Corticosteroid injection is helpful in 
most cases. Surgery is indicated only in those 
patients who have recurrent symptoms.

De Quervain’s tenosynovitis should not be 
confused with intersection syndrome, which is a 
painful condition that affects the radial side of 
the forearm close to the wrist due to inflamma
tion of the muscle bellies of the abductor pollicis 
longus and extensor pollicis brevis as they cross 
over the extensor carpi radialis longus and the 
extensor carpi radialis brevis. The mechanism of 
intersection syndrome injury is usually repetitive 
resisted extension, as with rowing, weight lifting, 
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Figure 8.8 compression of the median nerve 
during its passage through the pronator teres 
muscle.
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or gardening. Rest is the best treatment, sup
ported with a wrist brace for some days.

8.6.5  Ulnar Nerve Entrapment 
or Compression

The most common site of ulnar nerve compres
sion is behind the elbow where the nerve passes 
behind the medial epicondyle (199,  203). An 
additional location of entrapment can result from 
repeated pressure on the palm of the hand, which 
can cause a compression of the ulnar nerve at the 
wrist. The latter is reported in bicycle riders after 
gripping the handlebars for long periods, and in 
workers frequently using a hammer. In addition, 
the nerve might be compressed at Guyon’s canal. 
Symptoms are mainly sensory with pain, numb
ness, and paresthesiae. Diagnosis might be con
firmed by nerve conductivity tests. Resting the 
elbow or hand is the first step in management. An 
injection of corticosteroids might be given, and 
in severe cases surgery is indicated.

8.6.6 Trigger Finger
Stenosing tenosynovitis of the fingers or the thumb 
occurs as a result of nodule formation within a 
flexor tendon. Movement is restricted although the 
nodule usually is small. The finger is often locked 
and to unlock the finger the patient may extend it 
passively. A sudden snapping or “triggering” may be 
felt. As this occurs repeatedly, the tenosynovitis 
progresses so that the movements will be even more 
difficult. The formation of the nodule may be a 
complication to a simple tenosynovitis related to 
frequent grasping of hard objects. Tenosynovitis 
and nodule formation may also be related to rheu
matoid arthritis and to diabetes (204, 205). Often 
surgery to incise the thickened tendon sheath is 
needed. Sometimes an injection of corticosteroids 
at the site of the lesion provides some relief.

8.6.7  Fractures and Nonunion  
of the Scaphoid

A young person falling on his or her outstretched 
hands may suffer a fracture of the scaphoid. The 
same type of trauma in the elderly probably will 

generate a Colle’s fracture. X‐rays must be con
ducted carefully. If the radiography is negative, 
the wrist should be immobilized for a week and 
repeat x‐rays obtained. In case of a fracture, 
immobilization is needed for 4 months. A non‐
union may generate symptoms long after the 
original injury. Surgical treatment is often neces
sary to deal with non‐unions.

8.6.8 Carpal Tunnel Syndrome
Carpal tunnel syndrome (CTS) is a common dis
order. The finger flexor tendons, the radial artery, 
and the median nerve pass through the carpal 
tunnel, which is a fibroosseous channel, bounded 
by the carpal bones and the transverse carpal liga
ment (Figure 8.9). The median nerve innervates 
the muscles of thumb opposition and is sensory 
to the first three fingers and half the fourth 
(Figure 8.10).

CTS is produced by entrapment of the nerve 
as it passes through the tunnel. CTS was first 
described in 1947 by Brain and others (206), and 
further described by Phalen and others (207, 208). 
The associations between CTS and pregnancy, 
rheumatoid arthritis, myxoedema, gout and dia
betes have been known for some time (209). The 
apparent common anatomic feature to the vari
ous etiologic factors of CTS is the (inflammation 
related) thickening of the sheath surrounding the 
flexor tendons. Anatomic abnormalities and con
ditions after traumatic injuries such as Colle’s 
fracture have also resulted in median neuropathy 
(210, 211). A significant relation between CTS 
and obesity has furthermore been demonstrated 
(suggesting the reason for the recent increase in 
CTS) (212, 213).

Numerous studies have demonstrated a strong 
relation of CTS to work (214, 215). Repetitive 
work, especially in combination with vibration, 
has been associated with CTS (216–221). Other 
studies have revealed continuous and powerful 
gripping to be an etiologic factor (222, 223). As 
with other musculoskeletal injuries, psychologi
cal and psychosocial factors may affect com
plaints of CTS (213), especially since worker’s 
compensation is a frequent question regarding 
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CTS. Repetitive keyboard use is probably the 
most reported precipitating factor in litigation 
cases but the evidence for that kind of exposure as 
a causal factor is weak (224).

In farming relevant risk factors for CTS include 
being a middle‐age female. Cow milking appears 
to be a risk for CTS (13) as is professional sheep 
shearing (14). Generally the patient suffers from 
pain and paresthesia in the region innervated by 

the median nerve (Figure  8.10). Pain is usually 
more severe at night. It may radiate up the arm 
and commonly disturbs sleep in early mornings. 
Most patients report the need to shake or move 
their hands or arms to make the pain and numb
ness abate. The diagnosis should never be delayed 
until signs of motor dysfunction appear.

Phalen’s sign may be positive (hyperflexion of 
the wrists for a short period provokes paresthesias 
or dysesthesias in the median distribution). 
Tinel’s sign (tapping over the area of entrapment 
provokes paresthesias) may also be positive. 
Durkan’s or the closed fist test (applying a defined 
pressure direct over the carpal tunnel) (225) is 
considered to have the best combination of sensi
tivity and specificity of the three office‐based tests 
(226). The definitive diagnose of CTS is based on 
of slowing of the nerve conduction velocity across 
the carpal tunnel. Prompt relief after injection of 
a steroid into the carpal tunnel may be used as a 
diagnostic tool. Signs of disturbed motor func
tion are late symptoms (227).

If underlying medical conditions such as obe
sity, diabetes, or rheumatoid arthritis are identified 
these should be properly treated. Reduction of 
provocative work activities may require movement 
to another job or work modifications. In the early 
stages this may be the only measure necessary. 
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Figure 8.9 The carpal tunnel. S, scaphoideum; L, lunatum; T, triquetrum; P, piriformis.
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Figure 8.10 The sensory distribution of the 
median nerve.
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Injection of a steroid gives relief for only a limited 
period. Many patients are referred for surgery.

8.6.9 Dupuytren’s Contracture
Dupuytren’s contracture is a fibrous proliferation 
in the palmar fascia of the hand and sometimes 
the plantar fascia of the foot. The proliferation 
results in a progressive thickening and contrac
ture. The skin becomes hypertrophic (228). The 
affected fingers develop a flexion deformity and 
cannot be extended. The etiology is unknown, 
but a number of conditions such as epilepsy and 
chronic alcoholism are associated with Dupuytren’s 
contracture (229). Some observations indicate 
that multiple minor traumatic injuries may be 
etiologically associated with development of this 
condition (230, 231). Genetic factors are proba
bly the paramount factors in this condition. 
Surgery is the only therapy.

8.6.10 Ganglion
A ganglion cyst is a fluid‐filled swelling expanding 
from a joint or a tendon sheath. These cysts are 
commonly found at the dorsal part of the wrist, 
but sometimes also on the volar aspect of the wrist 
or around the ankle. They are more common 
among young women. Ganglions are mostly pain
less and may be easily observed as they protrude 
over the dorsum of the hand. Sometimes ganglions 
are not visible and they may also be painful in 
these cases. Many ganglions disappear without any 
special measure. They may be punctured and the 
fluid aspirated, or viscous fluid may be displaced 
by firm manual pressure. In chronic cases surgery 
to remove the sac may be required. Physical and 
repetitive work has been related to the genesis of 
ganglions and their progress (164, 232).

8.6.11  Herbeden–Bochards 
Osteoarthritis

Osteoarthritis of the finger joints is a very com
mon problem among elderly women. The English 
physician William Heberden first described it in 
the 18th century. The degenerative process often 
starts in the distal inter‐phalangeal joints but may 

progress to most of the small joints of the hand. 
The condition is usually believed to be a heredi
tary form of osteoarthritis, and it is much more 
common among females. In most cases no treat
ment is required, and only in extreme cases is 
work capacity reduced.

8.6.12  Osteoarthritis of the First 
Carpometacarpal Joint

Osteoarthritis of the first carpometacarpal joint 
(CMC I) is a very common disorder. The cause is 
unknown in most cases and very often the osteo
arthritis is asymptomatic. Some patients, how
ever, have pain when using the thumb and 
differential diagnosis may include de Quervain’s 
disease. A relation to exposure in farming has 
been reported. Older farmers often relate injuring 
their thumbs on the tractor steering wheel before 
improved steering mechanisms for tractors were 
introduced in the late 1940s. The direct mechan
ical link between the tractor wheels and the steer
ing wheel in old tractors sometimes made the 
steering wheel rotate quickly and unpredictably 
with great force when the tractor hit a bump. The 
driver could catch his thumb on the wheel, caus
ing injury. It is possible that this common “his
torical” trauma may be related to later problems 
of osteoarthritis of the thumbs.

Plain‐film x‐rays will demonstrate the diagno
sis. An orthosis to immobilize the thumb may be 
helpful. NSAID may also be helpful. A few 
patients have more recurrent difficulties and more 
pain. They may be candidates for surgery, mostly 
an arthroplasty.

8.7 Injuries of the Hip

8.7.1 Trochanteritis
The greater trochanter of the femur is the site of 
powerful muscles (gluteus medius and gluteus 
minimus). A bursa is located between the two 
muscles, and a second bursa is located between 
the gluteus medius and the tensor fascia lata 
(Figure  8.11). Inflammatory reactions such as 
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bursitis and tendonitis and/or enthesopathy are 
common soft tissue lesions in this region and it is 
often difficult to distinguish between the differ
ent locations (bursa, tendon, tendon insertion). 
Often there is a combination of inflamed struc
tures. Pain and tenderness are located to the lat
eral aspect of the trochanteric area, and in more 
severe cases the pain may radiate distally. The 
problems may follow a direct trauma (233), but 
more commonly there is a gradual onset. 
Trochanteritis is related to sporting activities 
(e.g., football or rugby) but it is also reported in 
the middle‐aged and elderly, often overweight 
females (234).

Tenderness is characteristically localized over 
the trochanter and is palpated with the patient 
lying on the unaffected side. Pain may be repro
duced by resisted contraction of the muscles. 
Arthritis of the hip joint is excluded by radiogra
phy. Physiotherapy in combination with NSAID 
may be helpful, and the patient should rest from 
activities that produce pain. An injection of a cor
ticosteroid in combination with local anesthetic 
may also help the patient.

8.7.2 Osteoarthritis of the Hip
Osteoarthritis of the hip can result from several 
factors, including (1) congenital hip disease, (2) 
Legg–Perthes disease, (3) slipped upper femoral 
epiphysis, and (4) trauma with fracture engag
ing the femoral head or the acetabulum. A rela

tively large number of studies have demonstrated 
a relationship between osteoarthritis of the hip 
and farming (8–10,  235,  236). A comparison 
of colon roentgenograms and urograms on far
mers to an urbanized population demonstrated 
a ten‐fold overrepresentation of osteoarthritis 
among the farmers (11). The high risk of osteo
arthritis of the hip among farmers has been pro
posed to be associated with tractor driving 
(237). However, another study demonstrated a 
significant risk of osteoarthritis associated with 
animal contacts (dairy farming and swine pro
duction) with no special risk to tractor drivers 
(12). In some rural areas, osteoarthritis of the 
hip is such a common disorder that most farm
ers know one or more fellow farmers with the 
disease. Osteoarthritis of the hip in relation to 
other occupations has been investigated 
(9,  238), but farming has shown the highest 
consistency in results.

Osteoarthritis of the hip as well as the knee 
is also related to obesity and negatively related 
to osteoporosis (239). Smoking is also nega
tively associated with osteoarthritis (8,  240). 
Osteoarthritis is a disease of the articular carti
lage. The cartilage surface degenerates with 
fibrillation, fissures, and a general loss of carti
lage. A low‐grade inflammatory reaction occurs 
(241, 242) and as the disease progress the sub
chondral bone is affected and osteophytic 
changes appear at the margin of the cartilage. 
In severe cases the cartilage has disappeared, 
bone attrition is established, and the bone 
structure degenerates. The disorder may be 
one‐sided at first but often the other hip joint 
is affected later.

Pain is first noticed in the groin and anterio
medial part of the thigh. The onset is insidious. 
The correlation between the radiological changes 
and the degree of pain is not consistent. Most 
patients first notice problems after they have 
been walking on rough ground, in snow, or dur
ing some unaccustomed activity. Later the 
patients may have pain not only during activity 
but also at rest and during the night. Initially the 
patient observes only slight restriction of move
ment, but this progresses and bending at the 

Gluteus minimus

Gluteus medius

The trochanteric bursa

Tensor fascia lata

Figure 8.11 The trochanteric bursa.
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waist becomes difficult, especially in the morn
ing. Patients may have problems putting on 
socks or tying shoelaces. Tolerable walking dis
tance is reduced, and the patient develops a limp. 
The rate of impairment is variable. Some patients 
pass from first symptoms to surgery in a 2‐year 
period while others just have small problems for 
decades. In severe cases the range of motion is 
restricted in all directions and often there is a 
reduction of leg length. A plain‐film x‐ray gives 
the diagnosis (Figure 8.12).

In early cases the patient may be helped by 
NSAID therapy. Physiotherapy and systematic 
exercise reduce the functional problems and 
prepare the patient for a more rapid recovery 
when surgery is performed (243). If the patient 
is obese, weight loss is desirable. In severe cases 
a total hip replacement operation is the standard 
procedure.

After hip replacement surgery, most patients 
rapidly recover. Their pain is gone and the range 
of motion in most cases is dramatically restored. 
Farmers are anxious to return to full‐time work 
following surgery. This may be problematic and 
most orthopedists recommend that the patient 
takes a low‐risk, physically light job to avoid 
problems with the prosthesis.

8.8  Injuries of the Knee, Ankle, 
and Foot

8.8.1 Knee Ligament Injuries
Ligament sprains and strains are common soft 
tissue injuries prevalent in athletic workers. 
Farmers active in handling cattle or pigs are at 
risk of these injuries. Knee injuries are also fre
quently reported in dairy farmers who work daily 
directly with 600–700‐kg livestock. Accurate 
diagnosis of knee ligament sprains is difficult. 
MRI and arthroscopy may be essential tools.

Long‐term difficulties may be related to 
untreated ligament injuries (244). Rupture of the 
cruciate ligaments may not be properly diagnosed. 
Defects may result in a feeling of instability, pain, 
and a secondary development of osteoarthritis. 
Patients with knee instability usually report a pre
vious trauma, but not always. Patients with 
chronic knee problems related to ligament injuries 
should be referred to orthopedic surgeons and 
specialists in sports medicine.

8.8.2 Bursitis of the Knee
Working on the knees (e.g., milking cows, repair
ing machinery, cleaning etc.) or a direct blow can 
produce a prepatellar bursitis. The prepatellar 
bursa as well as the infrapatellar bursa is exposed to 
pressure in many types of jobs. Localized swelling 
with no warmth is noted in the front of the patella. 
The treatment is usually symptomatic. Aspiration 
may be done but often the bursa refills quickly.

8.8.3 Chondromalacia Patellae
A softening, fibrillation, and roughening of the 
under‐surface of the patellar articular cartilage 
is  called chondromalacia. The pathological 
changes differ from those of osteoarthritis (245). 
Chondromalacia is generally not a progressive 
disorder.

Chondromalacia patients report pain as a deep‐
seated ache in the retropatellar area. Sitting for a 
prolonged time in cars, planes, or tractors with the 
knee flexed is problematic. The patient may have to 

Figure 8.12 Plain‐film x‐ray of the pelvis and 
hip joints showing osteoarthritis of the left hip joint. 
(Source: Department of Radiology, central Hospital, 
Wexiö, Sweden.)
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get up and walk around for a while. Stiffness and a 
sensation of instability of the knee are frequently 
reported. Exercises to strengthen the quadriceps are 
essential therapy. Stretching may also be helpful 
and activities that can provoke pain should be 
avoided. NSAIDs may be given. The long‐term 
prognosis is good. Other forms of retropatellar dys
function may need to be differentiated by use of 
MRI or other diagnostic procedures (246, 247).

8.8.4 Injuries of the Meniscus
Tears of the meniscus are a common injury 
among males between 20 and 30 years of age. 
Tears may occur in any type of sports, most com
monly contact sports. Farmers handling cattle 
(especially dairy farmers) are at risk, as well as 
those in occupations with prolonged squatting or 
kneeling, and the elderly (degenerative changes). 
Frequently patients with defective meniscus do 
not remember any specific trauma related to their 
injury. Symptoms of meniscal injuries of may 
arise long after the initial trauma.

A history of the knee “locking up” is characte
ristic. This indicates that a fragment of the menis
cus is trapped between the condyles of the femur 
and tibia, preventing further motion. Some patients 
report painful “clicks” when they walk or a “snap
ping” sensation. Swelling in the knee is often 
 present and the patient commonly has a feeling of 
instability of the knee. Quadriceps atrophy is a 
common finding. MRI or arthroscopy confirms 
the diagnosis. Most patients are effectively helped 
by arthroscopic surgery. Injuries of the meniscus 
and/or excision of the meniscus predispose to later 
development of osteoarthritis (248, 249) therefore 
early surgical repair may reduce osteoarthritis in the 
affected joints in later years.

8.8.5 Baker’s Cyst
Baker’s cyst (popliteal cyst) in the popliteal fossa 
communicates with the synovial cavity of the 
knee. Inflammation of the knee, which generates 
excess synovial fluid, may therefore result in 
swelling of the popliteal fossa. The patient reports 
a feeling of tension in the back of the knee and 

sometimes pain. Examination and treatment of 
this condition should focus on the knee joint.

8.8.6 Osteoarthritis of the Knee
Farmers appear to be at elevated risk of degenera
tive osteoarthritis of the knee (9, 250) although 
results have not been reproduced in all studies 
(251, 252).

Osteoarthritis of the knee is a prevalent disorder 
among the elderly. As farmers are often elderly, 
they often have osteoarthritis‐related knee symp
toms. The condition is more common among 
women and there is a strong relation to obesity 
(249, 253). Previous injuries such as tears of the 
meniscus, ligament sprains, and knee instability 
may all contribute to future osteoarthritis of the 
knee. The process may start in any of the cartilage 
areas and eventually expand to all of these com
partments. Medial tibiofemoral osteoarthritis is 
the most common form (Figure 8.13).

Figure 8.13 Plain‐film x‐ray of the left (sin) 
knee  showing osteoarthritis of the knee. (Source: 
Department of Radiology, central Hospital, Wexiö, 
Sweden.)



Chapter 8 Musculoskeletal Disorders 315

Many occupations have an increased risk of 
osteoarthritis of the knee, including mining, 
dock work, and shipyard work (254–256). Work 
that requires squatting, sitting, or kneeling has 
been related to osteoarthritis of the knee 
(257–259).

Osteoarthritis of the knee has pathology simi
lar to osteoarthritis in other major joints. In severe 
cases of knee osteoarthritis a varus (or valgus) 
deformity may develop. A disparity in leg length 
may follow and the patient may acquire a limp. 
The disorder may be in one leg first, but often the 
other knee joint is affected later. As the degenera
tive process progresses, the knee starts to deform. 
Excess synovial fluid resulting in swelling and 
crepitus is a common finding. Movement of the 
joint is restricted.

Plain‐film x‐ray is useful for diagnosis, but it 
should be carried out while standing so as not to 
miss the narrowing of the cartilage space. In early 
cases, tears of the meniscus, chondromalacia, or 
loose pieces of the cartilage in the joint space may 
be included in a differential diagnosis.

Physical therapy and activity are important to 
maintain the quadriceps muscle capacity and the 
stability of the joint (260). Weight loss is necessary 
if the patient is overweight. Anti‐inflammatory 
drugs may be used as well as localized steroid 
injections. A brace for the knee may be used tem
porarily. Several surgical interventions are often 
very successful. In cases with a significant and 
dominating medial tibiofemoral osteoarthritis, a 
wedge osteotomy may help the patient for many 
years. In other cases a unilateral or total knee 
replacement arthroplasty is the best option.

8.8.7 Ankle Sprains
Ankle sprains and malleolar fractures are common 
in farming after slipping on icy or muddy ground 
or during a struggle with cattle or horses. The 
ankle is supported by a large number of ligaments 
connecting the tibia and fibula with the talus and 
calcaneus. The ligament most often injured is the 
anterior talofibular ligament, but often several of 
the ligaments are sprained. A sprain is often com
bined with a malleolar fracture. Plain‐film x‐rays 

can rule out a fracture (but it may take several 
views and an experienced reader to identify an 
ankle fracture). Pain may vary from minimal to 
severely limiting walking. Local swelling and ten
derness are found at the site of ligament damage. 
If not properly treated, ankle fractures and com
plicated ligament injuries may result in the devel
opment of osteoarthritis and other disabling 
conditions.

8.9  General Disorders, Infections, 
and Reactive Arthritis

Rheumatoid diseases are alterations of the 
immune system for which the complete etiologies 
are not fully known. Exposure to certain 
microbes, hereditary factors, certain occupational 
activities, and certain organic dust exposures are 
possible risk factors related to rheumatoid arthri
tis (261, 262). No studies have been found indi
cating any association between farming and 
rheumatoid diseases. Rheumatoid arthritis – and 
in some instances possibly psoriasis – is a chronic 
disabling disease.

8.9.1 Inflammatory Bowel Diseases
Ulcerative colitis and Crohn’s disease are both 
chronic inflammatory bowel diseases that some
times are accompanied by arthritic symptoms 
(263). A special relationship between Crohn’s dis
ease and ankylosing spondylitis has been 
described (264). It has also been shown that 
Crohn’s disease is more common among people 
engaged in sedentary work (265,  266) and less 
prevalent among farmers (267). The predicted 
mortality risk for farmers is 30% below that for 
comparison populations.

8.9.2 Reactive Arthritis
Reactive arthritis is classically seen following 
infection with enteric pathogens such as 
Salmonella, Shigella, Campylobacter, or Yersinia. 
Other pathogens may also sometimes generate 
arthritic symptoms (268,  269). The etiologic 
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mechanisms may be related to those previously 
discussed for ankylosing spondylitis (270). Many 
of these infectious agents may be found in a farm
ing environment. Most concerns are a veterinary 
responsibility but all these infections may also be 
a zoonotic risk (271, 272).

In children younger than 10 years, post‐infec
tive arthritis may be more severe than the enteric 
infection (273). Symptoms of arthritis may arise 
a few days to a month after the onset of gastroin
testinal symptoms. Often the symptoms persist 
for months. Joint abnormalities are reported 
more often in Scandinavian countries than in the 
United States (274, 275). Arthritic complications 
are more common and more severe among 
 individuals who have the HLA‐B27 histo‐ 
compatability type. Patients with autoimmune 
abnormalities and arthritis symptoms should be 
screened for serologic or cultural evidence for a 
Yersinia infection (276).

Direct septic infections caused by Yersinia and 
Salmonella are occasional causes of spondylitis and 
focal osteomyelitis (277). Salmonella osteomyelitis 
may involve any part of the skeleton but most 
commonly affects the long bones, the chondroster
nal junctions, and the spine. Persons with sickle 
cell disease or prosthesis are at special risk (278).

8.10  Prevention of Musculoskeletal 
Disorders

The prevention of agricultural musculoskeletal 
disorders associated with agricultural work is 
challenging at best due to the variety of the work, 
the variable nature of the commodity handled, 
and the work environment. However, the princi
ples of ergonomic assessment can be applied to 
agricultural tasks to reduce ergonomic risk fac
tors. Assistance by occupational health and safety 
specialists, agricultural health and safety research 
centers, or university Extension in assessing 
equipment and work practices can be helpful in 
preventing musculoskeletal disorders. The 
National Institute of Occupational Safety and 
Health (NIOSH) has published Simple Solutions 
for Agriculture: Ergonomics for Farm Worker 

(http://www.cdc.gov/niosh/docs/2001‐111), 
which highlights various modified tools such as 
lifting stands, carts, pallet systems, and manure 
scraper systems for nurseries, animal production, 
and vegetable and berry production. Ongoing 
research into other ergonomic designs include 
hand grips for nursery tools, pneumatic shears for 
pruning fruit trees, back support for ground crop 
harvesting, weeding tools, tub size for grape har
vest, carts to move cattle feed bags, and support 
belts for fruit‐picking buckets to name just a few 
(279). Other important interventions include 
rest breaks and position changes in repetitive 
work such as fruit and berry harvesting, and cul
tivating and meat packing.

8.11 Summary

Knowledge of the work of farmers is important to 
enable healthcare providers to understand and help 
their patients with physical work‐related problems. 
Musculoskeletal disorders and pain are the most 
common reasons for doctor visits among farmers. 
The symptoms are often related to specific tasks. 
The risk for static and/or repetitive work is signifi
cant in many modern farming operations and more 
common along with increasing specialization.

A large number of reports over the years have 
indicated a risk of low back pain among farmers 
often related to tractor driving (2–6). However, 
most of these studies have been unable to ascribe 
causality. Further research and longitudinal studies 
are needed for a better understanding of work‐
related low back pain among farmers.

Psychosocial issues (depression, family difficul
ties, and economic problems) may predispose to 
chronic pain. The point is that the health profes
sional may be challenged to determine work‐
related injuries in the absence of objective signs of 
physical injury or disease. Psychosocial conditions 
may be important etiologic factors of chronic pain 
or effect modifiers.

Intervertebral disk degeneration is common. 
A  common belief is that disk degeneration and 
disk hernia (with or without sciatic symptoms) 
emerge because of heavy work, heavy lifting, or 
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turning or twisting at the waist. However, research 
involving workers in traditionally heavy jobs 
shows that they have fewer back problems and less 
sick leave due to sciatica than a comparison popu
lation. Numerous studies have failed to show a 
relation between mechanical stress on the back 
and degenerative disk changes. Other studies have 
found only a weak relation between disk degen
eration and occupation. Almost half of the general 
population of middle age and beyond have MRI‐
objective disk changes. One‐third of individuals 
without symptoms have disk changes, and 50% of 
those with symptoms have normal MRIs.

A relatively large number of studies have dem
onstrated a relationship between osteoarthritis of 
the hip and farming (2 to 10 times increased risk 
among farmers). The etiologic mechanisms are 
not known, but has been proposed to be associ
ated with tractor driving. However, one study 
demonstrated a significant risk of osteoarthritis 
associated with animal contacts (dairy farming 
and swine production) with no special risk to 
tractor drivers. In some rural areas, osteoarthritis 
of the hip is such a common disorder that most 
farmers know one or more fellow farmers with 
the disease. Osteoarthritis of the knee may also be 
a common disorder among farmers. Osteoarthritis 
of the hip and knee as well as degenerative back 
disorders may all be related to chronic inflamma
tory processes. These processes may be due to 
exposures in farming other than physical load.
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Chapter

9

Noise and Hearing Loss

9.1 Introduction

Traditionally, safety programs have focused on 
protection of the fingers, feet, arms, and lungs, 
with protection for the ears a much lower prior
ity. Hearing has been called the “forgotten sense.”

Occupational hearing loss can be caused not 
only by continuous exposure to noise but also by 
head injuries, explosions, thermal injuries such as 
slag burns, or exposure to ototoxic substances. 
Long‐lasting exposure to noise in excess of 85 
decibels (dB) is by far the most common reason 
for occupational hearing loss.

Awareness of work‐related hearing loss among 
farmers emerged along with the implementation 
of new agricultural technologies. The hearing 
damage caused by high‐intensity and/or steady 
noise is sometimes called a second‐order conse
quence of technology. Farmers and lumberjacks 
used to work with tractors, harvesters, chainsaws, 
and other engines without any protection 
(Figure  9.1). In private workshops, they have 
long been exposed to high‐intensity impulse 
sounds without any prevention equipment or 
knowledge of the risks. Fans, dryers, and mills 
also generate hazardous noise. Even work with 

animals, especially manual feeding of pigs, may 
be related to excessive noise exposure.

Non‐occupational activities like driving cars, 
motorbikes, and lawnmowers can also contribute 
to excessive noise exposure, along with sound 
from radios or other personal listening devices 
with the volume raised so they can be heard over 
the noise from a tractor engine, noise that may 
last through long workdays. Finally, farmers hunt 
and shoot more than people in the general popu
lation, and impulse sounds from gunshots repre
sent a significant risk factor for both temporary 
and permanent hearing loss.

Very few studies (1) of individual noise expo
sure (dosimetry) in farming and forestry have 
been reported. It is difficult to map noise expo
sure in a farm where the work environment in 
terms of noise is diverse and constantly changing. 
The best method is to describe typical jobs and 
the related noise burden. One study of Swedish 
farmers revealed that 90% had some degree of 
impaired hearing and of those 14% had suffi
ciently extensive hearing loss to qualify as a 
hearing impairment (2). Other studies have sub
stantiated that hearing loss is common among 
farmers (3, 4). Later studies (1, 5, 6) indicate that 
the situation may be improving because of 
improved machinery design. However, in most 
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countries there still are no broadly deployed 
 hearing protection programs for farmers.

9.2  Noise, Definitions, and 
Measurements

Sound is waves or alternating sequences of com
pression and rarefaction of particles within an 
elastic medium such as air. Noise is unwanted 
sound. Sound level or intensity may be measured 
as sound pressure level (Lp) and expressed in deci
bel units. Sound pressure level is a measure of the 
effective pressure of a sound relative to a reference 
value. By definition, 0 dB is the faintest sound 
the average normal hearing young adult can 
detect. The decibel scale is a logarithmic scale, 
which means that adding or subtracting sound 
levels cannot be done using absolute levels. If, for 
example, you add two equal noise sources with 
respective measures of 80 dB, the sum in dB is not 
160. The following formula should be used to 
determine the actual dB sound pressure:

 Lptot
Lpn10 10 10lg /

 

Inserting 80 dB in the formula for the sum of 
the sound pressure levels yields:

L
L dB

ptot

ptot

10 10 10
83

80 10 80 10lg / /

where Lptot is the total sound pressure, lg is 
the log and Lpn is the Lp for every unit (i.e. all 
individual sound pressures one wants to sum) 
included (n). Thus, adding two equal sources of 
noise raises the sound pressure level by 3 dB. If 
one of the sources is much stronger than the 
other (more than 10 dB) the above formula dem
onstrates that the weaker one may be neglected. 
In prevention practice the stronger source should 
always be removed first.

The terms “sound level” or “noise level” are 
used when measuring with a sound level meter. 
The noise meter detects primarily sound with 
respect to the wavelength the ear detects most 

Figure 9.1 Farmers and loggers have an occupational history of work with tractors, harvesters, chain-
saws, grain dryers fans, manual feeding of pigs, among other excessive noise sources. They commonly work 
without protection, as seen in this photograph of a farmer operating an old tractor without a protective cab 
and without hearing protection.
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easily (2000–5000 Hz). An A‐filter is used to 
block most noise outside of this range. The sound 
level is given in dB(A) with respect to the inten
sity perceived by the ear. The human ear can 
detect to a limited degree sound in the frequency 
interval 20–20,000 Hz. Lower frequencies are 
infrasound and higher are ultrasound. Ultra‐ and 
infrasound may affect human beings in other 
ways than affecting the ear. The frequency of the 
sound resulting from speech is primarily between 
500 and 3000 Hz (but may include sounds as low 
as 125 Hz and as high as 8000 Hz). The sound 
level or intensity of speech is 20–60 dB(A). Noise 
at the level of 120 dB is unpleasant and 140 dB is 
painful. A chainsaw generates approximately 
110 dB and a tractor between 80 and 100 dB 
outside and much lower inside a modern cab. 
There are large variations in noise relative to the 
age and quality of maintenance of the tractor.

To estimate the risk of hearing damage it is 
necessary to measure sound level, exposure 
time, and noise frequency. Noise with more 
high‐frequency sounds may be more deleterious 
than low‐frequency noise. The importance of 
assessing high‐impulse sounds should be 
emphasized (7). The first‐generation sound 
meters had no capacity to track impulse sounds, 
but modern sound meters have the capacity to 
catch very short impulse sounds. A dosimeter is 
a type of sound meter, often worn by an 
 individual worker, which continually measures 
the sound level in a work environment and inte
grates the total exposure over time, giving a 
time‐weighted average (TWA) of noise exposure 
over the work period. The work period is typi
cally an 8‐hour work day during a 40‐hour work 
week. This type of assessment is the usual way 
to determine if a worker is being exposed to 
harmful levels of noise.

9.3  How Noise Affects the 
Auditory System

Chronic noise exposure gradually impairs the 
hearing. A noise‐induced hearing loss (NIHL) 
(with appropriate work history) should be con
sidered when the hearing threshold is reduced 

25 dB or more at one or more tonal frequencies 
within the hearing range. In other words, if an 
individual is presented with a pure tone at a given 
hearing frequency that requires 25 dB or more of 
intensity to be perceived (the threshold is 
exceeded), then that is presumed to represent a 
hearing loss at that tone. NIHL generally  progress 
insidiously; an individual may not realize he or 
she has an NIHL until perception of speech is 
affected.

Exposure to loud noise for a short period of 
time produces a temporary hearing loss (a tempo
rary threshold shift, or TTS). A TTS can last for 
several hours or a day and might be experienced 
as ringing in the ears (tinnitus) and difficult hear
ing. Chronic noise exposure (months to years) 
may generate a permanent threshold shift (PTS) 
from which there is no recovery. As a TTS may 
mimic a PTS, an audiometric test should not be 
performed within a 24‐hour period after signifi
cant noise exposure.

NIHL pathology results from trauma to the 
sensory cells of the cochlea. The sensory epithe
lium of the cochlea consists of one inner row of 
stereociliated hair cells and three outer rows of 
stereociliated hair cells. The outer hair cells func
tion like an amplifier to help increase the nerve 
impulse from the inner hair cells. The hair cells 
(particularly the outer hair cells) become distorted 
or even disrupted due to oxygen radicals gener
ated from the high level of metabolic activity in 
these cells, resulting in degeneration and eventu
ally apoptosis and cell death. Normal hair cells 
generate nerve impulses to cochlear nerve fibres, 
which transmit the sensation of sound to the 
brain. Additional noise damage may result in 
degeneration of cochlear nerve fibres. Individual 
susceptibility to noise is variable due to genetic 
differences. Some individuals are able to tolerate 
high noise levels for long periods of time. Others 
can rapidly lose hearing in the same environment. 
Furthermore, for anatomic reasons related to their 
positioning in the cochlea, this loss is first typified 
among hair cells (and connected nerve fibres) that 
transmit tones in the high‐frequency hearing 
range before the speech frequencies are usually 
affected. Thus the goal should be to reduce noise 
to below 85 dB, the lower the better.
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The inner ear is partially protected by the 
activity of the middle ear muscles (stapedius and 
tensor tympani). Continual noise is dampened as 
these muscles relax with loud noise, reducing the 
impulse energy transmitted to the hair cells. 
Impulse sounds like gunshots penetrate to the 
cochlea before the normally protective acoustic 
reflexes have had time to react. Impulse noise 
exceeding 140 dB may cause immediate and irre
versible hearing loss.

Exposure to hazardous noise tends to have its 
maximum effect in the high‐frequency regions of 
the cochlea. NIHL is usually most severe around 
4000–6000 Hz. As the damage from noise con
tinues over time a broader range of frequencies is 
affected. Prolonged exposure to sounds louder 
than 85 dB is generally regarded as potentially 
injurious (85 dB average over 8 hours, referred to 
as the action level, is the “legal” maximum expo
sure as regulated by the Occupational Safety and 
Health Administration (OSHA) in the United 
States and this level is similar in most industrial
ized countries). The 85 dB level is, however, arbi
trary and consideration in setting that level was 
influenced by economic factors (i.e., further noise 
reduction might be too expensive). The 85 dB 
level is obviously not a safe level for everybody.

9.4 Symptoms and Disablement

With regard to symptoms and disability, the first 
sign of NIHL is usually a slight difficulty in com
prehending (not just hearing) speech at a dinner 
party or a meeting where many people are talking 
at the same time or there is competing background 
noise. People with NIHL hear vowel sounds  better 
than voiceless consonants. As noise affects high 
frequencies more than low NIHL patients have 
more difficulty understanding people with higher 
pitched voices (e.g., women and children).

The first loss of hearing capacity frequently 
develops around 4000–6000 Hz and is often not 
realized by the individual. Over time the loss 
expands to a wider range of frequencies. The 
majority of human speech is largely within the 
range of 500 to 3000 Hz. A significant loss of 
capacity in this area leads to a communicating 

disablement. Later in life this is often combined 
with a presbyacusis (common age‐related loss of 
hearing capacity), leading to even greater difficul
ties in perception. Because of this combination 
the progress unfortunately often proceeds even if 
the exposure to noise is reduced or dismissed.

A number of other diseases and conditions may 
also affect hearing and must be ruled out in evaluat
ing hearing impairment. Presbycusis affects mainly 
higher frequencies, with the most significant loss in 
the highest area. Hereditary hearing impairment is 
a common condition and may have very different 
character. Otosclerosis is regarded as a form of 
hereditary hearing loss. Sudden deafness or sudden 
sensorineural hearing loss is a momentary mostly 
one‐sided hearing loss of unknown aetiology. The 
character of the loss may be very different, as well as 
the prognosis. Ménière’s disease, tumours, some 
metabolic disorders like diabetes mellitus, and cer
tain medications may also affect the hearing capac
ity, as well as, of course, infections.

People who have been active in hunting and 
shooting often have more impairment on the left 
side as the source of the noise is lateralized in 
individuals who trigger with their right hand. 
Otherwise, the hearing loss in NIHL mostly is 
bilateral and symmetric.

For the future, new technology such as neural 
stem cell and embryonic stem cell transplantation 
may in coming years open up the possibility of 
the repair of cochlea hair cells (8). At present, 
however, no medical or surgical treatment is 
available to heal the effects of NIHL. The focus 
therefore must be on prevention and those with 
an established impairment must take steps to 
reduce their exposure (see below). Hearing ampli
fication may be helpful, but must be carefully fit
ted and optimized. Sometimes hearing aids can 
be of selective use, for example at a lecture or in a 
group, but may be of no benefit in a standard 
work situation (driving tractors or working with 
a chainsaw). The capacity to hear warning sounds 
in traffic or a work situation may be reduced (9). 
Warning sounds in tractors or feeding systems or 
other technical systems in farming may be 
 complemented with warning lights.

In many countries occupational hearing loss 
is compensated. However, the differentiation 
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between NIHL and presbyacusis is a problem 
and the regulations and rules differ. Efforts have 
been made to standardize the normal loss of 
hearing over time and calculate the burden due 
to occupational noise exposure (10). Another 
 complicating factor is the difficulty in estimating 
the pre‐employment hearing loss.

9.5 Tinnitus

Tinnitus is a common complication for persons 
with NIHL. Tinnitus is perceived by a patient as a 
ringing, buzzing, or chirping sound. However, this 
sound cannot be measured (11, 12). Only a minor
ity of those with tinnitus have major daily prob
lems. Some of these patients also have psychological 
or psychiatric problems, which may result from or 
be a primary cause of these sounds (13, 14).

Damage to the stereociliated hair cells, regard
less of cause, may not only generate a loss of 
hearing signals but also generate the disturbing 
buzzing. However, a large number of other (non‐
cochlea‐related) causes of tinnitus have been 
reported (trauma, multiple sclerosis, some drugs) 
and the mechanisms are not fully understood (11). 
Tinnitus in the absence of hearing loss is probably 
not related to noise exposure. Some patients with 
tinnitus may need medical assistance. Those with 
depression and/or other forms of psychological 
problems may benefit from treatment. Psychological 
counselling and changes in lifestyle in combination 
with cognitive therapy and support may help the 
patient to control and minimize the difficulties.

Selective sound sensitivity is another reaction 
to heavy noise exposure (15) often related to 
stress and fatigue in the workplace.

9.6  Hearing Loss due to 
Trauma or Toxins

A blunt head injury may cause a traumatic hear
ing loss by a fracture of the temporal bone with a 
cochlear injury. Explosions, burns, and a piece of 
welder’s slag may generate forces or penetrate the 
ear canal and damage the anatomic structures. 
It is easy to separate a conductive hearing loss 
from a sensorineural one by using a tuning fork 

(512 Hz). Traumatic membrane perforations 
usually heal spontaneously. If not, grafting the 
tympanic membrane is possible. Reconstruction 
of the ossicular chain is also possible.

Some chemical substances are ototoxic and 
may injure the cochlea. The majority of these 
substances are components of drugs (aminogly
coside antibiotics, loop diuretics, antineoplastic 
agents, and even salicylate drugs such as aspirin 
in higher does for prolonged periods of time). 
A combination of these kinds of drugs with noise 
exposure may be potentially hazardous. Patients 
under medication thus should be even more 
 cautious with respect to noise exposure.

Hearing loss may also result from exposure to 
ototoxic substances in the workplace. Some heavy 
metals have ototoxic potentials as well as some 
other substances. Organophosphate insecticides 
in the farm work environment may have an oto
toxic effect (16, 17). A combination of pesticides 
and noise thus may be hazardous. More research 
is needed in this area.

9.7 Audiometry

Pure tone audiometry is the standard method 
used by occupational health professionals to 
screen hearing and analyse hearing losses for a 
possible relationship with workplace noise. In this 
kind of audiometry the sensitivity to pure tones is 
measured at 250, 500, 1000, 2000, 3000, 4000, 
6000, and 8000 Hz for air conduction. Where 
there are differential diagnostic questions or other 
special questions a bone conduction audiometry 
might also be performed. The normal range of 
hearing is 0–20 dB at each frequency. The results 
are presented graphically in Figures 9.2 to 9.6.

Hearing detection threshold losses at a given 
pure tone frequency are generally considered to 
be mild in the range 25–40 dB, moderate at 
40–70 dB, severe at 70–90 dB, and profound 
above 90 dB. It should be noted that NIHL is 
characterized by relatively little hearing loss at 
8000 Hz due to anatomic positioning of these 
hair cells on the cochlear membrane and the 
physical forces of noise at high exposure levels. 
The resultant hearing loss “notch,” as seen in 
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Figures 9.2 to 9.4, at 4 kHz is characteristic. This 
same notch is absent in presbyacusis (Figure 9.5). 
In the case of non‐organic loss, the threshold pat
tern may not be restricted to higher frequencies 
(Figure 9.6) as typically seen with noise‐induced, 
sensorineural loss and/or presbyacusis (Figures 9.2 
to 9.5). It should be re‐emphasized that NIHL is 
typically bilateral and symmetrical.

A pure tone audiometry may also be per
formed as a Bekesy audiometry. This is a self‐
administrated audiometry in which the patient 
responds to signals by pressing and releasing a 

button. This method is frequently used in occu
pational health practice, but is generally regarded 
less reliable than standard audiometry adminis
tered by an audiologist. Bekesy audiometry may 
be combined with a computer‐supported analysis 
of the audiogram. Special programs to classify 
hearing losses have been developed (18).

More in‐depth audiometric and hearing tests, 
for example speech audiometry, speech discrimi
nation tests, and optoacoustic emission audiom
etry as well as tympanometry, are generally not 
conducted in occupational health practice. 
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Figure 9.2 Typical audiogram of mild noise‐induced hearing loss.
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Figure 9.3 Typical audiogram of moderate noise‐induced hearing loss reveal.
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Patients needing more testing should be referred 
to higher‐level care facilities such departments of 
audiology.

All audiometric tests should be performed 
with the patient placed in a sound‐insulated test 
booth that meets standards for reduction of 
ambient noise otherwise the results cannot be 
regarded as standardized and reliable.

9.8 Other Effects of Noise

Noise exposure may also have effects other than 
hearing loss (19–22), for example noise has been 
related to increases in diastolic blood pressure 

(22, 23). Noise may act as a stressor, affecting job 
performance and increasing injury risk due to 
interference with perception of speech and audi
tory signals (9, 24, 25).

9.9 Prevention

NIHL is preventable. Most Western industrial
ized countries have incorporated within their 
occupational health and safety laws regulations 
for noise exposure limits and prescribed con
trols to prevent NIHL. Generally, exposure 
above 85 dB(A) over an 8‐hour working day is 
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not permitted, for example in the United States 
OSHA laws require that remediation must take 
place if 8‐hour exposure is at 85dB or above. 
Remediation might focus on measures to reduce 
average exposure to significantly lower levels. If 
the exposures are 90 dB or above, the workplace 
can be penalized by OSHA authorities and 
a  hearing conservation program (HCP) may 
be  required. HCPs are similar among most 
industrialized countries and very prescriptive 
control measures must be implemented. These 
general control measures are discussed below. 
Complying and maintaining these program
matic steps is important in attaining effective 
sustained prevention of NIHL.

9.9.1 Definition of Noise Emissions
A successful HCP (one that complies with the 
specifications of most countries’ occupational 
health and safety regulations) includes docu
mented accurate assessment of noise exposure 
levels (26, 27). Noise must be monitored with 
properly calibrated personal noise dosimeters that 
define exposure in terms of personal TWA dose, 
which includes the defined range of frequencies 
exposed, intensity, and type (28). The individual 
must wear this instrument through the work day 

as it collects, stores, and provides the TWA expo
sure in relation to the prescribed parameters men
tioned above and relative to the noise standard 
(e.g., 85 dB, etc.). Changes in work practices and 
equipment to reduce noise will require repeated 
monitoring to document that prescribed reduc
tions have occurred. This is difficult to do in a 
farming environment as the workplace is so var
ied that it is difficult to develop a noise map that 
is relevant for more than a few days or for an indi
vidual task on a given farm.

Those working with noise reduction in farm
ing must therefore rely on information on typical 
emissions from different types of equipment, 
confinement systems, and other defined modules 
of farm work, and estimate total exposures and 
identify priority areas for reduction (26–28). 
However, there is a large degree of variability 
among machine‐related tasks on different farms 
(e.g., the noise exposure from a type of machine 
and task depends on the make, model, and con
dition of that machine and how the operator 
interacts with the machine). Quantitating noise 
exposure by time and task therefore provides very 
rough estimates in most farming environments. 
This is an area requiring further research to ena
ble more accurate estimates of noise exposure on 
farms to be obtained.
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Figure 9.6 In other cases of hearing loss (toxicity or developmental), the threshold pattern may 
not be restricted to higher frequencies, as typically seen with sensorineural loss (noise‐induced and/or 
presbyacusis).
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9.9.2 Engineering Controls
Tractors, harvesters, mills, fans, compressors, 
and other types of equipment used in farming 
are common noise sources. The most effective 
way to reduce noise is for machinery manufac
turers to include noise abatement engineering in 
the design of new equipment. However, manu
facturers of farm equipment have not historically 
had noise reduction as a high priority in the 
development of new equipment. Proper mainte
nance of the equipment is also necessary to mini
mize noise emission. Worn machinery with 
defects tends to generate more noise. To manage 
noise emission, an ambitious program (27) for 
the maintenance of equipment will not only save 
money, but also help the farmer to reduce the 
noise exposure.

9.9.3 Enclose the Noise Source
The noise source may be separated from the 
user or vice versa. Modern tractor cabs mostly 
have a good internal acoustic environment rela
tive to older tractors or tractors with no cabs. 
However, how good the environment is depends 
on the windows and doors of the cab being kept 
closed, and properly functioning door and win
dow seals. Fans, dryers, compressors, and mills 
may all be enclosed. If enclosure is not possible 
other techniques can be recommended, such as 
installing absorbents in the ceiling and walls to 
reduce echo.

9.9.4 Administrative Controls
Alternative work practices can reduce exposure 
to excessive noise (29, 30). For example, work 
can be planned so that noise sources such as fans 
and dryers may be switched off when the worker 
is in the building. Feeding of animals (especially 
breeding female pigs on limited feed) can 
 produce noise in excess of 90 dB at feeding time. 
Feeding processes should be designed such that 
the actions of the worker do not initiate a condi
tioned response to vocalize with cues to feeding, 
and thus expose the worker to excess noise. 

Often this can be done with an automated 
 feeding system, activated when workers are not 
in the building and in such a way that animal 
activity is not  stimulated too much. Alternative 
work methods might be introduced to replace 
the noisier  methods (29, 31). Reduced exposure 
time for a given employee is also an important 
administrative control principle as prolonged 
exposure to high noise levels is a fundamental 
cause of NIHL.

9.9.5 Worker Education
Farmers, lumberjacks, and employees in farming 
and forestry must understand the harmful effects 
of noise. This is a prerequisite for a successful 
HCP. Education programs might be necessary to 
help the individuals deal with existing noise 
 hazards and protect themselves (30). An occupa
tional safety and health program with recurrent 
audiometric tests provides opportunities for 
 personal training based on information on the 
individual’s hearing capacity and how this applies 
to the work environment (32).

9.9.6 Hearing Protection Devices
Often noise cannot be avoided because of cost 
and technology limitations. Workers can use 
hearing protection devices to reduce personal 
noise exposure and hearing impairment. Devices 
are available in a variety of types and qualities. 
Earplugs or “aurals” may be premolded, forma
ble, or custom molded. Earmuffs or “circumaurals” 
have a better protective effect, especially for high‐
frequency noise. In special situations a combina
tion of plugs and muffs may be indicated. Each 
type of device has advantages and disadvantages, 
and when worn properly should offer a measure
able level of noise reduction (referred to as the 
noise reduction rating). The user may need sup
port and encouragement to ensure a habit of 
 protection. The selection of appropriate, effec
tive, and acceptable hearing  protection is vital 
for compliance and usage (32). Additional details 
on  personal protective equipment are given in 
Chapter 15.
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Vibration and Injuries Related 
to Vibration

9.10 Introduction

Maurice Raynaud first described the white finger 
phenomenon in his thesis in 1862 (33). These 
intermittent blanching episodes of the fingers 
and hands are now referred to as primary 
Raynaud’s disease. Fifty years later a number of 
reports demonstrated certain occupational expo
sures could induce “white fingers” or vascular 
spasm of the fingers. The occupational exposures 
noted were the use of hand‐held vibratory tools 
(secondary Raynaud’s) (34, 35). More recent 
understanding of the effects of vibration on 
human tissues has changed from a focus on vibra
tion‐induced white finger disease to a broader 
view of the pathophysiology of vascular, neuro
logical, and musculoskeletal conditions that 
include the hands and arms: hand–arm vibration 
syndrome (HAVS) (36). This has been recom
mended as a collective term for the different 
effects of vibration energy transmitted by the 
hands and upper extremities (37).

The primary cause of HAVS is mechanical 
energy (although co‐factors may be involved) 
from an oscillating source, which transmits vibra
tion energy to body tissues (38). The frequency of 
vibration causing damage can be from 5 to 2000 Hz, 
with the most severe exposure in the 50–200 Hz 
range. Most structures have their own natural 
vibration frequency (resonance), including the 
human body (generally 50 Hz and lower). 
Resonance (resulting in amplification of that 
energy) results when vibration of a compatible 
 frequency is transmitted to another object with 
the same natural frequency. Vibration energy 
sources that have been associated with HAVS in 
farmers include mechanical tools (e.g., chain saws, 
grinders, pneumatic wrenches, and drills) and 
self‐propelled machines of all types (e.g., steering 
wheels of tractors, combines, and all‐terrain 
 vehicles). Vibrations from the handlebars of snow
mobiles used in ranching or reindeer herding are 
transmitted to the hands and arms (39). HAVS is 

a well‐documented occupational condition among 
forest workers (40, 41) as well as farmers (2, 42).

In addition to HAVS, a number of health 
problems have been attributed to whole‐body 
vibrations, including musculoskeletal, neuro
logic, and circulatory system disorders (43, 44). 
Those affected include farmers and forestry 
workers who drive tractors, harvesters, trucks, 
and other machines in which the operator is in a 
seated positon.

9.11 Hand–arm Vibration Syndrome

9.11.1 Vibration White Finger
Secondary Raynaud’s syndrome, also called 
vibratory white finger (VWF), is one of the 
components of HAVS. The typical clinical pic
ture of primary or secondary Raynaud’s diesase 
consists of episodes of patchy, sharply delineated 
blanching of the skin, mostly in those parts of 
the fingers that have been most strongly exposed 
(37). Spasm of the digital arteries elicited by 
exposure to cooling of the hand or the whole 
body or a feeling of  discomfort in a cold or 
chilly environment results in reduced blood 
flow. The fingers turn white and a decreased 
manipulative dexterity follows. Redness, some 
swelling, light pain, and paresthesias occur 
with the return of blood circulation as a conse
quence of reactive hyperthermia (Figure  9.7). 
Taylor and Pelmear developed a  classification 
system for cold‐induced peripheral vascular 
and sensorineural symptoms (45). This was 
later modified (Table  9.1) (46). Severe symp
toms are unusual. Progression to fingertip gan
grene is possible, but very uncommon (47).

The specific pathophysiology of VWF is still 
obscure. Mechanisms such as centrally mediated 
increased vasoconstrictor tone, local hypersensi
tivity to cold, occlusive vascular disease, local 
nerve injury, increased viscosity of the blood, and 
low blood pressure have been discussed (37, 48). 
Patients with advanced symptoms of VWF have 
an increased basal vascular tone in the finger 
arteries but no narrowing of the vascular lumen 
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(49). It is possible that vibration causes an imbal
ance between alpha‐1 and alpha‐2 adrenergic 
receptors, with a significant impact on the reac
tions resulting in a localized spasm (50). 
Hereditary factors as well as biochemical condi
tions and previous traumatic injuries as well as 
stress disorders may contribute to the develop
ment of VWF (51).

9.11.2  Diffusely Distributed 
Neuropathy

The diffusely distributed neuropathy observed in 
some vibration‐exposed people predominantly 
affects large nerve fibers with sensory damage 
related to the resonance frequencies of vibrating 
tools (52). Disturbed blood circulation has also 
been discussed (53) as an etiologic factor.

9.11.3 Pain in Hand and Arm
Vibration may contribute to an excessive strain of 
joints or structures around the joints, resulting in 
pain and restriction of movements. Vibration as 
an etiologic or contributing factor in osteoarthri
tis in the wrist (54, 55) as well as in the shoulder 
region has also been discussed (56, 57). However, 
wrist pain may be related to strain of joints and 
tendons more than to vibration exposure or asso
ciated with a possible osteoarthritis. Vacuolisation 
in the small bones of the hands and the forearms 
has also been reported (but not confirmed by epi
demiologic data), indicating the negative effects 
of vibration injury (58–61).

Table 9.1 The Stockholm Workshop scale: classifi-
cation of cold‐induced Raynaud’s disease in the 
hand–arm vibration syndrome (46)

Stage Grade Description

0 No attacks
1 Mild Occasional attacks affecting only 

the tip of one or more fingers

2 Moderate Occasional attacks affecting distal 
and middle (rarely also proximal) 
phalanges of one or more fingers

3 Severe Frequent attacks affecting all 
phalanges of most fingers

4 Very 
severe

As in stage 3 with tropic skin 
changes in the finger tips

The staging is made separately for each hand.

Figure 9.7 The intermittent blanching episodes of the fingers and hands are referred to as primary 
Raynaud’s disease (a hereditary or developmental condition). This condition, also called “white fingers,” is 
caused by a spasm of blood vessels supplying the hand. It may also be caused or exacerbated by occupa-
tional long‐term use of hand‐held vibratory tools (“vibration white fingers”) and it is triggered by cold 
weather conditions. (See insert for color representation of the figure.)
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9.11.4 Carpal Tunnel Syndrome
The symptoms of carpal tunnel syndrome (CTS) 
(see Chapter 8 musculoskeletal disorders) are 
caused by compression of the median nerve as it 
passes through the carpal tunnel of the wrist. 
Most people with CTS have not been exposed to 
vibration. However, tool vibration may require a 
stronger grip on the tool handle, which may 
cause a greater load on the wrist. Static work 
 during wrist flexion may also be a major factor 
contributing to the development of CTS in 
workers with handheld tools (62, 63).

9.11.5 Other Effects of Vibration
Some studies indicate that vibration may have a 
more general negative effect on muscular strength 
(64, 65). A hearing deficit has been reported that 
is not ascribed to noise exposure but is related to 
localized vibration (66). The mechanisms of these 
effects are largely unknown (67, 68).

Other symptoms related to hand–arm vibra
tion include vibration‐induced, diffusely distrib
uted neuropathy (to be distinguished from the 
polyneuropathy of other origin). It is reported as 
numbness and a small reduction in tactile sense. 
An increased risk of Dupuytren’s contracture is 
also reported (69).

9.11.6  Diagnosis and Prevention 
of HAVS

Obtaining an informed and accurate history and 
clinical picture are of primary importance in 
diagnosing vibration‐induced injury. A cold 
provocation test sometimes demonstrates the 
symptoms. Measuring the presence of vasospasm 
by recording finger systolic blood pressure in 
response to cold is another method (70, 71). 
However, there is a controversy regarding the 
diagnostic value of these tests (72). Neurological 
disturbances may be demonstrated with methods 
for assessing vibration and temperature thresh
olds (52, 73–76). CTS is verified by electro diag
nostic methods. Plain‐film x‐ray may demonstrate 
changes in joints and skeletal structure.

Differentiation of vibration‐induced “white 
finger” includes consideration of the epide
miology of the condition. Primary Raynaud’s 
 phenomenon is a common condition, especially 
among females (it affects 6% of the general 
 middle‐aged female population, perhaps higher 
(13% in Sweden) (77)). Other causes of VWF 
include trauma of the fingers or hands, frostbite, 
occlusive vascular disease (which may be related 
to smoking), connective tissue disorders, drug 
intoxication, exposure to vinyl chloride mono
mer, and several neurological disorders. To judge 
the causality of an occupational vibration injury 
necessitates a positive history of exposure (e.g., 
daily or weekly exposure of several hours, over 
several years of work) and characteristic vibration 
(e.g., vibration from causes such as hand‐held 
tools and machinery operation in the range of 
50–200 Hz (38)).

The spasm of the digital arteries and the white 
finger usually disappears in minutes or within an 
hour. Warming of the hands or the whole body 
may facilitate this. Swinging the hands or placing 
them in warm water may reduce the intensity of 
an attack. Nifedipine, a calcium antagonist, has 
been used to prevent attacks, but has not been 
very effective. In severe cases thymoxamine, 
 stanozolol, or prostaglandin E may be useful, but 
they are not used very often and the effectiveness 
has been questioned. Surgical sympathectomy 
has been tried but has not had positive outcomes 
and may aggravate symptoms. Biofeedback has 
been suggested, but results have not been con
firmed to date. The diffusely distributed neurop
athy and wrist pain have no special treatment. In 
the case of CTS surgery is a common practice.

Different steps may be taken to reduce or 
remove the risk of vibration‐induced injuries. 
Tools and other equipment should be designed in 
such a way that the risk of injuries is low. The 
redesign of the traditional chainsaw in the 1970s 
is a good example of how a risk can be reduced. In 
the early 1970s more than 30% of lumberjacks 
had problems with VWF and other HAVS‐related 
symptoms. Within a decade the risk of HAVS 
from using a chainsaw had almost gone (41, 78). 
Proper and continuous maintenance of tractors, 
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other machines, and tools diminishes the risk of 
damage by vibration exposure. The period of 
exposure should be shortened if other methods to 
reduce or avoid exposure are impractical. Special 
gloves to keep the hands warm and absorb some 
of the vibration energy may be  useful in some 
cases (79). Furthermore, keeping core tempera
ture high in cold working environments by 
appropriate warm clothing is also helpful in pre
venting episodes of symptoms. More complete 
and individualized worker training regarding 
HAVS may help in the prevention and manage
ment of the condition in those with symptoms.

9.12 Whole‐body Vibration

Exposure to whole‐body vibrations may result in 
adverse symptoms involving the musculoskeletal, 
neurologic and circulatory systems, women’s 
 urogenital system, and the spinal column. The 
human low back has a resonance frequency of 3–5 
Hz, which is a predominant frequency in many 
vehicles (80, 81). The design of the driver’s seat as 
well as the driver’s position affect the transmission 
of vibrations to the human low back (78, 79).

Research to date has not consistently demon
strated a significant vibration‐induced injury to 
the low back demonstrated as low back pain or 
sciatica (80, 81). A large number of cross‐sec
tional studies indicate a relationship between 
whole‐body vibration in combination with sitting 
and/or awkward postures (tractor driving or bus 
driving for example) and low back pain/sciatica 
but very few longitudinal or experimental studies 
are indicative (82, 83). Difficulties with stand
ardization of exposure data and “soft” or impre
cise outcome data impede the research (84). Most 
reviews and meta‐analysis, however, indicate that 
exposure to whole‐body vibration increases the 
risk of low back pain and sciatica (85).

Other studies indicate that whole‐body vibra
tion probably can contribute to disorders of 
female reproductive organs such as menstrual dis
turbances, abortions, and stillbirths. Animal 
experiments suggest whole‐body vibration may 
have harmful effects on the fetus (43).

A kind of “vibration sickness” has been 
reported by exposed workers, characterized by 
diffuse symptoms such as gastrointestinal distur
bances, nausea, decreased visual acuity, and mus
cular pain and balance disorders (86). These 
reports have not been consistent (43).

The International Organization for Standar
dization (ISO) has established guidelines for whole‐
body vibration exposure (91). Despite positive 
epidemiologic information in the face of inconsist
ent objective clinical information of the causative 
adverse effects of whole‐body vibration, it seems 
wise to make efforts to reduce exposure in terms of 
better tractors, better seats and shorter working 
time driving tractors and other vehicles (87).

9.13 Disorders due to Heat and Cold

Stress from physical work for farmers in hot or 
cold weather is unfortunately often taken for 
granted. The adverse effects on health and work 
performance of excess heat and cold temperatures 
are not always recognized. Although there are 
studies regarding heat and cold stress in occupa
tional activity, such studies are limited in a farm
ing context (88). Heat illness does occur among 
employed farm workers in the warm climates of 
the Americas and Africa (89, 90) and may also be 
a reality among farmers in temperate climates. 
Most research on the physiology of work in hot 
and cold environments is from the military and 
space industries, but this information can be 
applied to work in agriculture.

9.14 Human Thermal Balance

The human body continually works to adapt to 
its physical surroundings. The following factors 
interplay to create the thermal balance necessary 
for health comfort and optimal physiologic and 
biochemical function: surrounding air tempera
ture, radiant energy, humidity, wind velocity, iso
lation, and the vapor resistance of clothing and 
physical activity. Human thermal balance may be 
described by the following equation (91):
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M W R C K E Hres

where M is the total metabolic effect generated by 
the body, W is the mechanical effect, R is radia
tion, C is convection, K is conduction, E is evap
oration, and Hres is heat transportation by 
respiration. This equation describes an equilib
rium process to keep the body at a constant 
 temperature. For short periods the thermal 
 balance may be disrupted. For example, heavy 
work may raise body temperature by 0.5–1.0°C. 
In case of imbalance the equation becomes:

S M W R C K E Hres

where S is the heat effect stored or lost. If heat 
production is larger than heat export the body 
temperature will rise. If heat export is larger 
than heat production the temperature will fall. 
The main ways of export are via skin and 
through radiation, convection, and evaporation. 
The interrelation of these depends on the 
microclimate.

The body converts muscle energy to mechani
cal work. However, the major component of 
 cellular energy is transformed to heat. Generally, 
metabolic processes and physical activity generate 
enough heat to maintain the thermal balance. To 
compare the energy produced between different 
people, the energy production rate can be 
expressed in relation to the body surface. The 
average produced effect at rest is approximately 
58 W/m2 skin surface.

Convection, radiation, and evaporation are 
the three main ways of heat transfer from (or to) 
the human body. For convective heat transfer 
dry‐bulb temperature and wind velocity are vari
able factors. The hotter the air the less heat is 
exported. If the air temperature exceeds skin 
 temperature, the heat flow is reversed and the 
 surrounding air heats the body.

The objects surrounding the worker dictate 
radiant heat transfer. Heat is exported from the 
body to surrounding objects with a temperature 
below +35°C. Around 60–70% of body heat loss 
is by radiation to surrounding objects. Like 

 convection, radiation depends on the amount of 
the body surface area that is in contact with the 
surroundings.

Evaporation is the most efficient method of 
heat export. Evaporation is affected by humidity, 
wind velocity, and temperature. Internal physio
logical factors (circulation, rate of sweat secretion, 
sweat secretion thresholds) also affect evaporative 
cooling. A non‐acclimatized person may come 
under heat stress much earlier than a well‐adapted 
person. The wet‐bulb temperature is a good indi
cator of humidity, air temperature, and wind speed 
relative to evaporation conditions. A wet‐bulb 
temperature of +24°C or more impedes a non‐
acclimatized person. A temperature of +33°C can 
be regarded as the maximum safe work tempera
ture for an acclimatized person.

The ability to sweat and the capacity to export 
heat by sweat are a prerequisites for work in a hot 
environment. The capability to sweat varies 
among people and can be developed by acclima
tization and physical conditioning. A non‐accli
matized person may perspire 600 g of water and 
salts per hour during work. A well‐trained and 
acclimatized person can produce 1000 g per 
hour. Loose‐fitting clothing that wicks, low 
humidity, and high wind velocity all promote the 
cooling effect.

Sweat consists of water and salts. Unless loss of 
water and salts is compensated for, work capacity 
is quickly reduced. A loss of 1–1.5 liters for a 
normal‐sized person impedes capacity and endur
ance. Acclimatization to hot microclimate 
requires work in a hot surrounding for a few 
hours daily for a period of 7–9 days. The accli
matization is lost in a period of weeks if not 
maintained.

Adaptation to work in a cold surrounding is 
not as difficult as adapting to heat. A well‐trained 
person acclimatized to work in a cold environ
ment tolerates larger variations in local tempera
ture before feeling uncomfortable. There is no 
evidence for the general concept that the body 
increases metabolism to compensate for low 
 temperature (92).

Cooling of some part of the body results in 
reduced sweat production, and a localized  heating 
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in the same area generates a general increase in 
sweat production. The forehead is a strategic area 
for this effect. Physical work generates a  natural 
adaptation to work in cold surroundings. 
However, heavy physical work does not exclude 
the risk of cold injuries to the face and extremities 
when working in very cold and windy weather.

9.15 Disorders due to Heat

Heat stress is described by several specific increas
ingly serious stages of heat‐related illnesses along 
a continuum. Heat cramps, heat exhaustion, heat 
syncope, and heat stroke are listed in increasing 
seriousness of heat illnesses. Heat stroke is the 
most dangerous heat reaction, but the former 
conditions are more common, less serious, and 
may occur in any order prior to heat stroke. Skin 
disorders and infertility are other reactions related 
to heat exposure.

Some health conditions, especially conditions 
with reduced sweat production capacity or redu ced 
evaporation capacity, impede the ability to work 
(or stay) in a very hot climate. Such conditions 
include obesity, some cardiac diseases, use of alco
hol, and medications that inhibit sweating, such as 
atropine. (The latter may be used by insecticide 
applicators as a prophylactic.) Anti depressants, 
diuretics, and beta blockers may also increase risk. 
Conditions that may increase heat illness include 
those causing reduced cutaneous blood flow or 
dehydration, use of drugs or exposure to chemicals 
that increase metabolism (e.g., amphetamines and 
the insecticide/fungicide dinitrophenol), certain 
cancers, and infections. Older people do not accli
matize as well as younger people and women gen
erate more heat performing the same tasks as men.

9.15.1 Heat Cramps
A large consumption of water without salts in hot 
weather may lead to heat cramps. Low levels of 
sodium alter muscle reactions, resulting in weak
ness, slow muscle contractions, or even severe 
muscle spasms. Dizziness, malaise, and vomiting 
may be associated symptoms.

Normally the food and body reserve of salt is 
sufficient to compensate for losses when working 
in a hot environment. Drinking water (up to 1 
liter per hour) is the most important preventive 
measure when working in hot weather. Water is 
also the first choice of treatment for heat cramps. 
Salt tablets or a mild salt solution (1 teaspoon or 
6 g per liter of water) may be given, consumed 
over 60 minutes or so. However, a better remedy 
is to provide one of the balanced salts solu
tions marketed as sports drinks. Patients with 
heat cramps should be moved to a cool location. 
A  few days of rest before a return to work is 
recommended.

9.15.2 Heat Exhaustion
Heat exhaustion is a more serious condition than 
cramps. Prolonged exposure to heat in combina
tion with inadequate intake of water and salt can 
cause heat exhaustion, which is characterized by 
cardiovascular changes, fatigue, and a feeling of 
being exhausted. Thirst, headache, and weakness 
are common symptoms. The temperature exceeds 
38°C, the skin is moist, and the pulse rate is 
increased. Loss of water and salt causes a blood 
electrolyte imbalance. A progression to heat syn
cope or stroke is a risk and is indicated by an 
increase in temperature and decreased sweating 
along with possible confusion. Early recognition 
of these signs as indications of progression to a 
more serious condition, including heat stroke, 
should prompt rapid intervention measures.

After a loss of approximately 1.5% of body 
weight (~1 liter of sweat) the tolerance to heat is 
reduced, the pulse rate increases, and the risk of a 
rapid increase in body temperature is obvious. 
Cardiovascular failure is possible if the loss of 
water and salt is not compensated for and the 
mental capacity is reduced, leading to impaired 
judgement and increased risk of traumatic 
injuries.

The risk of heat exhaustion is controlled by 
continuous fluid replacement. Unfortunately, 
thirst is not an adequate indicator of the dimen
sion of water loss and as a symptom of heat illness 
lags behind the onset of dehydration. Thirst is 
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reduced even with a small intake of water. More 
water and salts than indicated by the thirst must 
be consumed.

9.15.3 Heat Syncope
Heat syncope is caused by disturbed blood distri
bution. Excessive circulating blood volume aggre
gates in the largest body organ (the skin) because 
of cutaneous vasodilatation. The result is a reduc
tion in systolic blood pressure and hypoperfusion 
of the body’s other organs, including cerebral 
hypotension, with sudden unconsciousness. Long 
periods of standing in combination with strenu
ous work in hot environments predispose to heat 
syncope. The patient should be positioned in a 
recumbent position and moved to a cooler place. 
Recovery is usually quick without any  further 
symptoms if preventive measures are rapidly and 
appropriately applied. Persons who are not accli
matized have a greater risk. Other pre‐existing 
medical conditions should be monitored.

9.15.4 Heat Stroke
Heat stroke is characterized by high body tem
perature, a lost or strongly reduced sweating 
capacity, disturbed mental activity (often mani
fest as confusion), coma, and/or convulsions (93, 
94). Blood pressure goes down and the skin is hot 
and dry. The core temperature usually exceeds 
41°C. Life‐threatening disturbance of electrolyte 
balance, disturbance of blood‐clotting factors 
(thrombocytopenia, fibrinolysis, and consump
tive coagulopathy) (95), and rhabdomyolysis may 
result in cardiac shock and permanent damage to 
the liver and kidneys.

The classic form appears among those known 
to have a reduced capacity to adjust to high tem
peratures. Exertional heat stroke results from 
heavy work in a hot environment, especially 
among those who are not acclimatized.

On‐scene emergency treatment includes 
immediate rapid reduction in body temperature 
by spraying or immersing the body in cool water 
while waiting for transportation to a hospital. 
This action should be ongoing until the body 
temperature has declined to 39°C. Emergency 

room or in‐hospital treatment should include 
continuous observation and monitoring of the 
patient for hypovolemic, cardiogenic shock, and 
reduced kidney function. The capacity to treat 
complications of kidney failure and cardiac shock 
should be on hand while administering fluid and 
electrolyte replacement, and monitoring kidney 
function and urine output (96).

9.15.5 Skin Disorders Related to Heat
Intertrigio is common among obese people. The 
skin in body folds, the groin, and the axilla 
become erythematous and macerated. Good 
hygiene is necessary (daily bathing with soap). To 
avoid further problems, weight reduction is 
highly recommended.

Heat rash (miliaria) is caused by inflammation 
and obstruction of the sweat glands and causes 
sweat retention. Symptoms vary but the usual 
appearance is multiple small red inflamed pap
ules with erythema where clothing fits tightly or 
in areas that do not dry easily, such as under arms 
and at the belt line (see Chapter 4 for details of 
this condition).

Heat urticaria is a condition with elevated 
(swollen) plaques stimulated by heat. It can be 
localized or generalized. Antihistamines may 
help. Corticosteroids are not recommended. The 
condition is self‐limiting and will dissipate in 
24–48 hours, but may leave the patient with a 
temporary pruritus at the site of the lesion.

Additional details of heatrelated skin disorders 
are seen in Chapter 4 (agricultural dermatoses).

9.15.6  Nephrolithiasis and Hot 
Environment

Some studies indicate that a chronic dehydration 
increases the risk of kidney stone disease (97). 
Chronic dehydration is mostly seen among work
ers with low water intake in a hot environment. 
One study indicated an almost fourfold risk for 
kidney stones in a group of workers in a glass 
plant in comparison with a control working group 
(98). Uric acid stones are most likely and adequate 
fluid intake is recommended to avoid problems.
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9.15.7 Infertility
Work in a hot environment for long periods is a 
well‐known risk factor for male infertility (99). 
Working in a hot environment over time contrib
utes to loss of semen quality (100, 101). A hot 
environment has also been suggested as a risk for 
cancer of the testis (102).

9.16 Disorders Related to Cold

9.16.1 Systemic Hypothermia
If the body’s core temperature is reduced to below 
35°C systemic hypothermia will occur with a cas
cading group of symptoms. Shivering starts or is 
more intensive. Working capacity is reduced as a 
result of deteriorating muscle capacity and 
reduced absorption of oxygen. Physical exhaus
tion gradually increases. As the body temperature 
declines further, confusion and apathy will be 
begin along with possible hallucinations. 
Shivering declines and stops due to hypoglycae
mia. A paradoxical feeling of hotness may arise 
and may be characterized by undressing, which 
obviously aggravates the condition.

Below a body temperature of 33°C, muscle 
function is even more limited and the cardiac activ
ity is affected due to slowed repolarization. 
Consciousness is reduced and below 30°C the indi
vidual is generally not communicable. The pupils 
are dilated and breathing is weak. Cardiac activity is 
hard to detect and the risk of cardiac arrest or ven
tricular fibrillation is evident. Death may follow.

In all cases of hypothermia the first action 
should be to avoid more cooling. If the person is 
conscious and alert, physical activity may be 
stimulated to assist personal heat production. If 
the person is wet he or she must be transported to 
a dry environment and wet clothing should be 
changed. If the patient is unconscious emergency 
transportation to hospital is urgent. It may be 
dangerous to start warming an unconscious 
 person in the field because of the risk of cardiac 
fibrillation. Unconscious patients with body 
 temperatures as low as 28°C generally recover 

completely without any permanent disability if 
complications can be managed.

The circumstances under which a person with 
hypothermia is found must be analyzed. Pre‐
existing medical conditions, problems with alco
hol or drug abuse, depression, and possible 
suicidal action as well as dementia must be con
sidered. In other cases the situation is generally 
related to unintended circumstances (falling in 
cold water) or unusual and unexpected weather 
conditions.

9.16.2 Localized Hypothermia
Localized tissue damage may develop in exposed 
parts of the body, such as the nose, ears, fingers, 
and feet, if body temperature is reduced below 
15°C due to cooling, humidity, or immobiliza
tion. This is related to localized ischemia and the 
development of small superficial thrombosis. 
Actual freezing of the tissues may also occur, 
resulting in significant damage.

The degree of a localized cold injury is related 
to the speed of cooling, depth, and surface area 
affected. In case of superficial damage, only the 
epidermis and dermis are affected. The skin is 
white and without circulation but is not adherent 
to underlying structures. Warming rapidly 
restores normal conditions. Firm skin adherent to 
underlying structures characterizes deep damage. 
Rewarming should be performed as soon as pos
sible. This can be done using warm water (40–
42°C). Higher water temperatures risk superficial 
heat damage because the skin has temporarily lost 
sensitivity.

Prolonged local cold exposure sufficient to 
damage blood vessels and permanently disrupt 
blood supply to local areas is called frostbite. 
There are variable amounts of tissue necrosis with 
frostbite, which can be mild or extensive with 
 significant loss of skin, digits, or even append
ages. In cases of severe frostbite hospitalization is 
recommended. Profound tissue damage may 
develop and the period of healing may be long 
and complicated, with ulceration and gangrene.

Chilblains or pernio is a superficial skin lesion 
due to inflammation and related to a temporary 
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exposure to cold. Prolonged exposure may lead to 
chronic pernio or “blue toes.” The acral parts of 
the toes may be erythematous and edematous 
with small ulcerating lesions.

Immersion foot is an extensive frostbite involv
ing the whole foot. It is characterized by a long 
course with chronic complications. After pro
longed cold exposure, the foot is cold to the 
touch, swollen, and cyanotic, or waxy white. 
Some days later hyperaemia occurs and the foot 
turns red, hot, more swollen, and painful. 
Localized hemorrhage and lymphangitis appear 
and in some cases thrombophlebitis and gangrene 
may follow. A month later intense paresthesias 
sometimes occur. Chronic localized cold sensitiv
ity and hyperhidrosis may be present for many 
years with immersion foot, as well as with other 
localized cold injuries.

Cold urticarial is characterized by superficial 
and/or angioedematous reaction after cold con
tact. Cold urticarial may be genetic, but acquired 
idiopathic cold urticarial is more common. 
Therapy is often difficult. There is a risk that this 
kind of urticaria may develop to an anaphylactic 
reaction at a further exposure. Patients should be 
warned against swimming in cold water and 
other dangerous cold exposures.

9.17  Climate and Physical and 
Mental Capability

Acclimatization and individual physical differences 
in tolerance to extreme temperatures are impor
tant variables in worker productivity that may 
include impaired social relations or organizational 
problems (103, 104). Ambient temperatures 
of 30°C and above have been shown to reduce 
mental and physical performance in workplaces 
(105). The decrease in performance is apparently 
due mainly to discomfort rather than excess 
physiologic strain. The effective temperature 
(ET) scale is recommended to evaluate  climate 
effects in workplaces. Wind velocity has great 
impact on the performance. Studies (106) indi
cate the following:

•	 5% drop in performance at 29°C (ET)
•	 10% drop in performance at 30°C (ET)
•	 17% drop in performance at 31°C (ET)
•	 30% drop in performance at 32°C (ET).

The comfort zone for light work with low air 
velocity, acceptable clothing, and no radiant heat 
is given by three parameters: dry‐bulb tempera
ture, wet‐bulb temperature, and water vapor 
pressure.

9.18  Prevention of Injuries Related to 
Heat and Cold

Agriculture is a highly diversified work context 
with respect to climate and comfort. Settings 
vary from tropical zones to ranching in areas 
with very cold winters, such as central Canada 
or reindeer production in the Scandinavian 
countries. In industries like farming and 
 forestry it is difficult to control heat exposure 
and cold exposure with engineering measures. 
However, in extreme climate situations, worker 
acclimatization is the first priority. Adequate 
water should be supplied, and workers should 
be fit and not hindered by medical problems or 
medications that might complicate temperature 
exposures.

Traditionally farmers have developed strategies 
to adjust working methods and appropriate 
clothing to the local conditions. Introducing new 
techniques may change the prerequisites. Tractor 
cabs, for example, may provide protection against 
dust exposure, but without air conditioning the 
local in‐cab climate may be very hot. If adaptions 
are not made to accommodate working in cold or 
hot environments, work quality and quantity are 
generally reduced. However, few studies are 
available to quantify these effects in agricultural 
contexts (104).

The US National Weather Service has devel
oped guidelines (Figure 9.8) to predict exposure 
risks according to high temperature and humid
ity (107). The cooling effect of low temperature 
depends on wind velocity; the wind chill index 
combines these two factors.
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9.19 Summary

A number of studies over the years have substan
tiated that hearing loss is common among farm
ers. Later studies indicate that the situation may 
be improving. However, in most countries there 
still are no broadly deployed hearing protection 
 programs for farmers. It is difficult to map noise 
exposure in a farm where the work environment 
in terms of noise is diverse and constantly chang
ing, thus very few studies of individual exposure 
(dosimetry) in farming and forestry have been 
reported.

Exposure to loud noise for a short period of 
time produces temporary hearing loss (temporary 
threshold shift, or TTS). A TTS can last for sev
eral hours or a day and might be experienced as 
ringing in the ears (tinnitus) and difficult hear
ing. Chronic noise exposure (months to years) 

may generate a permanent threshold shift (PTS) 
from which there is no recovery. Very loud noise 
can instantaneously cause permanent hearing 
impairment.

A simple pure tone audiometry demonstrates 
hearing damage nature and extent with major hear
ing loss at 400 MHz, which is often characteristic 
of noise damage. Some people with noise injury 
also have problems with tinnitus and hyperacusis.

Noise‐induced hearing loss (NIHL) is pre
ventable. Most Western industrialized countries 
have regulations for noise exposure limits and 
prescribed controls to prevent NIHL. Generally, 
exposure above 85 dB(A) over an 8‐hour working 
day is not permitted. A hearing conservation pro
gram may be required.

Prevention begins with the mapping of noise 
and its character. Improved technology and work 
organization often leads to lower noise levels. 

Risk zones and related heat disorders.
Heat index
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90 22 26 31 39 50

80 22 26 30 36 45 58

70 21 25 30 34 41 51 62

60 21 24 28 32 38 46 56 65

50 21 24 27 31 36 42 49 57 66

40 20 23 26 30 34 39 44 51 59

30 20 23 26 29 32 36 40 45 51

20 19 22 25 28 31 34 37 41 45

10 18 21 24 27 30 30 35 38 41

0 18 21 23 26 28 31 33 35 38

21 24 27 30 32 35 38 41 44

Air temperature °C

Heat index Heat disorders possible with prolonged exposure and/or physical activity

27°C–31°C Fatigue

32°C–40°C Sunstroke, heat cramps and heat exhaustion

41°C–54°C Sunstroke, heat cramps or heat exhaustion likely, and heat stroke possible

55°C or higher Heatstroke/sunstroke highly likely

NOTE: Direct sunshine increases the heat index by up to 9°C

Figure 9.8 The physiologic effect of heat on the body depends largely on the combination of tempera-
ture and humidity. The US National Weather Service has developed guidelines to predict exposure risks 
according to high temperature and humidity.
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Workers can be separated from noise sources. 
Training and information lowers individual expo
sure levels and personal protective equipment 
should be available.

Hand‐held vibrating tools transfer energy to 
the hands and arms. Prolonged exposure causes 
damage to blood vessels, nerves, and other struc
tures in the hands and forearms: hand–arm vibra
tion syndrome (HAVS). Vibration white finger (a 
component of HAVS) is an injury that has been 
known for more than 100 years. It is still not 
known how and why mechanical energy from 
vibrations induce nerve damage and alter control 
of blood vessel tone. Hereditary factors are likely 
to have great significance as well as the vibration 
intensity and exposure time.

Farmers and foresters who drive tractors and 
forestry machines are also exposed to whole‐body 
vibrations that may cause different types of dam
age. The effects of whole‐body vibration are not 
well known, but low back pain and general 
malaise are common associated symptoms.

Occupational injuries related to heat and cold 
may at first glance appear to be a minor problem. 
In fact, people in tropical and subtropical areas 
die every year because of heatstroke. Farmers are 
an exposed group and knowledge about risks and 
prevention is important.

Convection, radiation, and evaporation are the 
three main ways of heat transfer from (or to) the 
human body. If the air temperature exceeds skin 
temperature, the heat flow is reversed and the 
 surrounding air heats the body. Evaporation is the 
most efficient method of heat export. Evaporation 
is affected by humidity, wind velocity, and tem
perature. Internal physiological factors also affect 
evaporative cooling. The non‐acclimatized person 
may come under heat stress much earlier than a 
well‐adapted person. A temperature of +33°C can 
be regarded as the maximum safe work tempera
ture for an acclimatized person.

The ability to sweat and the capacity to export 
heat by sweat are prerequisites for work in a hot 
environment. The ability to sweat varies among 
people and can be developed by acclimatization 
and physical conditioning. A non‐acclimatized 
person may perspire 600 g of water per hour 

 during work. A well‐trained and acclimatized 
person can produce 1000 g per hour.

Four different conditions caused by heat can 
be identified: heat cramps (related to low levels 
of sodium), heat exhaustion (related to inade
quate intake of water and salt), heat syncope 
(caused by disturbed blood supply), and heat 
stroke. Heat stroke is an emergency characterized 
by a core body temperature above 41°C and 
widespread disruption of electrolyte balance and 
coagulability.

Industrial injuries related to cold can easily be 
prevented. Traditionally farmers have developed 
strategies to adjust working methods and cloth
ing to the local conditions.

Key Points

1. Hearing loss is a common occurrence 
among farmers. Better prevention has 
reduced the risks over the years.

2. Noise levels above 85 dB over an 8‐hour 
working day should be avoided. The risk 
level of 85 dB is arbitrary. Risk of hearing 
damage may also occur at lower noise 
levels.

3. Noise damage can be prevented. Technical 
improvements in machinery and better 
working practices as well as training skills 
and personal protective equipment reduce 
the risks.

4. Working with hand‐held vibrating tools 
involves the risk of vibration injury. 
Hand–arm vibration syndrome (HAVS) 
includes vibration white finger (VWF), 
polyneuropathy, and other damage to 
local structures. Hereditary factors are 
related to the risk of injury.

5. The ability to tolerate high temperature 
varies among people and can be devel
oped by acclimatization and physical 
conditioning.

6. Heat stroke is an emergency. Work‐related 
deaths are reported annually in tropical 
and subtropical regions.
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10

10.1 Introduction and Background

Occupational stress is a common health problem 
and stress is related to a number of physical and 
mental disorders. Stress may also have more 
s ubtle manifestations, affecting organization and 
productivity.

Farmers are by tradition subject to a number 
stressors like difficult weather conditions, 
machinery break down, and sick animals. Recent 
years have added a number of new stressors, 
which sometimes are out of the control of the 
individual farmer. The economic situation for 
many farmers has been tighter despite an increase 
in efficiency (1). The adaptation of new technol
ogy in dairy farming needs continuous online 
information and backup capacity day and night 
(2). Draughts, flooding, and outbursts of zoono
sis are dramatic crises that, if not managed, may 
lead to periodic depression, hopelessness, and 
suicide (3).

Comparative studies of the general mental 
health in urban and rural settings in industrial
ized countries reveal similar patterns (4), with a 
possible exception for depressive disorders and 
suicides. In rural areas, however, people may have 
considerable greater inaccessibility to medical 
s ervice, which may affect the outcome (5, 6).

Most research on stress and psychosocial 
c onditions in farming involves cross‐sectional or 
observational studies with low ability to identify 
causal associations. Thus, hard facts concerning 
occupational stress in farming associated with 
mental health problems are lacking. The picture 
is also complicated by observations indicating 
that not all employment stress is problematic. 
Recent observations indicate that psychological 
work demands related to sufficient control over 
the work situation may be favorable (7). 
Longitudinal studies with relevant referents are 
needed for a better understanding of the work 
environment and mental health in a farming 
context.

The understanding of a healthy work environ
ment in terms of psychosocial conditions is a 
growing section of occupational medicine. Tools 
to monitor and control stress in the workforce are 
available but so far not conformed to farming 
workplaces.

10.1.1 From Peasant to Entrepreneur
The social life of farmers has traditionally been 
structured by cultural traditions, marriage and 
extended family relations, and interdependence 
in work and daily living (neighboring). In many 
areas of the world, farming villages are still 



352 Agricultural Medicine

important social structures, providing the frame
work for rural populations. In industrialized 
Western countries the conditions in rural areas 
have slowly changed over a period of more than 
100 years. Farming as a way of living has been 
increasingly isolated to the individual, relatively 
independent from the former social structure (8, 9). 
Neighbors and the rest of the family are mostly 
integrated into their personal activities. Although 
farming is still an important form of production 
in most countries, farming is more and more 
industrialized and the farmer today is a specialist, 
no longer doing everything from building the 
family home to slaughtering and food prepara
tion. In some areas corporate farms and farming 
companies today are new actors in farm business. 
This is related to the fact that modern farming 
is a very capital‐intensive business. It is hard to 
start farming without a large inheritance or assis
tance from family.

Basic changes in the way of living and working 
have a strong impact on the psychological work 
environment (Figures  10.1 and 10.2). These 
changes create new sources of stress, and the 

c oping mechanisms imbedded in the former 
social structures are diminished. These new 
sources of stress are added to the traditional 
stressors and affect the work environment as well 
as family relations.

10.1.2 Farming in a Changing World
From the 1960s it has been discussed if modern 
living with rapid turnover of goods and services 
as well as intensive competition might affect 
p eople’s health. Thomas Holmes and Richard 
Rahe developed the Social Readjustment Scale to 
estimate the individual’s psychological stress 
(10). They found that rapid social changes in 
people’s life were related to cardiovascular 
diseases.

These findings in human beings have also been 
identified in studies of other animals as d isturbing 
social structures (e.g., moving non‐human pri
mates from one established group to another) 
related to arteriosclerosis and cardiac infarction 
(11, 12). From an evolutionary perspective these 
observations indicate that human beings might 

Figure 10.1 Traditional farming engaged many people.
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be prone to new health risks in situations with 
rapidly developing new social structures.

The effects of different environmental factors 
like noise, pollutions, pesticides, and crowding 
are relatively well known. The impact of different 
psychosocial conditions is not so well elucidated. 
However, the science of how psychological fac
tors generate physical health problems has grown 
during the last decades. Today it is accepted that 
chronic stress can exacerbate many general public 
health problems, such as cardiovascular diseases, 
diabetes, obesity, and depression (13, 14).

In recent years an increasing number of con
flicting interests have confronted farmers as a 
group and often also individual farmers (15). 
Inspections on farms regarding food safety and 
animal welfare may be very frustrating. Activities 
from environmentalist groups are sometimes very 
threatening, especially after reports on destroyed 
machinery and even arsons (16, 17). The dependence 

of governmental subsidizing may also be disturbing 
as it is often related to considerable paperwork, 
changing regulations, and controls.

10.2  Stress and Stress‐related 
Health Disorders

10.2.1 Sources of Stress
An ideal model for understanding of how occu
pational and environmental stress develops 
does not exist. There is no general instrument 
to help differentiate stressful from non‐stressful 
situations and no tool to explain why certain 
situations or events produce stress in some 
i ndividuals but not in others (18). However, a 
number of social and occupational stress‐related 
conditions relevant in a farming context may be 
observed.

Figure 10.2 Modern farming often is one man’s business.
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Diseases

Illness and or fear of illness are potential stress
ors. The conceptualization of health defects may 
g enerate anxiety and fear of losing control. 
Diseases in the family may be a stressor of the 
same m agnitude as a personally perceived ill
ness. Destructive feedback mechanisms may be 
established since stress may generate physical 
symptoms which cause more anxiety, fear, and 
stress. Caring for an ill or disabled family 
m ember is a heavy burden and stressor for many 
persons.

Family

A supportive family and good family relations 
can buffer stress. On the other hand, conflicts in 
the family negatively affect all members in the 
family (19–21). Dissolving family relationships 
(in most cases) is extremely stressful for all 
involved, including the children (22, 23).

In farming communities the context and the 
prerequisites for family life have changed over 
time. The extent of change varies in different 
countries. The social conditions are naturally 
very different in a village community like rural 
Switzerland in comparison to a modern one‐
person farm operation in Britain or the United 
States. In the latter case the farmer is mostly alone 
while his spouse has another job several kilome
ters away. In certain rural areas, for example 
northern rural Sweden, there is a deficit of women 
as they leave the rural setting to seek other 
employment. Opportunities to establish a family 
are disturbed in these areas. The percentage of 
farmers living alone is larger than among other 
professionals, at least in some areas (24).

The image of a farmer as a strong independent 
operator of big machines and manager of large 
herds has limitations. He/she may be a lonesome 
person without another person to relate to all day 
long. If he/she has a spouse, when that spouse 
comes home they have experiences and contacts 
to talk about with others unattached to the farm, 
further isolating the farming partner. Sometimes 
members of the previous farming generation, 
such as the parents of the farmer, are living close 

by and are still involved in the farming operation. 
Intergenerational issues in family farming can be 
an extreme stressor. The generations may differ in 
how the farm should be managed. The operation 
of the farm, or the farm property, or the estate, in 
the old way, may no longer be realistic. Difficulties 
adjusting to changes in social position in inter
generational farms may cause controversy among 
all family members involved (8).

Traditional gender roles in farmers have been 
in transition over the past few decades. 
Traditionally women on farms had several roles 
and expectations. These multiple roles may be a 
source of conflicts and stress, especially when the 
family includes children (25, 26). Changes in 
gender roles have resulted in more equity and in 
many countries women have major or primary 
roles as principle or co‐principle operators of the 
farm, but they still also have the most responsi
bility for children and household (27). Women 
on farms with children often have a job outside 
the farm. These women still feel a responsibility, 
obligation, or pressure to assist in farming and 
may be strongly stressed by these conflicting 
roles (28).

Economy

Most farmers are entrepreneurs. To start and 
run a modern farm in Western industrialized 
countries a large capital investment is a pre
requisite. The economic resources of farmers 
are very unequal. Some have a large family 
capital in terms of a farm they have inherited. 
Others have a significant property with money 
from other sources. However, a large number of 
farmers permanently have marginal cash 
resources (29). They have to work longer and 
harder than the average wage earner and they 
are heavily economically exposed to changes in 
market prices and the effects of weather on the 
outcome of their investment. Most farmers live 
with a constant worry about their economic 
survival, creating stress (30). Occurrences like a 
salmonella outbreak or a major change in farm 
politics may result in an economic or mental 
breakdown (29).
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 Relation to Governmental Authorities 
and Neighbors

In recent years farmers around the world have 
been criticized for polluting the environment 
with toxic chemicals and for inhumane treatment 
of animals in the types of housing used and hus
bandry practices (17). New laws and updated 
regulations concerning animal welfare have been 
introduced in many countries recently (31, 32). 
Activist groups are working in many areas, some
times with very aggressive methods and an agenda 
of changing farming to ensure animals are no 
longer regarded as property (33).

Many people living in cities have lost the 
c ontact with the land that their parents and 
grandparents had, and do not understand rural 
agricultural conditions and values. Sometimes 
farmers are exposed in the media as ruthless profit 
makers. In many countries a repressive legislation 
has been introduced and farmers have to open 
their farms to different types of inspections and 
controls. These actions may be a result of a notice 
from a distressed neighbor or just a person pass
ing by. For example, this author (AT) observed a 
Swedish farmer was reported to authorities 30 
times by casual by‐passers for possible violations 
of environmental or animal welfare concerns, 
resulting in inspections by authorities. In some 
countries, as in Sweden, the farmer has to pay for 
some inspections. These conditions are usually 
present in industrialized countries, but they have 
generally led to a cultural gap between the farm
ing community and the rest of society that is 
noted by a mutual lack of understanding, 
m istrust, and more of an adversarial than coop
erative relationship.

The changing legal and political framework 
within which farmers are required to operate is a 
source of stress to many farmers. More than half 
of British farmers were concerned about the 
amount of record keeping and paperwork 
required and many had difficulties understanding 
and completing the forms. Several farmers were 
anxious about incurring penalties for mistakes in 
completing forms or failing to comply with 
obscure regulations (3, 29). Some farmers have a 

feeling of inferiority, of being a burden to the rest 
of society. Different types of subsidies increase 
this feeling of inferiority. Farming in general has 
lost status relative to other professions. However, 
the farming population is generally more highly 
educated than the general population in many 
areas of industrialized countries (34). Farmers are 
proud and independent people, but often feel 
unappreciated (35).

Psychosocial Workplace Factors

Loneliness and social isolation are of concern in 
modern life on farms, particularly in sparsely 
populated areas and areas where it is difficult to 
attract spouses and social institutions are waning. 
However, several studies indicate that most farm
ers have well‐functioning social networks as the 
art and practice of “neighboring” (social interac
tion, mutual caring, and cooperative work) is still 
alive in many agricultural areas (29, 36). 
Community social isolation is mostly not a 
stressor in farming. Residents of urban areas may 
be more isolated and lonely than farming 
populations.

Bad weather or machinery break down in time 
of harvesting or sick animals entail temporary 
stress. On the other hand, nice weather and 
healthy animals may alleviate stress. These normal 
variations in the life of a farmer probably have no 
impact on the long‐term outcome of their mental 
health. Solving problems may contribute to the 
feeling of control and thus act as a positive health 
factor. However, climate change and stress related 
to drought, fires, and flooding are a real concern 
in an increasing number of countries (37, 38).

Increasing technology in farming is usually 
accompanied by different monitoring systems. 
Robotic milking systems (39), for example, 
require continuous surveillance and recording, 
with information and alarms transmitted to the 
farmer’s cellphone day and night. Personality 
f actors may predispose how the individual deals 
with this kind of continuous monitoring (40). 
Some individuals with obsessive personality traits 
may have difficulty adapting to this new work 
situation (41).
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Farming still requires long hours of hard work. 
Seventy per cent of British farmers worked over 
10 hours a day and 20% over 15 hours (29). 
Dairy farmers had the longest working days. 
Many Swedish farmers do not have vacations and 
some do not have a single day away from the job 
during a full year (42). The lack of opportunities 
for relaxation and sleep deprivation contribute to 
stress. However, little is known about the health 
effects of long working days and short vacations 
among farmers.

Most family farmers do not have employees. 
They do not have to realize any role conflicts 
(except possibly for family relations), and they 
have no problems with career development, 
organizational changes, and many other stressors 
prevalent in industrial or business enterprises. 
Large farm operations, however, often employ 
several workers. Some of these are well educated. 
Others do not have any education or training and 
do not even speak the language. The farmer, the 
leader of this kind of organization, needs under
standing and skills to be a responsible manager 
(2). The transformation from traditional farmer 
to an employer may be a long and stressful 
learning process (18).

Physical Workplace Factors

Environmental pollution, noise, heat, cold, vibra
tion, chemical exposure, and work injuries are 
physical factors in the workplace or living envi
ronment of farmers that may induce stress. 
Gaseous odors or particulate emissions from live
stock operations may induce physical stress (43, 44). 
This stress has been measured in the neighbors of 
large confined animal‐feeding operations (45). 
Many of the neighbors are farmers. This situation 
creates neighbor conflict and can create severe 
stressors in some farm communities (46).

As reviewed in Chapter  9 many agricultural 
operations are very noisy. Noise has been a docu
mented stressor in other settings, such as in those 
living near airports (47). A recent report shows 
that people exposed to long‐term aircraft noise 
may develop different metabolic changes, with 
weight gain (increasing waist circumference) and 

pre‐diabetes probably occurring via stress‐
induced mechanisms (see below) (48).

Although many male farmers are not con
cerned about injury risks, many women are 
highly concerned about potential injury to their 
family members, which certainly adds to the risk 
load. In fact some women are sufficiently con
cerned that they would advise their children to 
seek employment outside of agriculture (49).

10.3 Stress Physiology

The Hungarian–Canadian researcher Hans Seyle is 
the father of the modern concept of stress. His first 
paper “A syndrome produced by diverse nocuous 
agents” appeared in 1936 (50). Seyle noted that a 
number of different environmental factors could 
generate the same physical reactions among differ
ent individuals. He started to use the term “stress” 
to refer to the response that the individual makes to 
environmental insults. He used the word “stressor” 
as a term for the stimulus causing stress. During his 
career he developed a model for how the body 
defends itself in stressful situations and he empha
sized that stress is a general physical reaction caused 
by a number of environmental factors or stressors.

Stress as a general physical reaction or a syn
drome became known as the general adaptation 
syndrome (GAS). It is divided into three stages. 
The first is the alarm reaction characterized by 
general mobilization through activation of the 
sympathetic nervous system. The body’s systems 
are activated to maximize strength and prepare 
them for a fight‐or‐flight response.

The alarm reaction successively passes on to 
the second phase of GAS, which is called the 
resistance stage. The objective physical symptoms 
disappear and the organism adapts to the stressor. 
The length of this stage depends on the severity 
of the stressor and the body’s adaptive capacity. 
Although the person gives the outward appear
ance of normality the body’s physical reactions 
are not normal. This condition is also called 
allostasis. Seyle believed that these reactions in the 
long run could generate a number of diseases, 
which he called diseases of adaptation.
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The capacity to resist stress is individual and has 
limitations. Sooner or later the ability to resist will 
expire and the persistent stress will generate end‐
stage effects. This final stage is called the exhaustion 
stage. Seyle thought that exhaustion frequently 
resulted in depression and sometimes even death.

It was obvious to Seyle that stress reactions in 
some situations were valuable. The capacity to 
mobilize extra resources when an individual is in 
difficulty is an important adaptive evolutionary 
mechanism. This good kind of stress was termed 
“eustress” while the opposite was called “distress”. 
Distress results in diseases.

Seyle’s concept of stress was criticized from 
different points of views. Cannon described the 
physiological reactions as an action to stabilize 
the body to maintain the homeostasis and 
thought Seyle’s concepts too stereotypical (51). 
Skinner found that the stress reaction is unique to 
every individual (52). Others (53) noticed that 
Seyle largely ignored psychological factors, espe
cially the element of emotion. An alternative 
model focusing psychological factors has been 
developed by Lazarus and Folkman (54) and has 
had a great impact among psychologists.

10.3.1  The Nervous System and 
Stress

One of the functions of the nervous system is to 
integrate the different systems of the body and 
maintain homeostasis. The system has a high level 
of flexibility and capacity of rapid adjustment to 
new situations. The nervous system provides 
internal communication and relays information 
to and from the environment. The external 
i nformation may be of physical or psychological 
character. The mix of information is processed in 
different centers of the brain and combined or 
associated with previous experiences, archetypical 
perceptions, and emotional loadings. Threatening 
situations and/or situations with a disturbing 
emotional tension are identified and initiates 
mobilization. This mobilizing is mediated by the 
autonomic nervous system (ANS).

The ANS has two divisions, the sympathetic 
nervous system (SNS) and the parasympathetic 

nervous system (PNS). The signals of the SNS and 
PNS are mediated to autonomic ganglia from 
where they are relayed to the effector organs. The 
SNS ganglia are connected in a chain on either 
side of the vertebral column. The PNS ganglia are 
located near or in the effector organs. The SNS 
ganglia have close interconnections, and thus acti
vation of SNS often has a broad effect while the 
PNS ganglia have few connections and mostly an 
effect restricted to a single organ or organ system.

Physiologic results of SNS mobilization and 
activation include increased rate and strength of 
cardiac contractions and respiration, decrease in 
gastrointestinal activity, constriction of blood 
vessels in the skin, stimulation of the sweat 
glands, and dilation of the pupils. The adrenal 
medulla is also stimulated to produce more 
adrenalin (epinephrine) and noradrenalin 
(n orepinephrine). Noradrenalin is also produced 
by the brain stem in the locus coeruleus. These 
catecholamines have complex effects acting as 
neurotransmittors and as hormones. Adrenalin 
and noradrenalin act similarly on some organs 
and differently on others. Two basic actions may 
be mentioned: (1) influence of the tone and 
c ontraction of muscles, and (2) influence on the 
metabolism of carbohydrate and fat. The actions 
are mediated by receptors in the cell membranes 
of the target cells. At least two kinds of adrenergic 
receptors are recognized, α‐receptors and β‐receptors. 
Contractile action on smooth muscle is mediated 
by α‐receptors while metabolic effects and excitation 
of the myocardium are mediated by β‐receptors.

Skeletal muscles are also mobilized in case of 
stress (55). Areas in the neocortex, the amygdala, 
and areas in the brain stem are engaged in prepar
ing the muscles for physical activity by elevating 
muscle tone. Central activity in the amygdala 
area also may upgrade the level of muscular tone.

10.3.2  The Endocrine System and 
Stress

There is a chain of stress hormones that are acti
vated during stress. First corticotrophin‐releasing 
hormone (CRH) from the hypothalamus simu
lates the pituitary to release adrenocorticotropic 
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hormone (ACTH), which in turn stimulates the 
adrenal gland (cortex) to release cortisol (the 
most important of the stress‐related hormones). 
The axis from hypothalamus via the pituitary to 
the adrenal cortex is called the hypothalamic–
pituitary–adrenal (HPA) axis and is of funda
mental importance in the activation of stress 
reactions (Figure 10.3).

Cortisol is so closely associated with stress that 
the concentration of cortisol circulating in the 
blood can be used as an index of stress. Cortisol 
can easily be analyzed in blood as well as in saliva. 
There is a normal variation in the concentration 
of cortisol in the blood over the day, with highest 
levels in early morning and lower levels in the 
evening. There are large differences in the level of 
cortisol between different individuals as well as in 
the variation over the day.

Cortisol has a number of physiological effects. 
Gluconeogenesis is stimulated and the availabil
ity of glucose is raised. Lipolysis is also stimu
lated, resulting in a release of fatty acids to the 
circulation. In cooperation with noradrenalin 
vasoconstriction is elicited, resulting in raised 

blood pressure. Water excretion in the kidneys is 
increased. Cortisol has a number of effects on the 
immune system, inhibiting antibody production 
and local inflammation. This antiphlogistic 
(inflammation‐inhibiting) action is frequently 
used in different therapeutic applications.

Additional hormones (Figure 10.4) are released 
during stress as the anterior pituitary is stimu
lated. They are all regulated from the hypothala
mus by centrally produced releasing factors. The 
sex hormones (luteinizing hormone (LH) and 
f ollicle‐stimulating hormone (FSH)), growth 
h ormone (GH), thyroid stimulating hormone 
(TSH) and prolactin are all involved in the stress 
complex. Oxytocin is a hormone known more for 
its effects of uterine contraction and milk led‐
down during birthing and “mothering.” Oxytocin 
also has effects with regard to the individual’s abil
ity to cope with stress. Oxytocin stimulates relaxa
tion, social learning, and trust. Thus oxytocin 
may be regarded as an anti‐stress hormone. The 
production of oxytocin is stimulated by pleasant 
skin contact such as massage and gentle touch.

10.3.3 Acute and Chronic Stress
Stress and stress reactions have a common physi
ologic basis, but are manifested differently among 
individuals and their personal situations. It is not 
possible for an individual to take full control over 
these reactions but it is possible to learn some 
coping skills. The immediate reaction to stress is 
general and a reflex reaction. The ability to 
“switch off ” the mobilization or cascade of stress 
reactions is varied among individuals and depends 
on many factors, including individual psycho
logical and physiological variation, cultural 
b ackground, and how life and work are organized.

The alarm reaction is mostly short lasting and 
the activity of the ANS may quickly be adjusted 
to normal (physiological effects mostly dissipate 
within 5 hours). This kind of stress should be 
regarded as a functional resource in arduous 
situations.

Chronic or long‐lasting stress (as well as fre
quently repeated acute stress reactions) can be 
dysfunctional and dangerous. The effect of this 

Hypothalamus

CRH (corticotropin-releasing hormone)

Pituitary

ACTH (adreno-corticotropic hormone)

Adrenal gland

Cortisol

Figure 10.3 The HPA axis.
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kind of stress (the resistance stage according to 
Seyle) is different and related to a number of 
d iseases. The behavior of people living with long‐
lasting stress changes: aggressiveness and irrita
tion are elevated with, or finally replaced by, 
anxiety, depression, and exhaustion. A number of 
expressions have been used to describe this 
condition (burnout, chronic fatigue syndrome, 
neurasthenia, etc.).

Associated with these clinical behaviors are 
modifications in the functioning of the ANS 
(11, 56). Elevated tension in the somatic muscles 
occurs, but the individual is often not aware of 
the chronic muscle mobilization. However, this 
muscle tension may result in pain such as neck, 
shoulder, or back pain (57). The ability of the 
adrenals to produce elevated levels of cortisol may 
wane, and cortisol production may “burn out,” 
resulting in a change in the[1] normal daily vari
ation of cortisol concentrations (58, 59).

A long‐lasting high level of cortisol also affects the 
brain, resulting in a declining number of functioning 
cortisol receptors. A size reduction in the hippo
campus area has also been demonstrated, probably 

indicating declining capacity of learning and inade
quate coordination of normal stress reactions (60).

Sex hormone production is also down‐
r egulated in long‐lasting stress. The result is a 
reduced interest in sex and lower fertility. The 
production of growth hormone (HGH or soma
totropin) is likewise affected by stress. The down‐
regulation may be significant and stress‐related 
dwarfism has been reported (61). The level of 
growth hormone may be associated with a 
n umber of other symptoms related to stress.

10.4  Chronic Stress‐related 
Physiological Reactions

10.4.1 High Blood Pressure
Animal studies have shown that repeated stressful 
situations and chronic continuing stress modify 
the walls of the arteries, which promotes higher 
blood pressure (62, 63). This reaction in the 
a rterial walls is associated with high activity in the 
SNS and high levels of cortisol production.

Hypothalamus
Brain stem

Blood vessels

Pituitary
Pars distalis

Pituitary

Adeno-
hypophysis

Growth hormone
Prolactin

Adrenocorticotropic hormone
Beta-endorphin

Thyrotropin
Follicle-stimulating hormone

Luteinizing hormone

Figure 10.4 Anterior pituitary hormones.
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In modern Western societies the mean blood 
pressure of the general population escalates with 
advancing age. However, populations living in 
low‐stress social conditions have no change in 
blood pressure over time (64, 65). Swedish men 
living in rural areas have lower blood pressure 
than men living in cities (66), and Swedish farm
ers have lower blood pressure than non‐farming 
rural men, suggesting that both rural living and 
farming have protective effects. (34, 67).

10.4.2 Dyslipidemia
Those under stress with high activity of the HPA‐
axis system often have low levels of high‐density 
lipoprotein (HDL; “good” cholesterol) and ele
vated levels of low‐density lipoprotein (LDL; 
“bad” cholesterol) as well as elevated levels of free 
fatty acids (FFA). The mechanisms behind these 
changes in blood lipids are not fully understood.

10.4.3 Abdominal Obesity
The stress‐related hormones, especially cortisol, 
promote accumulation of abdominal fat whereas 
the sex hormones and HGH (which are inhibited 
by chronic stress) have the opposite effect (68). 
Stress thus is a potent contributor to abdominal 
obesity and the metabolic syndrome.

10.4.4 Insulin Resistance
It is well known that cortisol decreases the cells’ 
sensitivity to insulin, resulting in raising levels of 
blood glucose. Increased blood glucose stimulates 
the islets of Langerhans (the beta cells) in the pan
creas to produce more insulin. Chronic or con
tinuous stimulation forces the beta cells to produce 
more insulin to the point they cannot keep up the 
high demand of production over time. The beta 
cells finally fail, resulting in type II diabetes.

10.4.5 Mental Effects
Communication in the brain is mediated by a 
number of substances, including noradrenalin, 
serotonin, and dopamine, among others. Cortisol 
influences the activity and amount of several 

hormones, which in turn affect the amount and 
activity of these neurotransmitters, resulting in 
imbalanced brain chemistry. An imbalance in 
these brain chemicals is associated with condi
tions such as depression and anxiety disorders. 
High levels of cortisol are associated with changes 
in the female sex hormones and decreased thy
roid‐stimulating hormone: both are related to 
depression (69, 70).

10.4.6 Immunological Reactions
Cortisol has several depressive effects on the 
immune system. Long‐lasting stress with high 
activity in the HPA axis suppresses the activity of 
a variety of different cells in the immune system 
and thus the risk of infections and other diseases 
is raised (71). It has been long recognized that 
exogenous cortisol can be used therapeutically in 
a number of autoimmune diseases, but also puts 
the patient at risk of infections.

10.5 Stress and Disease

10.5.1 Cardiovascular Disease
Stress may be associated with cardiovascular 
d isease in two ways.

1. Acute stress can be a precipitating factor in 
heart attack or stroke. Stress can serve as a 
trigger of heart attacks (72) and chest pains 
(73, 74). The risk of serious disturbances in 
cardiac conduction is significant if stress is 
combined with arteriosclerosis of the c ardiac 
arteries (75).

2. Chronic stress can be a cause in the develop
ment of the degenerative changes in the blood 
v essels resulting in heart disease or cerebral 
infarction. The combination of high blood 
pressure, dyslipidemia, abdominal obesity, 
and insulin resistance is described as metabolic 
syndrome. All these components of the meta
bolic syndrome have an association with 
chronic stress, and the metabolic syndrome is 
strongly related to the development of arterio
sclerosis and c ardiovascular diseases (76).
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10.5.2 Mental Disorders
The prevalence of episodic depression in the gen
eral population is around 5%. Those with deep 
depression have a significant risk of suicide 
(Table  10.1). Depression is related to other 
chronic diseases, including cardiovascular disease 
(77, 78).

Several models have been presented to help 
explain how stress and depression are interrelated 
(69, 79). Depression is associated with changes in 
the production or efficiency of at least three neu
rotransmitter substances: serotonin, noradrena
lin, and dopamine. Pharmacological treatment of 
depression targets these substances. It is also pos
sible that psychotherapy may affect neurotrans
mitters. A combined psychological and chemical 
approach to treating depression (both affect the 
hypothalamus) affects the transmitter substances. 
Combined modalities for treating depression are 
commonly recommended.

Anxiety disorders like phobias, panic attacks, 
and generalized anxiety are conditions also related 
to stress. The imbalance of transmitters is again 
the likely cause.

Insomnia is regarded as a condition of raised 
physiological activity, a result of repeated or 
prolonged stress (80). Sleep disturbance is 
related to stress hormones. High levels of CRH, 
ACTH, and cortisol are associated with sleep 
disturbances (81).

Drug addiction has been shown in animal 
studies to be established more rapidly and with 
lower levels of the drug if the animal is stressed 
(82). Administration of cortisol supports known 
additive mechanisms (83). People who are more 

sensitive to stress and individuals who are exposed 
to stress during long periods have a somewhat 
higher risk of developing addiction.

Memory may be affected when stress is pro
longed. When the concentration of cortisol is 
permanently high the hippocampus can be 
n egatively affected, resulting in difficulties in 
memorizing and enhancing the process of disre
membering (84). The number of nerve cells, 
d endrites, and synapses decreases, and the size 
of hippocampus decreases (85–87). The fact 
that individuals with Cushing’s syndrome 
(a condition resulting in high levels of cortisol) 
develop a kind of dementia supports the hypoth
esis that cortisol may be a key factor in loss of 
memory (88). An HPA‐axis dysfunction has 
been documented among patients with chronic 
fatigue syndrome (89, 90). This condition is 
characterized by slowed processing speed, 
impaired working memory, and poor learning of 
information (91).

People who have had highly traumatic experi
ences (e.g., a serious farm injury) may develop a 
chronic stress syndrome called post‐traumatic 
stress disorder (PTSD). This is characterized by 
flashbacks, anxiety, and facial expression of fear, 
anhedonia (loss of ability to experience pleasure), 
startle and SNS activation. Many types of experi
ences are related to the development of this disor
der (92–94). PTSD increases the risk of other 
medical disorders and produces a long‐lasting 
suppression of the immune system (95). MRI 
studies of the brains of combat veterans with 
PTSD have demonstrated a significant reduction 
in the volume of the h ippocampus (85).

10.5.3 Other Diseases/Disorders
Chronic pain disorders may be associated with 
stress as the spinal cord decreases its ability to 
control pain. Repeated pain signals may be trans
formed into persistent hyper‐excitability (96, 
97). The normal dampening of pain by the spinal 
cord may be inhibited by a decreased production 
of serotonin (98). Reduced female sex hormones, 
among other hormones, may also increase the 
experience of pain (99).

Table 10.1 Depression has many faces

Depressed mood
Markedly diminished interest or pleasure in everything
Significant weight loss or weight gain
Insomnia or hypersomnia
Psychomotor agitation or retardation
Fatigue or loss of energy
Feeling of worthlessness or guilt
Diminished ability to think or concentrate
Recurrent thoughts of death
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Traumatic experiences during childhood and 
early life modify the sensitivity to pain during 
life (100). Intimate partner violence and child 
abuse may be an underestimated risk factor for a 
range of mental health issues, including chronic 
pain disorders (101, 102). Experiments on ani
mals have shown that stress exposure early in 
life, for example separation from the mother, 
results in more stress reactions as adults, with a 
higher activity in the HPA‐axis system (103). 
Stress reactions are more easily activated. 
Probably a significant number of people with 
chronic pain syndromes have easily activated 
stress reactions because of previous traumatic 
experiences.

Abdominal disorders, such as hyper bowel 
activity and abdominal pain, may be caused by 
stress. Furthermore, gastric ulcers and dyspepsia 
were traditionally regarded as diseases with a sig
nificant association with stress (104, 105). The 
bacterium Helicobacter pylorus is crucial for the 
development of ulcers but stress probably has an 
important role and cortisol concentration (see 
Cushing’s disease) is related to gastric ulcers. 
The ability to cope with stress may be related to 
the fact that some people can keep the microor
ganism under control without any symptoms 
(106–108).

Irritable bowel syndrome (IBS) is a very com
mon health problem, episodically affecting as 
high as 30% of a population. Clinical symptoms 
and signs include recurring pain, abdominal dis
tension, diarrhea and possibly constipation. A 
significant proportion of IBS is related to stress 
(109, 110). Patients with IBS have a modified 
activity in the HPA axis, with somewhat raised 
levels of cortisol in the mornings and lower 
l evels in the evenings. They also report more 
anxiety, have more depressive episodes, and lack 
social support (111). Psychological training 
p rograms have a positive effect with reduced 
f requency of symptoms and a better general 
wellbeing (112).

Cohen and coworkers (113, 114) have 
observed that the level of psychological stress is 
associated with greater infectivity of cold viruses. 
Their studies, along with others, have shown 

that stress with a raised activity in the HPA‐axis 
system is related to a more rapid contraction 
of  infectious diseases (115) and diseases of 
the  immune deficiency system, such as HIV 
infection (116).

Stressful events and pain can trigger asthma 
attacks (117). Actions to control exposure to 
stressful events may successfully reduce the risk of 
further asthma attacks (118).

Autoimmune disorders like rheumatoid arthri-
tis and ulcerative colitis may also be affected by 
stress. Stress can affect the progress of the disease 
by increasing sensitivity and reducing coping 
efforts, and can possibly affect the process of 
inflammation (119).

10.6 Measuring Stress

Measuring the level of stress may be of interest 
from an individual perspective as well as from an 
organizational perspective. Researchers have used 
a variety of methods and most of them fall into 
three main categories: laboratory methods, psy
chological measures, and self‐reported surveys. 
Laboratory methods and psychological approaches 
have been used mostly in research. There are only 
a few clinical methods to evaluate individuals.

10.6.1 Laboratory Methods
The acute stress reaction may be assessed by 
measuring heart rate or blood pressure, or a com
bination of these: the rate pressure product 
(RPP). Muscle activity may be recorded by 
e lectromyography (EMG).

Measurements of catecholamines (noradrena
lin and adrenaline) are not reliable as there are 
large and individual variations. The activity in 
the HPA axis may be evaluated by assessing the 
concentration of cortisol in saliva. However, there 
are also large temporal and individual variations 
with this hormone.

The level of blood glucose is related to stress. 
Some of the blood glucose is combined with hemo
globin and assessed as HbA1c. HbA1c is a measure 
of the average blood glucose concentration over 
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several weeks and is related to long‐lasting stress. 
This lab test is easy to do and the reliability is high.

10.6.2  Psychological Individual 
Methods

Holmes and Rahe (10) developed the Social 
Readjustment Rating Scale, noting a significant 
relation between high scores and cardiovascular 
disease. The antecedent factor may be chronic 
stress induced by social change.

The type A personality (120), especially the 
hostility factor, is significantly related to cardio
vascular disease. A strong relationship between 
hostility and heart disease has been noted in other 
studies (121–123). A number of questionnaires 
are available to evaluate type A behavior.

There are a number of scales available to test 
for depression and anxiety. One of the oldest and 
most used is the Beck Depression Inventory (124) 
and another is the Self‐rating Depression Scale 
(125). This scale is short (20 items), simple to 
administer, and has been used in many studies.

Daily life events and annoyances, in addition 
to traumatic life events, are related to stress and 
health outcomes. Several perceived stress scales 
are available, which are quite good at predicting 
headache and IBS (126–128).

Methods for general individual stress testing have 
also been developed, but these kinds of scales are 
fewer because stress is a complex condition. One 
scale used in Scandinavia is the Stress Profile (129).

To evaluate chronic pain conditions, analogue 
techniques have commonly been used. Pain is 
rated by observable behavior of the person. Visual 
analogue pain rating scales such as the McGill 
Pain questionnaire (130) has been available since 
the 1970s. Different scales have been developed 
to test for occupational stress in terms of risk of 
burnout (131).

10.6.3  Screening for Stress on an 
Organizational Level

Much of the stress people perceive is generated in 
the interrelationships between individuals (e.g., 
families and the workplace) (11, 132). Family 

farming often involves the overlap of family rela
tions and workplace relations, creating a complex 
social environment.

Robert Karasek and Töres Theorell noticed 
that most adverse reactions of psychological strain 
(fatigue, anxiety, depression, and physical illness) 
occur when the psychological demands of the job 
are high and the worker’s decision latitude (job 
discretion and job control) is low. From this con
cept, the working life could be described along 
a continuous scale: low strain–high strain, and 
passive–active. In a four‐field diagram (Figure 10.5) 
different types of jobs could be identified along 
these lines as more or less active and more or less 
high strain (133).

The Karasek–Theorell model analysis of 
work‐related stress has been widely used. 
Studies indicate that the economic burden of 
diseases attributable to job strain is large (134). 
Farmers, however, are regarded as having an 
active job, which may be an explanation for 
their reduced cardiovascular risk (135). A num
ber of studies support a view that people in pas
sive jobs have high strain and endure higher 
risks for cardiovascular disease and depression 
(136–139).

A number of screening instruments are avail
able to check the level of job demand, decision 
latitude, and control over the work situation. 
Karasek and Theorell’s first questionnaire (133) 
(Figure 10.6) has been supplemented with other 
items to include the dimensions of social support 
and perceived job security (140).

High functional personal social support 
reduces the risk of illness and death. Berkman 
and Syme (141) identified four main sources of 
social contacts of importance to reduced mor
tality: (1) marriage and life together, (2) con
tacts with relatives and friends, (3) membership 
of churches, and (4) and membership of other 
formal and informal groups. Good interper
sonal support from colleagues, especially from 
supervisors, may also alleviate stress. Several 
scales measuring social support are available 
(142–144).

The ability to cope varies between individuals 
and is of great importance for long‐term health 
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status. Antonovsky determined that the ability to 
cope is related to a sense of coherence (SOC), or 
understanding the complicated structures that 
surround all of us (145). Antonovsky has devel
oped an SOC scale, which has been widely used 
in different situations (146).

10.7  Management and Prevention of 
Stress Reactions

Historically, stress‐management programs have 
tended to focus on solutions at the individual 
level. Recent research indicates that stress can be 
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effectively addressed by improving the relationships 
of the individual within the workplace. In the case 
of farmers stress may be addressed by improvement 
of relationships of the individual with his/her 
family, neighbors, and the local community, and by 
managing the developing negative perception of 
farmers from the general public and news media.

Health professionals, especially occupational 
health physicians and nurses, must listen to their 
patients for signs of stress. Very often a patient 
presents with a physical health problem. Only 
after establishing a confidential and trustful rela
tionship between the patient and provider is it 
possible to determine stressors that might involve 
personal situations. Sometimes it is difficult to 
help the patient to realize that their reported 
symptoms are indicators of deeper problems such 
as family conflict or economic insolvency.

Although stress management is mostly focused 
on the individual, organizational factors have a 
key role in reducing stress for individuals. Farmers 
or groups of farmers often do not have access to 
occupational health physicians or other occupa
tional health professionals working with occupa
tional related stress (147). There is a need to 
develop and implement mental health programs 
to assist farmers and their families to identify and 
manage stress (2, 147).

10.7.1  Individual Therapeutic 
Methods

Behavior modification may be needed to help 
some people with chronic stress, for example 
individuals with a type‐A personality or with 
excessive anxiety may be assisted with cognitive 

Often

1 2 3 4

Sometimes Seldom Never/
almost never

1. Do you have to work very fast?

2. Do you have to work very intensively?

3. Does your work demand too much effort?

4. Do you have enough time to do everything?

5. Does your work often involve conflicting demands?

6. Do you have the possibility of learning new
    things through your work?

7. Does your work demand a high level of skill
   or expertise?

8. Does your job require you to take the initiative?

9. Do you have to do the same thing over and over
    again?

10. Do you have a choice in deciding how
      you do your work?

11. Do you have a choice in deciding what
     you do at work?

Figure 10.6 The Karasek–Theorell questionnaire. (By permission from Töres Theorell.)
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therapy. Cognitive therapy is based on the 
p rinciple that people’s beliefs, personal standards, 
and feelings of self‐efficacy strongly affect their 
behavior (148).

Cognitive therapy includes a variety of strategies 
to change thoughts. Patients are trained to think 
about and evaluate their own behaviors. Patients 
with chronic pains, for example, very often exag
gerate their perceived pain by dwelling on it, pro
moting their own dysfunction. Cognitive therapy 
for coping with pain (97, 149) relies on repeated 
weakened doses of pain or stress in an attempt to 
build up immunity against pain. Cognitive therapy 
for low back pain and other symptoms has shown 
greater effectiveness than traditional behavior mod
ification or placebo (150–153).

Writing or talking about traumatic events 
(emotional disclosure) may help some people 
(154, 155).

Relaxation has been used to treat different 
stress‐related conditions such as headache, ten
sions, migraine, and chronic pain conditions 
(156–158). Progressive muscle relaxation (159), 
meditative relaxation (160), mindfulness medita
tion (161), guided imagery and yoga are all exam
ples of successful relaxation techniques.

Biofeedback electronic instruments are used to 
measure biological responses. Biofeedback can be 
used to decrease muscle tension as a component in 
stress management (150). Objective measures of 
responses are immediately available to the patient 
and enable them to learn to modify a response. 
Electromyography (EMG) biofeedback is the 
most commonly used method. Thermal biofeed
back is based on the principle that skin tempera
ture varies in relation to levels of stress (162).

Personal control is a fundamental element that 
enables people to cope with stress (163). However, 
the fundamental capacity to exercise control may 
be fixed during childhood and adolescence and 
thereafter may not be easily modified (145).

Studies indicate that physical activity may be a 
significant way to cope with stress (164). Physical 
activity modifies a number of biological reactions 
to stress in a positive way. Blood pressure, depres
sion, sleeping disturbances, cognitive symptoms, 
and chronic pain are affected by physical activity. 

All kinds of exercise is helpful but running or 
walking in an open landscape or doing things 
together in a social context may be more effective 
than individual exercise with an exercise bicycle 
or lifting weights.

Good sleep is excellent therapy for stress. 
Some studies indicate that 8 hours of rest and 
sleep may not be enough (81) and many people 
need at least 10 hours for relaxation and sleep. To 
obtain restful sleep, relaxation before going to 
bed is important. Noise and conflicts should be 
removed from the bedroom.

10.7.2  Family, Neighbors, and 
Community

Personal conflicts must be solved to counteract 
stress, and often third‐party assistance is neces
sary. Some individuals with a strong type‐A per
sonality may need individual therapy as they may 
be conflict‐prone.

People who have high levels of social support 
are more able than others to cope with stress 
(165). The importance of social networks has 
been demonstrated in a number of studies (141) 
(Figure 10.7).

Healthcare professionals may help individuals 
to be more self‐disclosing or to support others 
who are in need of support. Support groups with 
others in similar circumstances can be very valu
able for some people (166).

Farmers gain stress reduction from working 
together. Contacts with neighbors develop social 
networks and may promote new techniques and 
new methods to reduce job overload. The inter
action with others may be formal or informal and 
not necessary only with other farmers. Contacts 
with customers and food consumers may be stim
ulating and rewarding. Joint activities and inter‐
farmer support may be of importance in contacts 
with authorities and media, especially regarding 
animal welfare issues or conflicts of land‐use etc.

Farmers must be socially astute when working 
with pesticides and odorous material like manure 
otherwise they will enhance neighbor conflicts, 
which can increase their stress. It is not enough to 
follow regulations and laws. Particularly when 
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farming near towns, farmers must be proactive 
and develop a public relations practice to avoid 
conflicts. Practicing proper environmental pro
tection and conservation methods is important, 
as well as communicating with neighbors to 
establish relationships and promote understanding 
of modern farming.

10.7.3  Stress and Workers’ 
Compensation

Workers’ compensation claims for mental i njuries 
have increased over recent years. Many countries 
recognize mental stress as a compensable disorder 
at least among employees. In some countries laws 
and regulations practically exclude employers and 
entrepreneurs such as farmers from access to 
workers’ compensation systems.

Physical and/or mental illness workers’ com
pensation claims such as for post‐traumatic stress 
or depression after a crash injury or amputation 
are mostly recognized while mental and related 
physical claims such as emotional stress‐related 
disorders like myocardial infarction or gastrointes
tinal diseases often are dismissed. Mental disorders 

related to conflicts, supervision, or economic 
problems will mostly not be resolved (167). It is 
easy to understand that these kinds of claims 
often are followed by difficulties to objectively 
estimate both the extent of impairment and the 
causal factor. Unsolved ongoing conflicts on com
pensation are effective holdbacks for a quick and 
functional rehabilitation (168). Efforts to speed 
up these processes are always highly desirable.

10.8  Alcohol‐related Health 
Problems

Several studies from different countries have 
reported low prevalence of alcohol‐related dis
eases among farmers (169–172). This may be 
related to the selection of those fit for farming 
(healthy worker effect). Farmers are entrepre
neurs with a wide personal and direct responsibil
ity and work ethic. Too much drinking reduces 
the ability to optimize production, and increases 
the risk of injuries and breakdowns.

However, some farmers are alcoholics and need 
help to control their drinking. Overconsumption 
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Figure 10.7 Social networks are a resource in coping with stress.
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of alcohol produces direct health risks such as 
pancreatitis, liver cirrhosis, mental dysfunction, 
and injuries as well as indirect hazards like psycho
logical impairments and social disruptions (173).

Farmers who drink excessively may neglect 
their land, buildings, and animals. Neglected ani
mals may draw criticism from neighbors or legal 
action, increasing the farmer’s stress level and 
worsening the farmer’s health.

Most authorities agree that both genetic and 
environmental influences play a role in shaping 
alcohol abuse. Alcohol dependency syndrome is 
the medical model term for alcohol abuse (174). 
Cognitive and physiological theories have gener
ated other models. One of these is the tension 
reduction hypothesis (175). The evidence behind 
this model is that alcohol decreases the stress 
response. Studies indicate that those who have 
the highest risk of developing problem drinking 
also have the strongest alcohol‐affected stress‐
response dampening (176). In the context of the 
Australian prolonged drought and associated 
stress and related risk of mental‐health problems, 
however, alcohol/drug use was not a common 
coping strategy (37).

To identify individuals with risky alcohol con
sumption different screening forms are available. 
The Alcohol Use Disorders Identification Test 
(AUDIT) (177) may be used and addresses con
sumption as well as problems. Another instru
ment often used to identify individuals with a 
destructive drinking is the Cut down, Annoyed, 
Guilty and Eye‐opener (CAGE) model 
(Table  10.2). Patients who admit two of the 
four CAGE questions probably have alcohol 
dependence.

There are a number of chemical tests often 
used to identify overconsumption over time or 
in  the short run. Measuring liver function has 
been used for a while, but the different tests 
mostly have low specificity and low sensitivity. 
Carbohydrate deficient transferrin (CDT) is a 
protein transporter typically increased in alcohol
ism and has a better specificity than traditional 
liver tests. It is widely used to estimate long‐term 
overconsumption of alcohol. Phosphatidylethanol 

(peth) is a phospholipid formed only in the 
presence of ethanol. Peth is a good marker of pre
vious alcohol consumption, with high specificity. 
The correlation with consumption over the last 2 
weeks is significant.

People with alcohol‐related problems are more 
open to seek treatment today than in the past. 
There are a number of treatment models and set
tings. In addition, a great many alcoholics are 
able to quit drinking without formal treatment 
(178).

Alcoholics Anonymous (AA), founded by two 
alcoholics in 1935, is a well‐known treatment pro
gram used around the world. According to AA, 
alcoholics never recover. They are always in the 
process of recovering and they should be abstain
ers for the rest of their lives. AA and other 12‐step 
programs like the Minnesota model attract large 
numbers of people (179). Good temporary results 
are reported (180) but many cannot maintain 
lifelong abstention and drop out of AA.

Psychotherapy and cognitive therapy have also 
been proposed to help people with alcohol‐related 
problems. These techniques may be operated in 
groups but individual programs may be prefera
ble. It is not known how effective these kinds of 
programs are. In an analysis of a number of stud
ies 25% were reported to maintain abstinence for 
at least one year (181).

Disulfiram (Antabus®) is a substance that 
interacts with alcohol to produce a number of 
unpleasant effects, such as flushing of the face, 
chest pains, nausea, sweating, headache, and 
 difficulty breathing. It is not possible to drink 
alcohol while on disulfiram. This treatment requires 
a highly motivated and compliant patient, 
and  it  appears there is only partial long‐term 

Table 10.2 The CAGE questionnaire

1. Have you ever felt you should cut down on your 
drinking?

2. Have people annoyed you by criticizing your drinking?
3. Have you ever felt bad or guilty about your drinking?
4. Have you ever taken a drink first thing in the morning 

(eye opener) to steady your nerves or get rid of a 
hangover?
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 success (182). Acamprosate (Campral®), nal
trexone, and nalmefene are other substances 
used often in combination with psychosocial 
methods to prevent relapses and enhance the 
therapeutic efforts.

Although most treatment programs aim for 
total abstinence, it is possible to transform some 
problem drinkers into moderate drinkers (178, 
183, 184).

Most relapses in treatment programs occur 
within 90 days of the end of the program (similar 
to anti‐smoking programs) (185). Programs with 
long‐term goals incorporating relapse prevention 
tend to have the highest rates of success (186).

10.9  Suicides and Suicide 
Prevention

Suicide rates vary a great deal among countries, 
ethnic groups, with age, and over time (187). In 
Europe, Hungary has the highest rate and Greece 
the lowest. Declining rates as well as increasing 
rates have been reported. Youth suicides usually 
gain a great deal of publicity but the incidence is 
higher among adults and highest among old peo
ple. Individuals over age 85 have the highest sui
cide rate (188).

Alcohol consumption is associated with sui
cide, probably because of alcohol’s disinhibiting 
effects, and/or the person is also depressed. A 
chronic alcoholic has a deteriorating affect toward 
life, and suicide may be an act to terminate a con
dition of deprivation, disability, and exhaustion.

However, the main cause of suicide is depres
sion. Most estimates indicate that about 80% of 
all suicide victims are profoundly depressed. 
Studies of suicide victims consistently show low 
concentrations of serotonin in the brain (189). 
Low levels of serotonin metabolites are also found 
in the cerebrospinal fluid of people who have 
attempted suicide as well as high levels of cortisol 
(190). Those attempting suicide with low levels 
of serotonin metabolites are ten times more likely 
to die of suicide from a subsequent attempt 
c ompared to those who had normal levels.

Some studies suggest that farmers and workers 
in farming may have elevated suicide rates (188, 
191–193), but other studies do not confirm these 
reports (4, 172, 194, 195). Most studies refer to 
official statistics and have no other referents, 
which leads to problems in identifying and con
trolling for confounders. Farmers often have 
access to guns for hunting or recreation, provid
ing ready access to a suicidal tool. Suicides by 
farmers are commonly gun shots, in comparison 
with other groups (3, 196). More dramatic means 
of committing suicide as well as suicide ideation 
may indicate an overestimation of the suicide 
f requency (197).

Other studies indicate that the suicide inci
dence is raised in groups of farmers who have 
been oppressed by heavy economic problems or 
threats against their position as an independent 
entrepreneur (197, 198). This has been 
e specially noted in Australia with reference to 
climate change and prolonged drought (199, 
200). The problems they face may be so 
o verwhelming that some farmers can see no 
alternative.

Exposure to pesticides has also been discussed 
as a risk factor for depression and suicide, but 
most studies do not provide much evidence for 
such a supposition (201–204).

Different intervention approaches may be 
used to reduce the number of suicides. After risk 
factors have been identified some measures may 
be taken in relation to persons under risk as well 
as in groups with elevated risks (38). Individuals 
who are depressed, who just have been informed 
of a serious disease (cancer or MS), or who have 
been confronted with large social difficulties may 
be contacted and supported to come under treat
ment and supervision (37). Firearms may be 
taken away.

Farmers support programs may be helpful. To 
be effective, contacts must be personal and persis
tent. Telephone hot lines have little or no effect 
on the rate of suicide for people who call (205). 
Some farmers with mental and social problems 
may need help to close down their business and 
find other ways of living (15, 37).



370 Agricultural Medicine

10.10 Summary

A number of recent studies and articles express 
concern for farmers’ mental health related to 
upcoming new as well as traditional stress factors. 
Over the last two or three decades economic 
instability, technological imperfection, and cli
mate change have introduced a kind of “modern 
stress,” but at the same time new techniques and 
better capacity have reduced some of the previous 
hazards related to weather conditions and short
ness of capacity in critical situations.

Few studies of farmers’ mental health are avail
able. A number of reports indicate suicidal idea
tion and committed suicides related to crises such 
as mad cow disease and draughts, and statistics 
from some nations or regions seem to support 
such a phenomenon. However, this is commonly 
observed related to different types of crisis and 
few if any longitudinal studies show any consist
ent overrepresentation of depression or suicides 
among farmers.

Alcohol as an alleviator of stress is a common 
popular notation and alcohol abuse has been dis
cussed as a risk in a stressful farming context. 
Alcoholism and alcohol‐related disorders are, 
however, less common among farmers than in the 
general population, which is probably related to 
selection mechanisms.

The concept of stress and its physiology was 
described by Hans Seyle 70 years ago and at 
that time it was shown that acute stress is a 
valuable capacity‐increasing property and 
chronic stress a harmful disabling risk. Chronic 
stress is related to high blood pressure, dyslipi
demia, abdominal obesity, insulin resistance, 
negative mental effects, and suppressed immu
nological reactions with a number of related 
diseases. The level of chronic stress is related to 
how work is organized, being lower in active 
jobs and more prominent in jobs with high 
strain. Farmers have an active job with signifi
cant psychological demands and wide decision 
latitude.

Changing living and working conditions in 
rural areas may impact farmers’ general stress 
l evels and ultimately their mental health. A cultural 

gap between the farming community and the 
rest of society has been noted as lack of under
standing and mistrust, and more of an adversar
ial than cooperative relationship. In recent years 
an increasing number of conflicting interests 
have confronted the farmers as a group and often 
also individual farmers. Inspections on farms 
regarding food safety and animal welfare, activi
ties from environmentalist groups, and the 
dependence of governmental subsidizing may 
also be disturbing as it is often related to consid
erable paperwork, changing regulations, and 
controls.
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11

11.1 Introduction

The focus of this chapter is acute occupational 
trauma in agriculture resulting from a wound or 
immediate damage by sudden one‐time application 
of external force (1). Chronic and repetitive 
motion injuries are covered in Chapter  8. 
Protection and prevention are discussed briefly in 
the section on hazards and injuries in this chapter 
and are covered in more detail in Chapter 15.

This chapter provides a general description of 
fatal and non‐fatal occupational injuries in 
a griculture and discusses the unique attributes 
of farm and agriculturally related trauma. 
Furthermore, this chapter provides: (1) injury 
statistics and epidemiological data, (2) rescue and 
medical treatment considerations, and (3) illus
trative injury descriptions. It will help to provide 
an understanding of how agricultural injuries 
occur as well as assisting in anticipating medical 
implications and prevention opportunities.

The injury statistics and epidemiology section 
provides a comparative picture of the prevalence 
and types of agricultural injuries that occur in 
Western industrialized countries. The rescue and 
medical treatment section describes the medical 
challenges of managing these injuries for the best 

immediate and long‐term outcomes for injured 
farmers and farm workers. The injury scenarios 
given in the third section should enhance under
standing of agents, events, causes, treatment, pre
vention, and rehabilitation of acute traumatic 
injuries. These scenarios are augmented with spe
cial considerations for those who are first on the 
scene, first responders and rescue personnel, 
emergency medical technicians (EMTs) and 
transport personnel, emergency medical treatment 
providers, primary care providers, secondary/
tertiary care providers, and providers of rehabili
tation services.

11.2  Agricultural Injury Statistics 
and Epidemiology

Agricultural producers, including farmers, ranch
ers, farm workers and their family members, are 
exposed to many factors that contribute to the 
unacceptably high rates of fatalities and injuries 
in agriculture. These include exposures to hazard
ous machinery, unpredictable and potentially 
dangerous animals, fatigue, and a workforce that 
has a relatively high acceptance of risk of injury. 
North America is the main focus of this section, 
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but comparisons with other Western industrialized 
nations are included.

Quantifying agriculture injuries continues to be 
difficult (2). Many countries do not have reliable 
data sources. Although patterns of fatal and non‐
fatal agricultural injury vary somewhat by geogra
phy and the associated type of agriculture, the 
general circumstances and nature of injuries are 
similar across production agricultural operations in 
Western industrialized countries. At highest risk for 
injury are farm and ranch owner/operators, espe
cially elderly farmers and ranchers (3–5). Injury 
events related to tractors, notably tractor overturns 
and run‐overs, are particularly lethal. Collisions 
between farm equipment and motor vehicles on 
roadways also contribute to agriculturally related 
fatalities, though it is often the motor vehicle occu
pants who suffer more serious injuries.

Agriculture consistently ranks as one of the 
highest injury risk sectors of all industries. Fatality 
rates for agriculture in the United States and the 
28 countries of the European Union (EU) are con
sistently several times greater than the average rate 
for all industries combined (Figure  11.1). For 
these reasons, agriculture is often described as one 
of the most hazardous industries in which to work.

11.2.1  Fatal Agricultural Injuries: 
Statistics

The most reliable source of fatal injury data in the 
United States is the US Department of Labor (DOL) 
Bureau of Labor Statistics (BLS) Census of Fatal 
Occupational Injury (CFOI) database (6). From this 
data, the National Institute for Occupational Safety 
and Health (NIOSH) Divi sion of Safety Research 
reported that in 2014 374 farmers and farm workers 
died from a work‐related injury and tractor over
turns were still the leading cause of death (7).

EUROSTAT, the statistical office of the EU, is 
the most reliable source of EU injury statistics. 
EURO STAT data show an average of 417 agri
culturally related deaths per year from 2009 to 
2012 (8).

The Canadian Agricultural Injury Reporting 
(CAIR) program, managed by the Canadian 
Agricul tural Safety Association (CASA), is the 
main source of agriculturally related injury data 
for Canada. CAIR data for 2012 show an average 
104 agricultural deaths per year in Canada from 
1990 to 2008 (9).

In Australia, over the five reporting years from 
2007/08 to 2011/12, 294 agriculture, forestry, 
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and fishing workers died from work‐related inju
ries (10). Three‐quarters of these injuries involved 
a vehicle. The total number of deaths equates to 
16.81 fatalities per 100 000 workers, which is 
seven times the national rate of 2.29 (10).

In New Zealand, 112 agricultural production 
workers died from 2007 to 2013, which is 27% 
of all work‐related fatalities (11).

Transportation incidents make up the largest 
portion (48%) of injury events or exposures for 
agricultural workers in the United States 
(Figure 11.2) (7). Traditionally health and safety 
professionals overlooked this category, but more 
recently increases in roadway collisions have led 
to a greater concern for this source of injuries. 
Transportation incidents are followed by contact 
with objects and equipment (31%) then assaults 
and violent acts (7%), including acts by animals.

Tractors and machinery continue to be a major 
source of fatalities in the US agriculture industry 
despite the 28.5% decrease from 1992 to 2007 in 
tractor overturn fatalities (12).

Entanglements are another type of machinery‐
related injury and occur in the moving parts of 
machines, for example:

•	 in the power take‐off (PTO) and driveline 
between the tractor and implement

•	 in the secondary drives that transfer power to 
various parts of a machine

•	 in crop‐gathering, ‐processing, ‐transfer, and 
‐discharge mechanisms.

Entanglements also occur in stationary instal
lations with moving machinery parts, such as 
augers and conveyors for handling commodities, 
livestock feed, and manure.

The non‐machinery portion of US agricul
tural fatalities includes a mix of animal injuries, 
falls, suffocations in grain, electric current 
a ccidents, and drowning.

In summary for the United States, machinery‐
related incidents comprise the majority of deaths 
in agriculture and the majority of machinery 
deaths result from tractor‐related events. Most 
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Assaults and violent acts 
(including by animals)
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Falls
5%

Exposure to harmful
substances or environments

7% Fires and explosions
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Figure 11.2 Agricultural injury event or exposure, US farms with over 10 employees. (Source: US 
Dept of Labor BLS. Injuries, Illnesses, and Fatalities (IIF) program. 2014. http://www.bls.gov/iif/home.htm.)
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tractor fatalities are overturns, followed by run‐
overs, roadway crashes, and PTO entanglements. 
Entanglements are the main cause of non‐tractor, 
machinery‐related fatalities. Non‐machinery fatal
ities can arise from a broad spectrum of events.

Any global, regional, or national characteriza
tion of fatal farm injuries must take into account 
the substantial differences in agricultural prac
tices, such as the impact of mechanization and 
health and safety regulations. For example, trac
tor overturn fatalities in Europe, Scandinavia, 
and Australia/New Zealand are dramatically 
lower because of a high proportion of their t ractor 
fleets are equipped with a roll‐over protective 
structure (ROPS) or ROPS cab. For example, 
between 1959 and 1990 in Sweden, the number 
of tractors with ROPS increased from 3% to 93% 
(encouraged by government policy) amid a 275% 
increase in the number of tractors in use (including 
new tractors with ROPS cabs) while tractor over
turn fatalities dropped from 12 to 0.3 per 100,000 
farm tractors (13, 14).

11.2.2 Non‐fatal Agricultural Injuries
Obtaining comprehensive statistics for non‐fatal 
events is more difficult than for fatal injuries. In 
the United States, there is only periodic not 
r outine comprehensive national surveillance for 
non‐fatal agricultural injuries (14).

In 1990, NIOSH implemented an extensive 
agricultural safety and health program to address 
the high risks of injuries and illnesses experienced 
by workers and families in agriculture. One com
ponent of this program was the development of a 
periodic surveillance program to track non‐fatal 
injuries occurring to adults working in agricul
ture. An initial step in the development of the 
surveillance program was the completion of the 
Occupational Injury Surveillance of Production 
Agriculture (OISPA) survey (7). This survey was 
conducted to produce national and regional 
e stimates of the number of occupational injuries 
to adults 20 years of age and older. NIOSH 
c ollaborated with the US Department of 
Agriculture’s National Agricultural Statistics 
Service (USDA‐NASS) to conduct the surveys 

for the years 2001, 2004, 2009, and 2012 (7). 
These data are presented in Table 11.1 (by type of 
farm association, e.g. household member) and 
Table 11.2 (by type of injury) (7).

Table 11.3 summarizes the national estimates 
of agricultural work‐related injuries to adults 
(20 years and older) on US farms by body part 
injured, source of injury, and circumstances of 
injuries for 2001, 2004, 2009, 2012 (all years 
combined) (7).

The aggregated US figure for these years indi
cate that approximately 53% of injuries were 
associated with livestock operations and 47% 
were associated with crop operations.

In Canada, compiled data from 1990 to 2000 
for hospitalized agricultural injuries indicated the 
most common causes were associated with ani
mals first (injuries without open wounds), fol
lowed by machinery and falls (15). The most 
frequent primary diagnoses were fracture – lower 
limb (15.5%), fracture – upper limb (13.2%), 
open wound – upper limb (9.1%), and fracture – 
spine or trunk (8.8%).

In Finland (1992), the body parts injured 
most frequently were, in descending order, (1) 
the knee/lower leg/ankle, (2) hand, (3) head 
excluding eyes, (4) shoulder/upper arm/elbow, 
(5) foot, and (6) eyes. In Finland (1996), the 
body parts injured most frequently, also in 
descending order, were (1) lower limb from ankle 
to hip, (2) back and spine, (3) upper limb from 
wrist to shoulder, and (4) fingers (16).

Non‐fatal injury data are often gathered by 
survey. More objective data may be found in 
health insurance claims, worker compensation 
claims, and medical or hospitalization records. 
The medical and non‐medical costs associated 
with injury, for an individual or group, can be an 
indicator of severity.

Another indicator of severity is length of hospital 
stay. Of 14,987 machinery‐related agricultural 
injury cases in Canada (1990–2000) grouped by 
primary diagnosis, the median length of hospital 
stay was 3 days, the mean 5.9, and the standard 
deviation 11.6 days (15). The top five injuries by 
length of stay in this list were (1) fracture of the 
spine and trunk (6 days), (2) internal injury of chest, 
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pelvis, and abdomen (5 days), (3) injury to blood 
vessels (5 days), (4) fracture of a lower limb (4 days), 
and (5) open wound to a lower limb (4 days).

In the same Canadian study, hospitalized 
machinery‐related agricultural injury incidents 
by primary diagnosis had a median 3‐day length 
of stay, a mean of 6.9 days, and a standard 
d eviation of 12.6 days. Canadian non‐machinery 
incidents had a median stay of 2 days, a mean of 
5.0 days, and standard deviation of 10.7 days. 
The top five injuries by median length of stay for 
non‐machinery incidents were (1) injury to blood 
vessels, (2) fracture of the spine and trunk, (3) 
fracture of a lower limb, (4) internal injury of 
chest, pelvis, or abdomen, and (5) burns. The 
mean stay for this group of primary diagnoses 
ranged from 6 to 4 days.

To put injury statistics in perspective, risk fac
tors must be considered as not every farm person 
has the same probability for suffering an injury. 
Risk factors can be divided into those that are 
r elevant to the farm operation and those that are 

personal or health characteristics of the individual. 
Increased risk of an injury related to the farm
ing  operation include farms that have livestock 
production, large acreages, higher income, higher 
debt loads, require working longer than 50 hours 
per week, and farms where the operator lives on 
the farm. Health conditions that predict increased 
risk include depression, poor hearing and vision, 
back pain, taking prescription medications, and 
history of a prior injury. Personal and demo
graphic risk characteristics include the young 
(less than 20) and the old (above 65), education 
beyond high school, and being of Hispanic or 
African descent. These risk factors can be used 
to  help health and safety providers to counsel 
their patients and clients, and design prevention 
programs. Table  11.4 summarizes these risk 
f actors, organized relative to farm or personal 
characteristics (17–26).

Summarizing, non‐fatal agricultural injuries 
are a substantial component of the work injury 
toll in Western industrialized nations. Livestock 

Table 11.2 National estimates of agricultural work‐related injuries to adults 
(20 years and older) on US farms by nature of injury

Nature of injury 2001 2004 2009 2012

Bruise 8,856 9,720 4,744 5,307
Sprain/strain/torn ligament 16,638 17,548 10,114 8,720
Fracture 17,340 12,175 7,500 11,416
Cut 14,791 10,775 6,936 6,842
Multiple injury 9,623 9,839 5,548 3,747
Other injuries a 20,523 20,272 12,464 25,025
Total b 87,503 80,329 47,332 61,057

a Includes scrape/abrasion, dislocation, puncture/stab/jab, traumatic rupture, crush/mangle, amputation, 
nerve injury, burn/blister/scald, traumatic brain injury, and other/unknown injuries.
b Estimates may not sum due to rounding.
Source: Occupational Injury Surveillance of Production Agriculture Survey, 2001, 2004, 2009 and 2012.

Table 11.1 National estimates of agricultural work‐related injuries to adults 
(20 years and older) on US farms by type of adult worker

Type of adult worker 2001 2004 2009 2012

Household 56,661 58,914 35,190 43,987
Hired 19,095 12,166 6,659 9,995
Visitors 8,018 5,736 5,115 6,297
Unknown 3,728 3,512 368 778
Total a 87,503 80,329 47,332 61,057

a Estimates may not sum to total due to rounding.
Source: Occupational Injury Surveillance of production Agriculture Survey 2001, 2004, 2009 and 2012.
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and machinery are the two principal agents 
involved in these events, which include being 
struck, caught, run over, entangled, and pinned. 
Most often these events result in strains and 

sprains, fractures, and open wounds to the upper 
and lower extremities or to the trunk of the body. 
The more severe multiple injuries affect several 
body parts and systems.

Table 11.3 National estimated of agricultural work‐related injuries to adults (20 years and 
older) on US farms by injury characteristics, 2001, 2004, 2009, 2012 (all years combined)

Injury characteristics All working adult injury estimates 2001, 2004, 2009, 2012

Nature of injury
Scrape/abrasion 8,654
Bruise 28,627
Sprain/strain/torn ligament 53,020
Fracture 48,431
Dislocation 4,753
Cut 39,371
Puncture/stab/jab 11,797
Traumatic brain injury 7,296
Multiple injuries 28,757
Other injures a 45,515

Body part
Head/skull 15,557
Face/neck 13,663
Shoulder/chest/back 47,708
Abdomen/pelvic region 7,398
Arm 15,133
Hand/wrist/fingers 56,383
Leg 36,371
Foot/angle/toes 30,182
Multiple body parts 24,630
Other body parts b 29,197

Source of injury
Machinery 18,774
Parts/materials 21,126
Persons/plants/animals/minerals 79,841
Structures/surfaces 61,091
Tools/instruments/equipment 21,289
Vehicles 23,940
Other sources c 50,159

Injury event
Contact with objects and equipment 90,950
Falls 55,057
Bodily reaction and exertion 36,423
Exposure to harmful substances/environments 10,701
Transportation accidents 18,444
Assaults and violent acts d 30,749
Other events e 33,894
Total f 276,221

a Includes traumatic rupture, crush/mangle, amputation, verve injury, burn/blister/scald, and other/unknown injuries.
b Includes internal injuries and other/unknown body parts.
c Includes chemicals and chemical products, containers, furniture/fixtures, and other/unknown sources.
d On‐farm assaults are predominantly assaults by animals.
e Includes fires/explosions and other/unknown events.
f Estimates may not sum due to rounding.
Sources: Occupational injury Surveillance of Production Agriculture Survey, 2001,2004,2009 and 2012.
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11.3  Medical Considerations of 
Acute Agricultural Injuries

The previous section highlighted the statistics 
for acute traumatic injuries that occur in agricul
tural communities. There are unique considera
tions for the medical treatment of these injuries 
compared to workplace injuries experienced in 
other occupational settings. Injuries in agricul
ture stem from a complex chain of factors that 
include the culture and behavior of farm people, 
the nature of farm work, machines, animals, and 
the physical environment. This requires an 
understanding of the risks and circumstances as 
well as the resultant injuries. Special education 
regarding rural and agricultural trauma is there
fore important in the preparation of rural health 
and safety professionals. The lack of on‐farm 
observations and inexperience with actual farm
ing and ranching further highlights the potential 
for gaps in understanding. The challenge of 
identifying and appropriately treating injuries 

plus managing recovery and rehabilitation 
among those engaged in agricultural activities 
places an important responsibility on the rural 
lay and professional responders and healthcare 
professionals, who must understand the environ
ment in which their patients work and the 
requirements of the tasks they perform. The pre
sent section addresses these issues.

The actions and interactions of various lay and 
professional providers working as a well‐prepared 
team or chain of responders interacting in an 
informed manner provides the best possible out
come for a farm injury victim. Members of this 
team include:

1. the first person on the scene, who may be a 
family member, co‐worker, employee, or 
bystander

2. first responders, who may include fire‐rescue 
and law enforcement personnel

3. the emergency medical services (EMS), which 
may include EMTs and others providing first 
aid, stabilization, and transportation to the 

Table 11.4 Risk factors for occupational injuries in production agriculture

Characteristic Reference

Farm/work operation characteristics
Hours per week worked
Employee or contractor, low income, lack of safety training, 
lack of safety and guarding equipment
Work with livestock production
Higher acres farmed and higher average farm income
High debt load
Residence on the farm

(17–19, 23, 26)

(18, 26)
(22)
(18, 26)

Personal and human characteristics
Symptoms of depression
History of a previous injury
Hearing impairment
Vision impairment
Prescription drug use
Elderly
Young

<39 years
<20 years

Male

(24)
(20)
(19)
(20)
(19, 20, 22)
(18, 21)
(19)
(20)
(25)
(18, 26)

African descent (20)
Hispanic descent (20)
Back pain (23)
Education level beyond high school (19)
Farm alone (26)
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emergency room or the most appropriate 
healthcare facility

4. emergency room care providers
5. secondary and tertiary care providers
6. rehabilitation specialists.

Special considerations for managing acute 
agricultural injuries include the fact that they are 
confounded by the “triad of Ts”: (1) excessive 
time until treatment, (2) excessive trash or wound 
contamination, and (3) excessive trauma to 
t issues and organs.

Regarding time, most farmers work alone and 
may be trapped or caught in a machine away from 
anybody and not noticed missing and not found 
for several hours following an injury. Often the 
first sign to a family member that something 
might be wrong is when the person does not 
return for the midday or evening meal. In the 
United States (and similarly in most Western 
industrialized countries) over 50% of farmers’ 
spouses are employed off‐farm, which is a factor 
in the delay in even realizing a person is missing 
till after the spouse’s regular work hours have 
ended. Additional time is required for EMS to 
reach the scene, and even more time is needed to 
extract and transport the patient to the emergency 
room or advanced care. This elapsed time increases 
the adverse effects of blood loss, shock, tissue 
damage, and wound contamination. Military and 
trauma surgeons have identified the “golden 
hour” of time from injury to stabilization and 
p rimary medical care, which is closely related to 
the survivability and good outcomes of patients suf
fering severe traumatic injuries. Farm injury victims 
may not reach medical care for several hours.

The agricultural working environment is usu
ally not a clean place. Soil, manure, microbes, oil, 
fuels, fertilizers, and plant protection chemicals 
are some of the substances that may contaminate 
a wound. Antibiotic‐resistant infectious organ
isms are common in the farm environment, and 
may infect a wound and complicate treatment.

Agricultural machinery‐related injuries may 
be extremely traumatic, with extensive tissue 
damage. Although these types of injuries may 
have a low probability of severe hemorrhage, they 

decrease the potential long‐term functionality of 
the affected limb or body part. The severely devi
talized tissue, combined with wounds that are 
often contaminated with animal manure or soil, 
can create an environment that provides ideal 
growth for anaerobic organisms like Clostridium 
tetani (which causes tetanus), or Clostridium 
p erfringens (a common cause of gangrene).

Improved technology and facilities, including 
emergency communications, advanced treatment 
at the site, and improved transportation to high‐
level care facilities, have dramatically reduced 
deaths among roadway crash victims and battle
field casualties. However, these improvements 
have not accrued to the same extent to benefit the 
farm person who has suffered a serious farm 
injury because of the inherent time lag in locat
ing, rescuing, and transporting the victim to a 
definitive care facility. Furthermore, there may be 
a lack of appropriately trained personnel in rural 
areas to manage these injury situations.

A basic understanding of farming, its people, 
their inherent occupational injuries, and special 
considerations for treating their injuries is vital 
for personnel in all links of the chain of respond
ers to assure as near complete recovery as possible 
for farm injury victims.

11.4 First on the Scene/First Aid

11.4.1 General Considerations
The initial location and management usually 
comes from a relative or neighbor at the scene, 
which is probably located some distance from the 
nearest medical facility. Understanding rescue 
procedures and basic first aid methods is 
extremely important for those likely to be first on 
the scene. Familiarity with the victim coupled 
with lack of formal training can create problems 
for the safety of both the patient and the rescuer.

Confronted with a situation involving a family 
member or close friend, the person first on the 
scene may rush to rescue without considering 
their personal risk. The fact that nearly 60% of 
confined‐space victims are would‐be rescuers 
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illustrates the magnitude of this hazard. A classic 
example is a situation where two brothers died 
trying to rescue their father from a manure pit 
(27). Similar situations have been repeated many 
times, resulting in many unnecessary deaths of 
family members and other first‐on‐the‐scene 
responders. Farm family members and others in 
the rural environment who might encounter 
farm injury situations (28), including feed and 
seed salesmen, veterinarians, and milk truck 
d rivers, should have training that includes the 
following basic components (28):

1. An understanding of the basic types and 
c ircumstances of acute agricultural injuries.

2. An understanding of how to assess a situation 
(prior to action) to avoid harm to the rescuer.

3. An understanding of how to prevent further 
harm to the victim, e.g. the first responder 
should know how to shut off equipment.

4. An understanding of how to summon the 
r escue and EMS, give them accurate directions 
to the injury scene.

5. An understanding of first aid and cardiopulmo
nary resuscitation (CPR) such as training offered 
by Red Cross or another similar p rogram (29).

This knowledge base, and the general opera
tional approach at the scene of an injury event as 
outlined below, will help to ensure the best 
o utcome for the victim and the safety of the 
responders (30).

11.4.2 Designate a Leader
A worker who has had first‐aid training or the 
senior person at the scene should assume leader
ship. This person should direct the rescue until 
the emergency services arrive and should update 
them on the situation, condition of the patient, 
and any treatment administered.

11.4.3  Assign a Specific Person to 
Call for Help

The emergency dispatcher will need to know the 
exact location and condition of access to and at 
the site of the incident (muddy, steep, rough), the 

type of equipment involved in the incident, the 
number of victims, and the extent of their inju
ries. A sentinel person might be needed to stand 
at the roadway access to direct the responders to 
the injury event location.

11.4.4 Assess the Rescue Situation
Evaluate the situation and develop a rescue plan. 
Stabilize equipment to minimize the chance of 
collapse or further injury. Actions to help should 
not exceed the limitations of the rescuers and 
available equipment.

11.4.5 Establish a Hazard Zone
Allow the rescuers room to work at freeing the 
victim. Only the rescuers should be in that area. 
This area may contain hazards such as fire, toxic 
or flammable gases, and structural damage.

11.4.6 Provide Emergency First Aid
Restore breathing and circulation if necessary. If 
bleeding, apply pressure to related pressure 
points. Administer any additional first‐aid 
treatment.

11.4.7 Stay Calm
Calm the victim by keeping one rescuer near the 
victim at all times.

11.4.8  Preserve Tissues if Amputation 
Occurs

Surgical reattachment may be possible. Locate 
the appendage, wrap it in a moist towel, and put 
it in a plastic bag labeled to identify the patient. 
If saline solution or tap water is not available, 
contact lens fluid or even a soft drink may be 
used (31). Keep the part on ice but do not let it 
freeze, and make sure it gets transported to the 
emergency room with identification of the 
patient. Avoid clamps on the injured stump to 
protect vessels, nerves, and soft tissue and improve 
the prognosis for reattachment.
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11.4.9  Decide to Call Immediately 
for Assistance, or Administer 
First Aid

The assessment skills and judgment of the person 
first on the scene are extremely important. 
Immediate recognition of the type and seriousness 
of the injury is crucial. If there is only one person 
first on the scene, that person will have to make a 
decision to render first aid immediately or go 
directly for help. This decision depends on the 
severity of injury, and the responder’s judgment 
and ability to administer first aid correctly. The 
four most life‐threatening conditions requiring 
immediate attention are blocked air passages, res
piratory arrest, circulatory failure, and severe 
bleeding (32, 33). Ideally, every farm family mem
ber and rural business or service representative 
should be trained in basic first aid and CPR (29).

11.4.10 General First‐aid Supplies
Every farm should have basic first‐aid kits. These 
kits and their prescribed location and manage
ment is based on a basic principle of the Certified 
Safe Farm Program (34). If the first‐aid supplies 
are not readily accessible, they will not be used, 
therefore a worse outcome of a minor or major 
injury will likely be the result. There should be 
two types of kit: (1) a comprehensive (“mother”) 
kit to cover minor and severe trauma that also 
acts as a store to supply smaller personal kits and 
(2) personal kits (supplied from the mother kit) 
for minor trauma that the producer or worker 
should have in readily accessible locations, such 
as in a small belt‐attached pack carried on their 
person or located in their farm truck, tractor, or 
harvester cab. A copy of Table  11.5 should be 
kept in the mother kit and be used as an inven
tory checklist. One person should be designated 
to regularly check and restock supplies as needed. 
The mother kit should be located in a central 
location(s) such as the machine shop, the farm 
office, or the home. First‐aid materials should be 
kept in an enclosed container that keeps out dirt 
and water. The contents for both the personal 
and mother kits are given in Table 11.5, modified 

from the recommended USDA Cooperative 
Extension Service (35).

Health professionals in rural areas can perform 
a vital public service by facilitating first‐on‐the‐
scene training courses in their community. This 
training can complement high school or commu
nity college agricultural programs, 4‐H programs, 
and agricultural business programs, and can occur 
wherever farm families gather. There is an extensive 
amount of reference and training material available 
through the US Cooperative Extension Service 
and others such as the National Farmedic Training 
Program of McNeil and Company (36).

11.5  First Responders and 
Emergency Medical Treatment, 
Rescue/Extrication, 
and Transport

Rural communities often have fire and rescue 
squads primarily composed of volunteers. These 
professionals are well trained in the basics of fire
fighting. In many cases they have been cross‐
trained in basic first aid and CPR to handle 
emergency or rescue situations. These services are 
often called on as first responders to an injury 
scene or extrication situation.

In addition to first responders, many rural com
munities have some level of EMS. These services 
are usually located within an ambulance service that 
may be a local governmental agency or a private 
enterprise, or affiliated with a hospital. The person
nel of these services are more highly trained in med
ical care compared to first responders. They may be 
staffed with either volunteers or paid employees. 
The staff complete certificate training programs 
which contain set standards to progress through 
various steps of EMS training. These professionals 
have the ability to work under a set of standard 
protocols and under the guidance of a physician.

11.5.1 Training
Continuing education is important for both first 
responders and EMTs. However, resources for 
initial and continuing education for them may 
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be limited by distance to the program venue, 
their lack of available time if they are volunteers, 
and insufficient financial resources to pay for 
the training.

Although these professionals may be well 
trained in basic firefighting and emergency 

 medicine techniques, few of them are trained in 
the specifics of farm rescue and emergency medi
cal treatment. There are many unique features of 
farm injuries for which regular training should be 
supplemented. There are well‐recognized train
ing programs to prepare rural service providers. 

Table 11.5 First‐aid kits for the farm

Number Item description Size

Personal first‐aid kit
4 Adhesive bandages (e.g., Band‐Aids) 1” × 3”
4 Alcohol or povidone iodine pads for cleaning small wounds
1 An antiseptic or antibiotic spray for wounds (preferably in a 

pump bottle)
2 Knuckle bandages
1 Eyewash solution
1 Gauze roll (cling gauze preferable) 2” roll
1 Adhesive tape roll 1” × 5 yards

Mother box first‐aid kit
1 Card with the phone numbers for the local emergency rescue 

service, the family physician, and the poison control center
1 Basic first‐aid manual (e.g., The American Red Cross First Aid Manual)
1 Adhesive tape roll 1” × 5 yards
12 Adhesive bandages (e.g., Band‐Aids) 1” × 3”
5 Adhesive bandages (e.g., Band‐Aids) 2” × 4”
10 Butterfly closures
5 Knuckle bandages
1 Triangular bandage for use as a sling, splint, or to control bleeding Large (36”)
4 Safety pins (e.g., to use to make a sling)
5 Cotton‐tip applicators
1 CPR face shield
1 Emergency thermal blanket
4 Eyewash solution with eyewash cup 0.5 ounce
1 Eye pad 2” round
2 Finger splints
12 Sterile gauze dressings 4” × 4”
1 Sterile trauma pad 8” × 10”
4 Examination gloves
2 Instant cold compress
1 each Gauze roll (cling gauze preferable) 2” and 4”
1 Elastic bandage 3”
1 Bandage scissors (heavy duty to cut clothing material)
1 Thumb forceps (tweezers)
2 Antiseptic or antibiotic spray for wounds (preferably in a pump bottle)
6 Antibiotic ointment
1 8 ounces of sterile water and an antiseptic soap, such as Betadine, 

to wash wounds
12 Alcohol pads for cleaning small wounds
3 Povidone iodine pads for cleaning small wounds
3 Sting relief pads
12 Antiseptic towelettes
1 each Plastic bags (for storage and transportation of amputated limbs or 

other tissues)
Garbage – size, 2 kitchen size, and 2
liter‐sized zip lock

1 Contents guide/refill information
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The most recognized program in the United 
States is Farmedic (36). This program was initi
ated in 1981 and now operates out of the private 
firm McNeil and Company in New York State. 
The main goal of Farmedic training is “to provide 
rural fire/rescue responders with a systematic 
approach to farm rescue procedures that address 
the safety of both patients and responders”. Over 
28,000 responders have been trained by this pro
gram in 48 US states and Canada, and instructors 
now exist in many regions of the United States.

Special training is needed to ensure rescuers 
are aware of further risks to the victim and to 
themselves as rescuers, and how to mitigate these 
risks. They are trained in farm fire and rescue 
situations such as extraction of a person entan
gled in a combine header or PTO shaft, engulfed 
in a grain bin, or downed in a silo. They can also 
extinguish a silo fire. They also learn about spe
cial rescue equipment and how to use it in spe
cific farm rescue scenarios.

Rural farm fire/rescue services are equipped 
with standard tools such as rescue air bags, recipro
cating saws, abrasive disk saws, hydraulic spreaders 
and cutters, and air chisels that are adequate to han
dle most automobile crashes. However, farm equip
ment is sturdier and made with stronger and thicker 
steel compared to the automobiles for which most 
rescue tools were designed. Often it is best, and 
more expedient, to take the equipment apart rather 
than destroy it to release the victim. Since rescuers 
may or may not know how to do this, it can be 
important to have a person at the scene familiar 
with the mechanics of the equipment, such as a 
neighboring farmer or an employee of a local farm 
machinery dealer. Dismantling the machinery may 
actually be safer for the victim, and also be pre
ferred by the victim because his equipment is 
expensive, insurance may not cover this type of 
destruction, and the farmer will most assuredly 
be hoping to be able to use it again in the future.

11.5.2  Other Special Considerations 
of Farm Rescue

The American Academy of Orthopedic Surgeons 
book Rural Rescue and Emergency Care (37) 
describes three phases of rescue: locating, assessing 

and stabilizing, and transporting. The following 
sections emphasize the important considerations 
previously introduced in this chapter.

Locating

Finding the scene of a farm injury is often com
plicated. Even though many rural residences in 
the United States now have emergency (911) 
addresses with specific GPS coordinates, those 
coordinates will locate only the center point in 
the road in front of the driveway to the farmstead. 
The injury scene may be far from the farmstead 
or public roadway. Additionally, cell phones do 
not work in some remote areas. A first responder 
may need to designate a rendezvous point to meet 
the rescue team and guide them to the incident 
location. Direct access to the patient may also be 
complicated by inclement weather, lack of roads, 
and difficult surface conditions such as creeks 
and steep slopes.

Assessing and Stabilizing

The patent may be trapped or entangled in the 
machine. Freeing them may be complicated by 
the need to make immediate decisions regarding 
life‐threatening issues alongside concerns about 
causing further injury by moving a person. For 
example, preventing the risk of a fire or explo
sion, contact with electricity from a downed wire, 
or contamination of the patient by various agri
cultural chemicals must be weighed against mov
ing a victim with a possible spinal cord injury. It is 
essential for the rescuer to assess these hazards 
considering possible risk to him or herself, and 
risk of further harm to the victim. Extended inci
dents may require rescue personnel to provide 
emergency medical care for more than an hour, 
assume additional patient care responsibilities, 
exercise well‐developed assessment techniques for 
delayed onset conditions, and cope with increas
ing stress and deteriorating patient condition (37).

Transporting the Patient

Fire/rescue vehicles may need to be equipped 
with four‐wheel drive capability to reach the 
injury scene and get back to the main road for 
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transport to the hospital. It may also be impor
tant to have a four‐wheel drive vehicle or tractor 
at the scene to assist if rescue vehicles become 
stuck and need to be pulled out.

EMS personnel need excellent assessment skills 
to communicate with the local healthcare facili
ties. To ensure the best outcome for the patient 
they should be transported to the closest facility 
where they can be stabilized. Depending on the 
degree and nature of the injuries that decision 
may mean transport to a trauma center. If the dis
tance and emergency nature of the injuries require 
a helicopter ambulance, that request should be 
made as early as possible following notification of 
the incident since the distance to these secondary 
or tertiary care facilities is usually much greater 
than that to the nearest primary care facility.

Sometimes the person first on the scene and/or 
the victim will choose self‐transport. Transporting 
a person with what appears to be a simple injury, 
such as a broken arm or leg, can involve complica
tions. Fractures should be properly immobilized 
before transport. Moving a person with a broken 
bone can damage the bone, cause additional 
bleeding, and otherwise adversely affect blood 
vessels, nerves, or other surrounding tissues. A 
first responder without first‐aid equipment may 
have to call on his or her creativity, using rolled 
newspapers, magazines, or other materials to fash
ion a splint and immobilize the fracture.

The transport team or person must be pre
pared to provide information important to the 
emergency room personnel as they perform 
immediate care. The following questions can be 
used as a guide:

1. Was the patient’s skin or clothing contami
nated with any of the following materials that 
would make it necessary to get his or her 
clothes off and wash the skin? If so, what was 
the contamination?
•	 Pesticides (what type: insecticide, cho

linesterase inhibitor or herbicide).
•	 Anhydrous or aqua ammonia fertilizer.
•	 Fuels or fluids, e.g. gasoline, diesel, motor 

or hydraulic oils, or battery acid.
•	 Animal wastes or soil contamination of an 

open wound.

2. Is there possible foreign body contamination 
of the wound?

3. Was there amputation of a body part that may 
be a candidate for surgical reattachment, and 
is the body part being transported with the 
patient?

4. Was the mechanism of the injury such that it 
might cause injuries that are not externally 
obvious (e.g., closed blow or crushing injury 
to the chest or abdomen)?

11.6 Emergency Room

The first goal of the emergency room personnel is 
to create no further harm, stabilize the patient, 
and make appropriate referral to the next level of 
care or release to the patient’s home. Emergency 
room personnel should ascertain the information 
mentioned in points 1–4 above and provide care 
accordingly. If the patient has been exposed to 
fuels or chemicals, for example as a result of a 
tractor or machine overturn, the patient’s clothes 
must be removed and the body washed 
t horoughly. If an amputation has occurred, the 
patient should be assessed for possible reattach
ment surgery following stabilization. The body 
part must be obtained from the injury scene, kept 
on ice, and brought to the emergency room. Also 
consider that the patient may have secondary 
injuries, such as pig bites on victims trapped 
around livestock, or injuries to the contralateral 
side, self‐induced while trying to escape.

Possible wound infections resulting from 
a ntibiotic‐resistant organisms of animal origin 
indicate avoiding classes of antibiotics that are 
commonly used on the farm (early beta‐lactams 
(e.g. penicillin), tetracyclines, macrolids, sul
fonamides) and starting with newer generations 
of antibiotics while waiting for culture and sen
sitivity assessments. Considering antibiotic cov
erage for anaerobic organisms, reasonable 
choices to start antibiotic therapy for a farm 
injury could include (1) amoxicillin, or a sec
ond‐ or third‐generation cephalosporin, (2) an 
aminoglycoside (e.g., gentamycin), or (3) a 
combination of a cephalosporin and an amino
glycoside (e.g., cefuroxime and gentamycin). 



392 Agricultural Medicine

Consideration should be given to delaying 
wound closure until it is certain the infection is 
under control, or allow the wound to heal by 
secondary intention.

One should make sure the patient is up to date 
on his or her tetanus immunization. The current 
recommendation in the case of a clean minor 
wound is to immunize if less than three total 
doses, or unknown, or greater than 10 years since 
last dose. For severe, contaminated wounds, 
immunize if less than three lifetime doses (plus 
250 IU tetanus immunoglobulin) or if greater 
than 5 years since last tetanus immunization 
(38, 39). Table 11.6 summarizes the recommen
dations for tetanus immunization in considera
tion with wound care (39).

11.7 Primary Care

Many of the special considerations for agricul
tural injuries in the emergency room carry 
f orward into primary care treatment. All of the 
previous considerations need attention to assure 
they have been dealt with appropriately. If they 
have not been dealt with in the emergency room, 
they must be dealt with in primary care.

One can assume that the patient will be very 
anxious about ensuring the farm work gets done, 
and he/she will want to get back to work sooner 
than medically advised. Farmers are often stoic 
individuals and resist extensive care. The healthcare 

provider must consider the patient’s concern that 
there often is no one else to do their work at 
home. There is no one to milk the cows, or feed 
the pigs, or plant, or harvest, creating a very anx
ious patient who is sometimes too motivated to 
get back to farming for his or her own good. It is 
therefore good to practice some “social medi
cine” in these instances. Call the farmer’s neigh
bors or relatives and help make arrangements for 
temporary care of the farm. The Scandinavian 
countries are advanced in this regard, as they 
have a special service that provides relief work 
for  farmers in time of sickness or vacation. 
Unfortunately, these services are not widespread 
internationally.

If the patient is to go home directly from pri
mary care, the provider should assume the patient 
will be out working on the farm sooner than ideal 
and should therefore consider some accommoda
tion to either prepare for an earlier, safe return to 
work or introduce something that may discour
age the patient from working until healing is 
more assured. Examples might include (if a frac
ture is involved) making an extra heavy walking 
cast that can be protected from water and will 
hold up while performing work around the farm, 
or making a cast that will impede working to the 
extent that it will encourage the worker to stay off 
work for a while. Furthermore, if a laceration or 
surgery was involved, tension sutures could be 
used as a precautionary measure to help hold the 
suture line intact even under stress.

Table 11.6 Recommendations for tetanus immunization in wound management

Immunization history Minor, clean wounds Severe, contaminated wounds

Tetanus toxoid Tetanus immunoglobulin Tetanus toxoid Tetanus immunoglobulin

Less than three lifetime doses or 
unknown

Yes No Yes Yes

Three or more lifetime doses, 
less than 10 years since last dose

No No Yes No

Three or more lifetime doses, 
last dose more than 10 years ago

Yes No Yes No

Three or more lifetime doses, 
last dose more than 5 years ago

No No Yes No

Source: Reference Center for Disease Control and Prevention http://www.cdc.gov/vaccines/pubs/pinkbook/tetanus.html.
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11.8 Secondary/Tertiary Care

If the patient has injuries that require secondary 
or tertiary treatment, such as reconstruction, 
attachment, or amputation, special consideration 
should be given to the patient’s continued func
tioning as a farmer. The physician should discuss 
the options with the patient and his/her family, 
and consult with occupational and rehabilitation 
therapists for reconstruction, considering the 
patient’s desire to continue farm work and the 
procedures that may result in maximum occupa
tional function for the particular patient as 
opposed to cosmetic appearance. For some 
patients, an appropriate prosthesis may be better 
than a partially functioning reattachment. Certain 
kinds of prosthesis may provide much more func
tion for the farmer. An occupational therapist can 
be a valuable consultant in these situations.

In general, for amputations there must be soft 
tissue padding over bony ends and amputation 
should be as distal as possible, especially in chil
dren, to preserve growing ends. Retention of a 
small amount of proximal humorous and simi
larly a small length of proximal radius and ulna 
may be of little value. It is important to preserve 
the knee. Above knee amputations should be in 
the midsection or distal end of the femur. 
Retaining the carpus can be important in hand 
injuries. Retention of a thumb is important as 
there is functional value if opposition between 
the digits and thumb can be achieved (40).

Return to an adequately functioning extremity 
often requires protecting repaired structures, con
trolling swelling, and restoring motion through 
occupational therapy. Unlike other industrial 
workers, who may be reassigned to other tasks or 
put on disability, the farmer may not have an 
option for disability and will most likely have a 
strong desire to return to farming.

11.9 Rehabilitation

There often is a gap in continuity of services once 
the injured farmer leaves hospital. Provision of 
rehabilitation services is very rare in rural 

c ommunities and on the farm to facilitate the 
person achieving his/her maximum potential. 
Not only does the recovering injured farmer have 
physical problems to deal with, but he/she and 
the family may have mental health issues as well 
(discussed further below). The healthcare provid
ers in the patient’s community are now the pri
mary professionals to assist the patient in 
returning to his or her full physical and mental 
health potential.

Good communication is necessary between 
the higher level healthcare providers and the local 
provider. This communication should include 
the nature of the injuries and the expected limita
tions and prognosis. The details of rehabilitation 
and assistive technology application are often left 
to the community. Fortunately, in the United 
States there is assistance for rehabilitation within 
the agricultural community through the National 
AgrAbility Project (41). Created in 1991, Agr
Ability links the federal and state Cooperative 
Extension Service with non‐profit disability ser
vice organizations to provide information, educa
tion, and technical assistance to serve people 
with disabilities who are employed in agriculture. 
Twenty states or regions (as of 2016) have USDA‐
funded or affiliated AgrAbility Projects. A health
care provider who has a farming patient with a 
disability may contact the AgrAbility project in 
their region (41). AgrAbility will have rehabilita
tion specialists who will visit the farm, assess the 
patient and the farming operation, and assist the 
patient in achieving their potential of getting 
back to the business of farming. There are a num
ber of other organizations that deal with disabili
ties in rural America. Although not specific for 
agriculture, they may be of help in your region. 
These programs are reviewed on the National 
AgrAbility website (41).

Injuries on the farm create a great deal of stress 
and mental health issues, which create barriers to 
full recovery. As in most cases the patient will have 
a strong economic and culturally motived desire 
to get back to farming. Anxiety and depression are 
likely to accompany the rehabilitation process, 
especially if the patient is not able or limited in the 
farm work they can do. Chronic injuries present 
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even greater stress for victims. Many may face the 
loss of work capacity for an extended time period, 
chronic pain, and learning to deal with lifetime 
disability. Injured farmers may suffer from post‐
traumatic stress disorder, which can be disabling. 
Family disruptions may occur, especially with the 
loss of a child to a farm injury. Often a spouse 
assumes the role of total care provider for the 
injured person while at the same time having to 
increase their role in the farm work, plus they may 
be working off the farm to help make ends meet.

Apart from the serious psychological and 
social impact on patients and relatives, such inju
ries invariably have profound economic affects. 
In many instances a death or serious injury to the 
principal operator of the farm leads to the eco
nomic failure of that enterprise.

Mental health services in rural areas outside of 
primary care providers are not readily available. 
Too often there is a stigma in the rural commu
nity against admitting to the need for and seeking 
mental health services. Michael Rosmann (a clini
cal psychologist and farmer) founded AgriWellness 
to deal with mental health issues in the agricul
tural setting. AgriWellness holds conferences and 
training for professional and peer counselors to 
assist farmers and families with mental health 
issues regardless if there was an injury or not (42).

11.10 Hazards and Injury Scenarios

This section lists some of the common injury sce
narios encountered by farmers, farm workers, and 
their family members. These scenarios are 
intended to give the reader a better understanding 
of the mechanisms of injury as well as the circum
stances of the incidents and how the various par
ticipants in the chain of responders interact with 
the victim within the context of the particular 
incident. More than one body part or system is 
often involved. The scenarios are based on actual 
cases these authors (LG and KJD) have experi
enced, but some of the details have been fictional
ized to emphasize teaching points. They are 
intended to provide an overview of some of the 
more common injury incidents as well as some of 

the confounding factors encountered in emer
gency situations. However, they are not inclusive 
of all potential types of agricultural injuries.

As mentioned earlier in the chapter, machin
ery is one of the main agents of causes of fatal 
and  non‐fatal injuries on farms and ranches. 
Machinery is term that covers a broad array of 
mobile and stationary equipment used in the 
industry of production agriculture.

11.10.1  Tractors and All‐terrain 
Vehicle Injury Incidents

Tractors are used for tillage, planting, harvesting, 
and a variety of other tasks. Tractor overturns 
crushing the operator account for about 25% of 
all agricultural fatalities in North America. All‐
terrain vehicles (ATVs, also called quad bikes in 
Australia and New Zealand) and side‐by‐side 
utility task vehicles (UTVs) are used on almost 
every farm and ranch on a daily basis. ATV inju
ries have become much more common in the past 
decade and ATVs are the number one agent asso
ciated with fatal farm injuries in Australia.

ATVs can be and are used on rough terrain, 
and can easily overturn on the operator. They are 
designed to carry only the driver. UTVs are also 
used on very rough terrain but are designed to 
carry passengers and supplies, and most are 
equipped with roll‐over protection. This type of 
machine has changed rapidly in recent years, with 
additional features and profiles for farm and 
ranch use being offered every year.

Descriptive Information

Tractors are often described by their uses and 
configurations, such as utility or row‐crop, nar
row or wide front, two‐ or four‐wheel drive, 
wheeled or tracked. They are powered by engines 
from 20 to 500 horsepower (14–350 kilowatts) 
and weigh 700–23,000 kg before additional bal
last weight is added. They are typically operated 
at relatively slow travel speeds in the field but 
some newer models can do 30 mph (48 km/h) or 
more on the road. They also perform as a mobile 
or stationary source for mechanical, hydraulic, 
and electrical power.
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The operator’s station may be open or enclosed 
in a cab, with or without a framework affording 
roll over protection (ROPS) for the operator in the 
event of a tractor overturn. Older operator enclo
sures, sometimes called soft cabs or weather cabs, 
do not have ROPS integrated into their design.

In the United States very few tractors manu
factured before 1985 were equipped with ROPS 
because they were not engineered to accept ROPS 
until 1975 (and few were purchased as they were 
an optional item). It was not until 1985 that 
ROPS on new tractors was no longer an optional 
purchase, as they came installed from the factory 
due to an agreed upon industry standard. This 
situation means that approximately 40% of the 
tractors in the United States do not have ROPS 
and therefore have a high risk of a severe or fatal 
injury to the operator if the tractor overturns. 
After‐market ROPS are available for most trac
tors manufactured since 1975 and some models 
manufactured earlier. Aggressive marketing and 
promotion by several public and private sources 
have resulted in some success in ROPs installa
tion on older tractors.

Most Western European countries, Australia, 
New Zealand, and Canada have had relatively 
greater success in achieving a much higher per
centage of tractors equipped with ROPs, com
pared to the United States, using a combination 
of regulation and marketing efforts. Tractor over
turn fatalities are much lower in these countries 
as a result.

ATVs are typically ridden like a motorcycle, 
straddling the seat and steered with handlebars, 
but they have four wheels. They can accelerate 
rapidly and maneuver through all types of terrain. 
Common weights are 100–250 kg with top speeds 
up to 70 mph (100 km/h). While most US states 
restrict the use of ATVs to off‐road, many coun
tries allow ATVs to be used on public roadways.

UTVs can be built with either a bench seat or 
bucket seats for the operator and passengers. 
They may also have a second bench seat. These 
machines have weights up to 500 kg and speeds 
up to 40 mph (70 km/h). ATVs do not currently 
come from the manufacturer with roll‐over pro
tection. At least two private companies have 

designed and are marketing ROPS for ATVs, but 
their effectiveness is questionable and the ATV 
manufacturers do not support this effort (43). 
Most UTVs come from the factory with roll‐over 
protection.

Injury Overview

In general terms, tractors are associated with 
approximately 40% of all traumatic fatalities on 
farms in the United States. About half the tractor 
fatalities involve overturns and about one quarter 
involve run‐over of the operator, a passenger, or a 
bystander. The remainder includes motor vehicle 
crashes and entanglement in the PTO shaft. As 
northern EU countries generally have a higher 
percentage of tractors equipped with ROPS, trac
tor overturns are less common, which is why the 
United States has about a 25% higher occupa
tional fatality rate than the EU.

If the tractor is not equipped with a ROPS, an 
operator is likely to be thrown against objects 
during an overturn, thrown to the ground and 
crushed as the overturn continues, or pinned 
under the tractor. Being run over by a tractor, 
other vehicle, or mobile machine can cause inter
nal crushing injuries as the heavy machine’s tires 
or tracks traverse portions of the body. Unexpected 
or uncontrolled movement of a machine during a 
rescue attempt can squeeze a helper or the opera
tor between the machine and an implement or 
fixed structure. Unsecured objects (e.g., large 
round hay bales) lifted high by a loader or forklift 
can spill or roll into the operator’s station, caus
ing thoracic, cervical, or lumbar injury (44).

Injuries from operating ATVs and UTVs are 
primarily related to roll‐overs and crashes. These 
injuries are similar to those sustained from any 
implement rolling over and crushing the operator 
or passenger.

Illustrative Scenario

Overturn

A 76‐year‐old male was using a tractor with a 
rotary brush cutter attached to the rear three‐
point hitch to mow a roadside ditch. Mowing 
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along the shoulder of the road, the wheels on the 
downhill side of the tractor dropped into a wash
out and the tractor tipped onto its side. The trac
tor did not have a ROPS and rolled 180°. The 
operator was thrown clear of the tractor. The 
driver of an approaching car stopped and imme
diately called for emergency assistance. He then 
began to assist the slightly dazed farmer crawling 
out of the ditch. The farmer complained of neck, 
back, hip, and leg pain along with upper left 
quadrant abdominal tenderness. To the person 
first on the scene, he seemed to be breathing 
 rapidly and with some difficulty.

Prevention. While this event would not have 
been prevented if the tractor had been equipped 
with ROPS, the injuries would have been 
reduced. If a tractor has ROPS, it should also 
have a seat belt, although a fastened seatbelt is 
usually not necessary to save the life of the opera
tor as the ROPS prevents the tractor from rolling 
on top of the operator. However, with a seat belt 
in place, the operator would have remained pro
tected within the frame of the ROPS, probably 
sustaining fewer injuries.

Operator Bypass Start Runover

John was in a hurry to feed his cattle and get on 
with the rest of the day’s work. He jumped on the 
tractor and turned the ignition switch but the 
tractor would not start. He knew the problem 
was a bad starter motor solenoid switch, but had 
never had time to change it before. As he had 
done several times before, he used his plyers to 
jump across the starter terminals, bypassing the 
non‐functioning solenoid switch. The engine 
cranked and started. In a quick moment the trac
tor, which he had inadvertently left in gear, 
moved forward, running over him before he 
could get out of the way. Luckily, the rear wheel 
got only his legs.

Prevention. Bypass start kits, a shield that cov
ers the starter terminals, can be installed as a 
reminder that shorting across the terminals is dan
gerous, helping to overcome the root of the prob
lem, which is lack of equipment maintenance and 
relying on human behavior to keep safe.

Bystander Runover

John, who was 12, got home from school and 
started chores. Every day was the same, doing his 
chores and watching his 3‐year‐old brother Justin, 
who was dropped off by the babysitter. (His parents 
both had jobs off the farm to help make ends meet 
and did not get home until 6:00 pm.) The cattle 
needed hay and John thought Justin would be okay 
playing in the hay storage area. John used the trac
tor with a front‐end loader to pick up a large round 
bale and headed for the feedlot. He didn’t realize 
Justin was following him, despite being told to stay 
put. John placed the bale carefully into the manger 
and shifted the tractor into reverse. As he backed 
away, the tractor lifted slightly. Looking ahead to 
see what he had run over, he saw his young brother’s 
feet and legs come into view from under the tire.

Prevention. The family dynamics in this sce
nario is not that uncommon. Parents are respon
sible for their children, but they often need help. 
Organizations like Farm Safety for Just Kids (45) 
and the National Children’s Center exist to help 
(46). The family could establish plans to account 
for their absence, such as arranging for extended 
hours for childcare or other family members and 
neighbors watching the child during these activi
ties. A safe play area could be built on the farm 
that the youngster could not exit (46). Studying 
and following the North American Guidelines 
for Children’s Agricultural Tasks (46) would help 
the parents assign tasks appropriate for the men
tal and physical development of the child. Local 
public health and farm organizations can help in 
instituting training for parents on these subjects.

Roll‐overs and run‐overs are the main sources 
of fatal injuries to adults, while run‐overs are the 
major source of fatalities to children. Many other 
scenarios on farms can occur with any of the 
many self‐propelled farm machines, tractors, or 
tractor‐implement combinations.

 First on Scene, First Responder, and 
Transport

An operator on a tractor that does not have a 
ROPS when it overturns has a high probability 
of dying outright from their injuries (47). 
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Survivors generally have broken bones as well as 
internal injuries. If the tractor is equipped with a 
ROPS or ROPS cab, the operator almost always 
survives the overturn (even without a seatbelt 
fastened, but with some – often serious – inju
ries. The victims may also have injuries from 
caustic or hot fluids. As the victim may have a 
spine injury, they should not be moved unless 
there is immediate danger.

The first‐on‐the‐scene person should turn off 
the engine. Older diesel engines may require 
pulling a knob to shut off the fuel supply to 
stop  the engine. Alternatives for a fire rescue 
responder to kill the engine would be discharg
ing a CO2 or halon extinguisher into the air 
intake (48).

A shear‐type injury may occur when a tractor 
or other wheeled piece of equipment runs over an 
extremity, causing soft tissue to be pulled loose 
with underlying tissue and vascular disruption.

 Emergency and Post‐crisis Treatment

Explore for fractured skull (a depression in the 
skull may be evident). Explore for thoracic, cer
vical, and lumbar vertebral injury, which may 
result in potential paraplegia or quadriplegia. 
There could be a cervical fracture if the victim 
complains of pain or numbness in the neck or 
down the arms or legs. Chest injury possibili
ties include mechanical asphyxia, flail chest 
(multiple broken ribs resulting in difficult 
breathing), pneumothorax (air in the chest cav
ity), hemothorax (blood in the chest cavity), 
subcutaneous or mediastinal emphysema (air 
under the skin or in  the space between the 
lungs) (37). Patients  suffering from acute and 
complex spinal cord fractures and dislocations 
are managed according to established princi
ples. Abdominal injuries may include lacera
tion of the liver or spleen, rupture of hollow 
organs, or other penetrating wounds. Fractures 
with associated internal bleeding and lacerated 
rectum should be considered in the  pelvic 
region.

Degloved tissue separated from its perfusing 
vessels may be present, risking loss of the involved 

appendage. It is especially important to recognize 
a concealed degloving since emergency defatting 
and reapplication of skin as a graft is necessary to 
save the appendage (49).

 Recovery Care, Management, and 
Rehabilitation

These types of injuries call for special mental 
as  well as physical rehabilitation. Farmers who 
suffer an injury that leaves them paraplegic or 
quadriplegic often still want to farm. Farm reha
bilitation specialists have the means to help these 
people with special lifts to enter tractors, special 
operational adaptations so they can drive, and 
much more (41).

Spinal cord injuries are more than devastating 
to body functions. They entail serious psychologi
cal, economic, and social impacts on the patient 
and family, and a high cost to society (50).

 Contributing Factors and Prevention

Table 11.7 categorizes the contributing factors to 
tractor‐related injury events according to the 
man–machine–environment paradigm, and lists 
preventive strategies.

11.10.2 Skid‐steer Injury Incidents

Descriptive Information

Skid‐steers usage on farms has continued to grow 
as their capabilities have increased since their 
advent in the 1950s. They are compact, self‐
propelled machines with mechanical arms on one 
or both sides of the machine to lift and lower 
attachments that lift and carry loads and perform 
many other work tasks. Today they are commonly 
called skid‐steers rather than skid‐steer loaders 
because of the expanding range of attachments. 
Common agricultural tasks farmers perform with 
skid‐steers include moving manure from animal 
facilities, moving large hay bales and silage, utility 
tasks such as digging post holes, and minor earth‐ 
or rock‐moving projects.

The steering control of the skid‐steer is 
hydraulically operated as are its lift arms and 
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many attachments. The operator is positioned at 
controls between or adjacent to the lift arm(s), 
and behind the attachment connected at the 
front of the lift arms. Operators enter and exit 
the operating station through the opening at the 
front of the machine, over or around the attach
ment, or from the side of machines designed with 
a single lift arm (51). Old model skid steers 
(many of which are still in use) are particularly 
hazardous as they do not have rollover protec
tion, falling object protection, or side screens 
which block access to the scissoring movement of 
the lift arm(s) alongside the frame.

Injury Overview

Skid‐steers are inherently less stable than tractors 
and can overturn more readily because of their 
short and relatively narrow wheel base. Bystanders 
can be run over during rapid forward and back
ward shuttle operations. During operations 
requiring lifting and lowering of the lift arms, an 
operator’s head, neck, or shoulders placed outside 
of the side frame can be crushed in the scissoring 
action between the lowering lift arm and the side 
frame if there are no protective side screens. Since 
an operator may enter from the front and step 

over the controls, inadvertent actuation of the 
controls can occur, causing the bucket, if left in 
the raised position, to drop suddenly. Heavy 
material could fall backward into the operator’s 
station from a raised, loaded bucket, injuring the 
operator. Because of the short wheel base, these 
machines tend to rock fore and aft forcefully 
when traveling over rough terrain, or when low
ering and raising or dumping the loader/load. If 
the operator is not wearing a seat belt, and/or for
ward pitch protection is missing, the operator can 
be thrown out, risking injury from a run‐over or 
being caught in the scissors action of the loader.

Illustrative Scenarios

Pinch or Crush

A 26‐year‐old pork producer was injured when 
he was caught between the frame of the skid‐steer 
and the side lift arm of the loader. He was using 
the loader to load manure from a hog confine
ment building. The protective cage had been 
removed to permit operation under the low door
way of the building. The farmer was operating 
the foot pedals that raise and lower the bucket 
while leaning to the side to observe the bucket’s 
position for dumping and to avoid hitting the 

Table 11.7 Analysis of contributing factors and prevention of tractor‐related injury scenarios

Scenario Personnel Machine Environment Prevention

Tractor 
overturn

Farmer was elderly 
(76 years)

Tractor did 
not have 
ROPS

Steep terrain
Washout with limited 
vision due to tall grass

Install ROPS on tractor or use newer 
tractor with ROPS
Inspect the area to be mowed on foot 
before mowing
Consider age‐appropriate tasks for older 
farmers

Bypass 
start 
runover

Anxiety and focus on 
getting the tractor started 
and getting chores done
Positive previous experience 
in bypass starting

Faulty 
solenoid 
switch
Dead battery

Cold weather Replace lockouts on tractor so it cannot 
be started when in gear
Install a bypass start guard on the starter
Install new solenoid switch and battery

Bystander 
runover

Youth: a 3‐year‐old together 
with a 12‐year‐old
Parents not supervising as 
they were working elsewhere

No rearview 
mirrors on 
tractor

Because of the height 
of the feed bunk, the 
operator had to look 
forward while backing 
out so the front end of 
the loader would clear

Install safe play area on the farm
Arrange for parental supervision or 
day care
Discuss and assign age‐appropriate tasks
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building. He inadvertently lowered the bucket, 
which crushed him between the lift arm and the 
side frame.

Prevention. Never remove the protective cage. 
The building can be modified to allow access of the 
skid‐steer, or a smaller model could be purchased.

 First on Scene, First Responder, and 
Transport

Always proceed with the basics: scene safety, 
shut off equipment, stabilize equipment, and 
check the patient. As a first responder, assess the 
information provided by the first on the scene 
regarding the severity of the injury and request 
dispatch of what is deemed appropriate (and 
available), which may include an advanced res
cue team, paramedic ambulance, and helicopter. 
The injuries sustained in the pinching scenario 
could include broken bones and internal damage. 
Even a closed fracture such as of the thigh or 
pelvis, which often results in damage to the 
bladder, can involve significant blood loss and 
falling blood pressure can mean many tissues no 
longer receive adequate oxygen (52). In the 
event that the person is conscious and talking, 
be cognizant of the fact that enough internal 
damage could have been done so that release of 
the pressure could cause massive internal bleeding 
and sudden death.

 Emergency and Post‐crisis Treatment

The farmer pinched by the skid‐steer lift arms 
could have significant internal injuries, including 
broken ribs, punctured and collapsed lung, rup
tured liver or spleen. Assessment of breathing 

ability, as well as breath sounds, should be per
formed immediately.

 Recovery Care, Management, 
and Rehabilitation

These types of injuries may take an extended 
recovery period, and all the precautions and 
assurance of continuity of care as mentioned pre
viously should be put in place.

 Contributing Factors and Prevention

Operating a skid‐steer without the protective 
enclosure and its side screens, and not wearing a 
seat belt, is an extremely hazardous combination. 
Proper maintenance is vital for all mechanical 
equipment. Safety devices need to be kept in 
place, function properly, and be well maintained.

Table 11.8 categorizes the contributing factors 
in skid‐steer pinch and crush events according to 
the man–machine–environment paradigm, and 
lists preventive strategies.

11.10.3  Other Self‐propelled 
Machinery Injury Incidents

Descriptive Information

Self‐propelled agricultural machines are special
ized machines for harvesting grain, tilling or 
planting fields, applying pesticides, or gathering 
stones and roots. Combines, windrowers, potato 
and beet harvesters, and sprayers are common 
self‐propelled machines and the prevalence of 
others such as sugar cane harvesters varies with the 
specific commodities cultivated around the world.

Table 11.8 Analysis of Contributing Factors and Prevention of Skid Steer Injury Scenarios

Scenario Personnel Machine Environment Prevention

Pinch and 
crush

Behavior: 
removing the 
protective cage

Inherent design of the machine (lift 
apparatus adjacent to the operator’s 
station)
Machine lacking protective cage
No interlock system to prevent lift 
arms from actuating when a person 
is not in the seat

Low and narrow building, 
making it more convenient 
to operate the machine 
without the protective cage

Remodel the building
Replace the protective cage
New machines have an 
interlock that prevents 
actuation of the lift arms if 
no one is in the seat
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Crop‐gathering, ‐cutting, ‐processing, ‐transfer, 
and ‐discharge mechanisms are powerful, designed 
to minimize blockage and aggressively move large 
volumes of material rapidly. Many of these mech
anisms have high inertia and continue to operate 
for a period of time after power to them has 
been disengaged. They process crops rapidly, for 
example a modern combine will feed stalks 
through the snapping rolls at 3.0–4.5 meters per 
second, much faster than the reaction time of a 
person to release their grip on a jammed stalk, 
resulting in the operator’s hand being pulled into 
the machine (53).

Injury Overview

Operators can become caught in the mechanisms 
and be drawn into the machines. Clothing or 
extremities can be entangled in drive mechanisms. 
Injuries may include a crushed or amputated hand 
or other appendage, lacerations, or degloving as 
body parts pass between a belt and pulley, chain and 
sprocket, rollers or the meshing teeth of a gear set.

Illustrative Scenarios

Cutting Mechanism

A 57‐year‐old hired farm worker had just taken 
the self‐propelled chopper to the field to chop 
corn for silage. The machine normally gathered 
the four rows without hesitation, but corn root
worms had damaged the corn, causing the stalks 
to be downed and twisted by the wind. As he 
guided the machine slowly through the field, 
he became increasingly frustrated each time the 
throat of the chopper (the area that the corn 
stalks pass through just before they enter the 
rotating blades to be chopped) became plugged. 
After several instances of shutting off the machine, 
getting off and physically dislodging the stalk, he 
thought he would save time and energy by not 
shutting off the machine and dislodge the mate
rial with the chopper running. As he grabbed the 
pile of stalks, they pulled him into the machine; 
he could not let go quickly enough.

Prevention. The operator should never get off 
the equipment without shutting it off, even 

though it is much easier to unplug the machine 
while it is running. While this seems tedious after 
the first few times, there simply is no other safe 
way to clear it.

Snapping Roll Entanglement

A 78‐year‐old farmer was increasingly troubled 
with his loss of hearing, eyesight, and balance. On 
a cold morning he went to the field to harvest corn 
with his combine. The combined cold and mois
ture made the stalks tough and they would not 
feed readily though the snapping rolls. (The snap
ping rolls run parallel to each other, one on each 
side of a corn row. They intermesh and turn toward 
each other, pulling (snapping off ) the ears of corn, 
the first in a series of processes in corn 
harvesting.)

When the corn stalks plugged in the snapping 
rolls, the farmer got off to remove the corn stalks. 
He did not shut the combine off. As he grabbed 
the stalks, they suddenly were pulled into the 
machine, and so was he as he could not let go his 
grip fast enough.

Prevention. The operator should never get off 
the equipment without shutting it off. While this 
seems tedious after the first few times, there simply 
is no other safe way to clear it. Replacing old equip
ment is an important safety plan as newer equip
ment is generally safer, for example newer combines 
are much more aggressive and are not easily 
plugged.

 First on Scene, First Responder, and 
Transport

Disengage power, shut off the engine, and stabi
lize the machine, the scene, and the victim. Assess 
the injury and call for emergency transportation. 
Depending on how the person is caught, it may 
be possible to free them by cutting entangled 
clothing, disconnecting the drive mechanism, or 
completely dismantling part of the machine.

Entanglements in crop‐engaging mechanisms 
may involve the most serious injuries and most 
complex extrication. The victim’s body may block 
access. Portions of machines may be too strong to 
be moved with extrication tools such as the “jaws 
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of life.” It may be necessary to use common 
wrenches and sockets to dismantle the machine 
to free the victim. A local farm machine mechanic 
may more efficiently release the patient than a 
first responder fire and rescue service member.

 Emergency and Post‐crisis Treatment

Expect fractures, lacerations, avulsions, crushing 
injuries, and amputations in these situations.

 Recovery Care, Management, and 
Rehabilitation

The same general considerations mentioned above 
are present in these injuries. These types of injuries 
may take an extended recovery period, and all the 
precautions and assurance of continuity of care 
mentioned previously should be put in place.

 Contributing Factors and Prevention

The age of the second farmer was a contributing 
factor. Cognition, balance, and reaction time all 
were likely decreased at 78 years of age. The insect 
infestation in the corn and the weather were envi
ronmental factors in this scenario.

Managing frustration, frequent breaks, proper 
maintenance of and upgrading equipment, and 
working with extra patience when crops are not 
in good condition all help to reduce the risk from 
human factors that contribute to injuries.

11.10.4  PTO‐powered Implement 
Injury Incidents

Descriptive Information

Many agricultural machines are made to be 
pulled and powered by a tractor. Mechanical 
power to these implements is transmitted to them 
by a rotating driveline called a power take‐off 
(PTO) (54). Machines that use the tractor PTO 
for power do a myriad of jobs on farms and 
ranches, including harvesting, tilling, grinding 
feed, and spreading manure.

The PTO stub shaft, typically at the rear of 
the  tractor, connects the PTO shaft to the 

 implement. The PTO stub shaft is normally 
 surrounded by a guard called a master shield or 
PTO shield. A driveline shield covers the rotating 
shaft, preventing loose things from wrapping 
around the shaft while it is turning. Older 
machinery may not have this guarding system, or 
it may be non‐functioning or removed.

Injury Overview

Clothing, long hair, or a person’s extremities can 
be entangled in the rotating shafts, such as a PTO 
driveline or other rotating shafts that are a com
ponent of the machine being powered by the 
tractors. Loose fitting or drawstring clothing, or 
long hair can make contact with the shaft and 
wrap around it. Consecutive wraps “lock” the 
material onto the shaft, which keeps turning and 
continuing to wrap up the loose material and 
body components within it or connected. This 
can happen in under a second, faster than a per
son’s reaction time.

Injuries from rotating shaft entanglements can 
be some of the most traumatic in agriculture. 
Head injuries, spinal fractures, multiple fractured 
limbs, dislocations, amputations, scalping, and 
degloving or amputation of male genitalia are all 
possible. Less obvious but serious internal inju
ries may also occur, including flail chest, pneu
mothorax, hemothorax, pulmonary contusion, 
liver, spleen and myocardial tissue damage (37).

Illustrative Scenarios

PTO Entanglement

A 16‐year‐old girl and her older brother were 
helping their father dig post holes with a 40‐year‐
old PTO‐powered auger mounted on the back of 
the tractor. As it had been a summer with little 
rain, the soil was very hard, making it difficult for 
the auger to penetrate the soil. With only one 
hole left to dig, they encountered a particularly 
hard spot and the auger would not penetrate the soil 
at all. The young girl leaned on top of the machine to 
add weight, hoping it would help the machine 
function. However, the girl got too close to the 
unshielded shaft and her sleeve got caught and 
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was wrapped around the shaft several times with 
her arm in it, resulting in multiple fractures of the 
humerus, radius, ulna, and metacarpus.

First on scene, first responder, and transport. 
Stabilizing the patient is very important because 
of the potential for massive and multiple injuries 
in this scenario. Extrication from a PTO or other 
drive shaft usually involves cutting the clothing 
or other wrapped material (if possible without 
further injury to the victim) and cutting the shaft 
or universal joint with a saw (e.g., a powered 
reciprocating saw with a metal cutting blade).

Emergency and post‐crisis treatment. It is extremely 
important to keep the complete guarding systems 
in place on the tractor (master shield), the driveline 
shield to the implement, and the drive lines on the 
implement itself. The driveline shield must be 
checked regularly (with the power off ) to make 
sure it is free from the rotating shaft inside.

Expect any of the injuries mentioned in the 
PTO injury overview, including brain injuries, 
symptoms of which may not appear until well 
after the injury event (55).

Recovery care, management, and rehabilitation. 
The recovery care and management usually takes 
specialists in vascular surgery and orthopedics. 
Decisions will have to be made about the most 
practical and functional (not necessarily aestheti
cally best) repair that can be accomplished, con
sidering the patient’s likely strong desire to return 
to farming.

Contributing factors and prevention. Weather 
(drought conditions) was definitely a factor in the 
PTO scenario described, as the equipment would 
not penetrate the hardened soil by itself, requir
ing additional weight. The human element was 
trying to fix the situation without perceiving the 
risk of the action. Furthermore, the old equip
ment was not properly guarded, providing the 
opportunity for entanglement.

Hydraulic Injection (56–58)

Oil hydraulics have been used in powered farm 
equipment since the 1960s to power hydraulic 
rams to raise heavy equipment, actuate devices, 
and drive turbine engines. The oil is conveyed in 

lines by high‐pressure pumps (e.g., 3000 pounds 
per square inch (207 bar)). A 39‐year‐old farmer 
had been tilling his fields all day. When he 
stopped to re‐fuel, he noticed hydraulic oil drip
ping from the connections at the rear of the trac
tor. He knew there was a leak and wanted to see 
if it was the connections or a hose. As he picked 
up one of the hoses to check it, he felt something 
like a hot wire puncture his hand, which was in 
fact hydraulic oil being injected deep into the soft 
tissues surrounding the tendons and ligaments. 
This is an emergency, and the patient must be 
seen by a surgeon (preferably an orthopedic hand 
surgeon) to open the wound and drain the for
eign material to relieve the pressure from ensuing 
inflammation that might result in compartmen
tal syndrome, risking loss of soft tissue as well as 
digits or the whole hand.

First on scene, first responder, and transport. In a 
hydraulic injection scenario, the victim and fam
ily members must be aware that this is an emer
gency (57). The victim should be taken to the 
nearest emergency room and the emergency 
room physician made aware of the possibility of 
hydraulic fluid injection.

Emergency and post‐crisis treatment (57, 58). 
The usual injury is one of inadvertent injection 
of the finger or hand while checking a hydraulic 
line for leaks. Although the severity of the injury 
at the time of injection is not obvious, within an 
hour inflammation and swelling may rapidly 
reduce circulation as the foreign material 
migrates to tendon sheaths, ligaments, neurovas
cular bundles, and fascial plains (40, 58). 
Entrapment syndrome may soon develop, lead
ing to loss of blood and nerve supply to portions 
of the hand. Immediate and aggressive surgical 
decompression, debridement, and drainage are 
necessary to preserve vital structures and prevent 
permanent disability, which may include ampu
tation. Follow‐up surgeries may be needed for 
scar revisions or tendon repair. Amputations are 
unfortunately common in approximately 50% 
of cases.

Contributing factors and prevention. Routine 
maintenance of all hydraulic hoses and compo
nents will reduce the chance of a hydraulic injury. 
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Checking for leaks in a pressurized hydraulic line 
should never be done with a bare hand. Lines 
with visual cracks and checks should be replaced 
without waiting for a leak.

Recovery care, management, and rehabilitation. 
The extended care for hydraulic injection injury 
or anhydrous ammonia burns largely depends on 
the extent of the injury. Rehabilitation plans will 
depend on the extent of the injury.

Roadway Collision

A 69‐year‐old farmer was driving her tractor with 
a forage wagon in tow on the two‐lane state high
way. As she approached her driveway, she turned 
on her left signal, not realizing that it was 
obscured by the large wagon she pulled behind. 
Just as she was making the turn, an automobile 
that had just started to pass her struck the side of 
the wagon. The force of the impact caused the 
farmer to lose control and the tractor and wagon 
veered off the road and into the ditch. Fortunately 
her tractor was equipped with a ROPS and she 
survived with minor injuries. The automobile 
was totally destroyed and the driver suffered 
severe injuries.

First on scene, first responder, and transport. 
Farm roadway collisions may involve manure or 
hazardous farm chemicals (e.g., ammonia) (37), 
which have implications for the health of the vic
tims, bystanders, rescuers, and environment. 
Along with caring for a victim who may have 
their clothes saturated with toxic or caustic 
 materials, a hazardous materials response team 
may be  required to control the environmental 
consequences.

Emergency and post‐crisis treatment (55). In the 
collision scenario, if there is contamination of 
clothing and skin with farm chemicals, removal 
of clothing and thorough washing of exposed 
body parts should be exercised. Exposure to 
anhydrous ammonia may necessitate rapid trans
port to a tertiary care center to save a patient’s 
sight or their life as severe lung or skin damage 
may result (37).

Recovery care, management, and rehabilitation. 
The extended care for the victims of a roadway 

crash should follow the general principles dis
cussed previously in this section.

Contributing factors and prevention. To help 
prevent roadway crashes, the official slow‐moving 
vehicle emblem should be visible (required by law 
in most US states) along with flashing amber 
lights (not required by law in most US states). 
Extended mirrors should be fixed to tractors to 
improve visibility around broad loads and allow 
traffic approaching from the rear to be seen. The 
general public will be unaware of what the driver 
of a farm vehicle might do and often will not 
anticipate when a tractor operator may be turn
ing. Furthermore, they do not realize the closing 
speed, short time to react and long braking 
 distance required when traveling at 60 mph (100 
km/h) approaching farm equipment ahead mov
ing at approximately 3–30 mph (5–50 km/h). 
These hazards are seldom taught in driver educa
tion classes and are generally not part of the 
knowledge necessary to pass a driving test.

11.10.5 Auger Injury Incidents

Descriptive Information

Augers function to move grain or feed on farms 
in a wide range of applications, such as a fixed 
component of a grain storage facility, as a move
able unit, or incorporated as part of a mobile 
machine such as a grain cart or combine. They 
are powered by one of several means, such as an 
electric motor, gasoline engine, a tractor’s hydrau
lic system, or a tractor PTO (59).

An auger is a spiraling band of steel (flight
ing) winding around a center shaft (like a screw). 
Usually encased in a metal cylinder, the powered 
rotation of the shaft causes the flighting to push 
the grain in the shaft to the end of the cylinder. 
Grain moves into the intake area of the auger, an 
area where the flighting extends beyond the tube 
to let the grain or feed be pulled into the cylinder 
and flighting. The intake area should be equipped 
with guarding that must be kept in place to pre
vent fingers, hands, and toes from being pulled 
into the auger. A person’s clothing or extremities 
can be quickly pulled into the auger.
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Grain or feed storage bins often have an open 
(uncovered) auger that moves grain or feed to the 
intake area for the unloading auger. The auger 
will move the grain or feed as long as it is 
immersed in the material. Entanglement is also 
possible in this auger.

Injury Overview

Injuries from an auger entanglement usually 
involve severe lacerations and extensive soft tissue 
damage. Amputation of fingers, hands, toes, 
arms, or feet is a common result of auger entan
glements. Children may experience loss of an arm 
or leg, or a degloving injury.

Illustrative Scenarios

Auger Entanglement

A 20‐year‐old employee of a grain farm was 
unloading grain from a wagon into a hopper with 
an auger to load a semi‐truck trailer for transport 
to a distant ethanol production plant. The 
weather was clouding up with rain in the forecast, 
so the operator wanted to make sure that all of 
the grain was out of the hopper and the auger. 
She reached down with her gloved hand and 
started to push the grain into the auger flighting. 
In an instant, the flighting caught her glove and 
pulled her hand into the auger tube, resulting in 
her hand and arm being pulled into the cylinder 
up to her shoulder.

First on scene, first responder, and transport. The 
limb caught in an auger may have fingers ampu
tated and will have massive lacerations. Blood 
loss may be minimal, inhibited by the pressure 
and crushing damage to the tissues and blood 
vessels. A rupture of a major vessel could result in 
excessive bleeding. Indirect pressure on the axil
lary or brachial, femoral, or popliteal artery  
can help control bleeding until the extremity  
is exposed, enabling application of direct 
pressure (37).

 Emergency and Post‐crisis Treatment

Expect massive lacerations, avulsions, and ampu
tations. Keep in mind that the act of twisting and 

cutting a limb can also injure the joints and 
attachments of the affected limb.

 Recovery Care, Management, and 
Rehabilitation

Auger injuries often require extensive reconstruc
tion, although usually not as severe as PTO inju
ries. Long‐term care and management should 
follow the general guidelines offered earlier in 
this chapter for agricultural injuries.

 Contributing Factors and Prevention

This auger was not equipped with an intake 
screen to prevent the hand or glove from entering 
the flighting. The human element to this scenario 
is the unnecessary move to use the hands to feed 
the last few liters of grain into the flighting of the 
auger. A broom could instead have been kept by 
the auger to sweep up the excess grain. The envi
ronmental components of this injury included 
the concern for the residual grain in the hopper 
getting wet and spoiling or caking in the auger. 
The auger hopper could have been covered.

11.10.6 Livestock

Descriptive Information

Animal‐induced injuries usually happen because 
the animals are frightened, are forced to do some
thing they would rather not do, or are protecting a 
violation of their territory or their young. Animal‐
related injuries account for approximately 50% of 
all non‐fatal farm injuries. Certain farm animals 
are more hazardous than others. Bulls, boars, and 
rams may be aggressive because of their natural ter
ritoriality. Some new cow and sow mothers have 
protective instincts that are stimulated to the point 
of aggression if a person gets between a cow and its 
newborn calf or causes a piglet to squeal. The need 
for the stockman to check birthing animals fre
quently or to administer treatments to newborns, 
combined with the element of human exhaustion, 
increases the risk of animal‐related injury.

An animal mother’s protectiveness or human 
behavior (sudden movements or striking the 
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 animal out of anger or an attempt to force an 
animal to move) may cause the animal to move 
suddenly following a fight or flight and escape 
response, injuring the farm worker. Erratic lacer
ations may  occur while performing minor 
 surgeries on animals, such as dehorning and 
castration.

Injury Overview

Hands, arms, and legs can become entangled in 
ropes and halters. Injuries vary from minor bruises 
and broken arms/fingers to loss of fingers. Crushing 
injuries with bruised or broken bones from kicks, 
butts, or inadvertent crushing against a solid wall 
are quite common, although injuries also occur 
from procedures occurring in open lots or 
pastures.

Illustrative Scenarios

Butted by Cow

A 57‐year‐old farmer was butted as he checked 
on a Holstein cow with a newborn calf. As he 
approached, the cow looked at him nervously. 
When he bent down to help the calf to its feet, 
the cow hit him in the back with her head. He 
fell, and the cow continued to butt him along the 
ground until he was able to crawl and roll under 
a barbed wire fence. He sustained fractured ribs, 
liver and spleen injuries, and a spinal vertebrae 
fracture.

 First on Scene, First Responder, and 
Transport

Stabilization of this scene included removing any 
animals that may be in the area, or occupying 
them so they are not a hazard for the responders. 
Fractures of long bones, ribs, or spine and inter
nal injuries are quite common in such incidents. 
Spinal and cervical immobilization is important 
if spinal injury is suspected.

 Emergency and Post‐crisis treatment

Expect long bone and rib fractures coupled 
with internal injuries. Skull fracture or severe 

concussion can result from a kick to the head. If 
the victim was rendered unconscious or other
wise unable to escape in the presence of pigs, 
they may also suffer loss of soft tissue from ani
mal bites (37).

 Recovery Care, Management, and 
Rehabilitation

Relative to machinery‐related injuries, animal‐
related injuries are usually less serious and are 
most often closed injuries. However, there is a 
risk of infection from antibiotic‐resistant organ
isms or anaerobic organisms causing tetanus or 
gangrene. Following the general principles for 
dealing with agricultural injuries as stated previ
ously in this chapter will help to limit complica
tions and shorten recovery.

 Contributing Factors and Prevention

Working around new livestock mothers is very 
hazardous. Well‐designed animal‐handling facili
ties for moving, sorting, and loading animals are 
extremely important (60). Any animal pen where 
humans may also be working should have a 
secure quick‐escape door. When handling new
born calves on pasture, a portable pen can be 
used set around a calf. The operator can get into 
the pen away from the cow, tend the calf, then 
exit and release the newborn. Such enclosures 
can be used in conjunction with a tractor, pickup, 
or ATV.

11.10.7  Farmstead: Grain, Silage, and 
Manure Storage (confined 
space) Injury Incidents

The farmstead presents a nexus of people and 
activities, machines and materials, which can be a 
source of injury for adults working on the farm, a 
dangerous playground for youngsters, and pro
vide many tripping or falling hazards for the 
elderly. Among the hazards are those associated 
with maintenance work, hand tools, machines in 
the workshop, falling loads such as tires and 
stacked bales, entanglements in moving parts of 
conveying equipment, falls on the same level or 
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from heights, entrapment in a confined space, 
and electric current injuries. The following sec
tions describe just a few of the possible injury 
scenarios.

Chapter 3 describes the health hazards associ
ated with grain and silage storage structures as 
well as manure storage structures.

Descriptive Information

Grain bins and grain transporters have a risk of 
grain engulfment and suffocation. Scenarios of 
grain engulfment include the most common situ
ation in which a worker is in a bin when the bot
tom unloading equipment is turned on, pulling 
grain from under the victim, burying him or her 
in a matter of seconds. A second scenario is an 
avalanche of caked grain that suddenly releases 
from the sides of the bin, burying the operator. 
A third involves falling through a domed crust or 
bridge of caked grain that spans a cavity in the 
grain below. A fourth engulfment scenario is 
operating a high‐capacity grain vacuum and sink
ing into the void in the grain created as the nozzle 
removes grain from under foot and surrounding 
material flows inward.

Manure storage structures may be outdoor 
lagoons and holding tanks, or deep pits under a 
CAFO building. In most situations, the manure 
is pumped out of the storage structure twice a 
year and spread or knifed into the soil to provide 
fertilizer for the crop.

Injury Overview

In grain engulfment, the victim is either suffo
cated with a blocked airway in a matter of min
utes or remain alive but are trapped, able to 
breath, but unable to free themselves. There have 
been rare instances where an individual has been 
buried for an hour or more and has survived.

In animal waste storage, toxic hydrogen sulfide 
and asphyxiating gasses can be hazardous to both 
the livestock and the people who care for them. 
Like a carbonated beverage that is shaken, the 
hydrogen sulfide gas can be rapidly released to 
acutely toxic concentrations.

Illustrative Scenarios

Grain Engulfment

A 16‐year‐old boy had the task of moving grain 
from the 20,000 bushel (700 m3) grain bin to a 
smaller holding bin that could more easily be used 
for grinding daily hog feed. He started the auger 
but no grain came out. He tried opening and clos
ing the slide door covering the grain well where 
the unloading auger takes in grain. He also tried 
starting and stopping the auger, but nothing 
worked. He assumed that some spoiled grain had 
blocked the slide door deep within the center of 
the bin. He shut off the auger and took a 23 ft 
long (7 m) rod into the top of the bin and poked 
the rod down through the grain to dislodge 
the suspected blockage. When this did not work he 
decided to repeat the process, but with a co‐worker 
on the outside to start the auger run so he could 
tell if the blockage was freed. After poking the rod 
down a few more times, the grain suddenly started 
flowing. The co‐worker let the grain run for a few 
minutes before shutting off the auger. It was too 
late, the victim in the bin was buried over his head 
after just a minutes. A local fire rescue service 
recovered the body some 4 hours later.

Manure pit

John, a 56‐year‐old producer, raised pigs in a 
3800 capacity confinement facility. He was work
ing with his brother and a hired man, and they 
were nearly finished pumping out the liquid 
manure from the pit under the building when the 
hired man dropped a wrench into the pit. Without 
thinking, he went into the access hole to retrieve 
it and immediately passed out, falling face first 
into a few inches of liquid manure. Witnessing 
the event, and thinking the hired man had had a 
heart attack, John immediately climbed into the 
pit to help and was similarly overcome. Minutes 
later, John’s brother came into the area and saw 
the two men lying in the pit. He called 911, then 
went in after the men. He became the third vic
tim. All three bodies were retrieved from the pit 
by fire‐rescue responders who used self‐contained 
breathing apparatus (SCBA) respirators.
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 First on Scene, First Responder, and 
Transport

First responders and rescuers of flowing grain 
engulfment victims should use a lifeline that 
comes from the top center of the bin so that the 
rope is as near vertical as possible. The rope can 
either come through the filling port or pass 
through a pulley at the top center. If the victim 
is buried as deep as or deeper than their waist, 
the pressure is too high to pull them out. Pulling 
the grain away from the person is difficult 
because it will just flow back into the void from 
where it was removed. A portable structure or 
coffer dam needs to be used to surround the vic
tim and keep the grain away. Grain rescue tubes 
have been developed for this purpose. Made of 
aluminum or heavy plastic, these portable pan
els fit together and can be easily assembled 
inside the grain structure around the victim. 
Similar devices can be made using sections made 
from plywood. If the person is completely 
engulfed they must be removed as quickly as 
possible. Cutting triangular‐shaped flaps on 
opposing sides of the bin and allowing the grain 
to flow away from the victim is the most com
mon method of rescuing a person in this 
situation.

Victims may be unconscious if they have 
not been able to breathe for 4 minutes or more. 
A  very pale or bluish complexion, especially 
around the lips, is evidence respiration has 
stopped. Listen for a heartbeat, feel for a pulse at 
the neck or wrist, and look for the chest to move. 
CPR must be started immediately if there is no 
pulse. Grain or some other obstruction may be 
blocking the airway if the victim’s chest does not 
rise (61). Look in the oral cavity and remove any 
grain or obstruction present.

Rescuers in manure storage environments 
must wear SCBA for their own protection. 
They also need to wear a lifeline and take a 
similar lifeline with them to hook onto the vic
tim. Once retrieved from the pit, the patient 
should be assessed for a pulse and respirations. 
If there are none, consider CPR and rapid 
transport.

 Emergency and Post‐crisis Treatment

Expect an airway that is blocked with grain. Keep 
in mind that the temperature of the grain can be 
low enough to induce hypothermia.

In a manure pit scenario, if the victim survives 
the initial insult they need to medically moni
tored for up to 72 hours, as hydrogen sulfide (and 
other irritant gases) can cause acute as well as 
delayed critical pulmonary edema.

 Recovery Care, Management, and 
Rehabilitation

Recovery and long‐term management of a grain‐
engulfment victim depends on the degree of cer
ebral damage that might have occurred as a result 
of anoxia or hypothermia. Severe hydrogen 
sulfide exposure may cause chronic lung damage. 
Extended follow‐up with a pulmonologist is 
recommended.

 Contributing Factors and Prevention

In the grain engulfment scenario, the small 
amount of material that was spoiled and plugged 
the discharge area resulted from a wet harvest and 
not properly drying the first loads of grain loaded 
into the bin the previous fall. The big mistake was 
having the worker outside start the unloading 
auger running with the other worker still in the 
bin, the most common primary factor resulting 
in engulfment (62). The switch to activate the 
auger should be locked and tagged to prevent 
auger activation whenever a person is in the bin. 
Also, when entering a bin a person should wear a 
safety harness with ropes that can be used to 
extract a person in an emergency. A ladder fixed 
to the inside of the bin and used to gain egress 
would help reduce the risk of engulfment in 
many situations (63).

Regarding the manure pit incident, hydrogen 
sulfide is not commonly present unless the 
manure is agitated. SCBA is the only safe respira
tor for use in this and other acutely toxic environ
ments. Anybody going into a manure pit (even 
with SCBA) should wear a safety harness attached 
to a rope with sufficient personnel and equipment 
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able to extract them in the event of an emer
gency. This may take at least two people and/or a 
tripod with a pulley system to gain mechanical 
advantage.

11.10.8  Other Farmstead Injury 
Incidents

Descriptive Information

From materials stored unsafely, to structural 
problems with buildings, to low electrical wires 
and exposed liquid petroleum gas lines, farm
steads provide a vast array of potential injury 
situations.

Injury Overview

Injuries can include electric shocks from con
tact between an overhead electrical power line 
and a grain auger, long metal ladder, or section 
of irrigation pipe. Emergency situations and 
responses are not specific to agriculture, and 
general procedures should be followed (64, 65). 
Crushing and pinching injuries result from 
items falling on an individual. Broken bones 
occur in slips, trips, and falls from a different 
level or on the same level. Explosions or fires 
happen with spilled fuels, improperly stored 
flammable materials, and inadequate repair 
procedures.

11.11 Summary

Agriculture is one of the most hazardous of occu
pations in all Western industrialized countries 
discussed in this book because of the high rate of 
fatal and non‐fatal injuries. This chapter delves 
into who, how, why, and prevention of these 
injuries, which are relatively similar among 
developed industrialized countries. The chapter 
is divided into three sections to help accomplish 
these aims: (1) injury statistics and epidemiologi
cal data, (2) rescue and medical treatment con
siderations, and (3) illustrative injury scenarios. 
These sections help to provide an understand

ing of how injuries occur as well as assisting in 
anticipating medical implications and preven
tion opportunities.

The human (cultural), environmental, and 
agent peculiarities in agriculture and the eco
nomic factors inherent in production agriculture 
make injury prevention complex.

Additional risk factors in agriculture (e.g., 
being young or old) are presented to assist 
health and safety providers in anticipating and 
preventing acute injuries, and to prompt to 
them to recommend preventive accommoda
tions in the workplace and work environment, 
such as assigning tasks appropriate for the age, 
physical capabilities, and cognitive faculties of 
the workers.

Tractors and other machinery together clearly 
dominate the fatalities, standing out among a 
variety of other, relatively less important, indi
vidual agents. Animals and machinery are 
roughly equally dominant agents of non‐fatal 
injury. These non‐fatal injury events, and the all‐
too‐frequently contaminated, mangled, crushed, 
multi‐part trauma that results, challenge health
care providers serving rural, remote, and frontier 
communities.

The injury scenarios presented in this chapter 
provide context to the statistics for those first on 
the scene, first responders, EMTs, emergency 
room carers, tertiary carers, and rehabilitation 
specialists. We aimed to provide a deepened 
understanding of the uniqueness of acute agricul
tural injuries, relative to how they occur, treat
ment basics, complications, and long term 
outcomes of patients.

The knowledge, judgement, skill, expertise, 
and transfer of accurate information about the 
situation to the respective levels of care along 
this “chain of custody” will ensure the best 
outcome for the farm injury victim. 
Understanding this information can help 
health and safety professionals to have a greater 
awareness of the circumstances of their agricul
tural patients, allowing them to provide more 
useful consultation and participate in preven
tion programs.
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12.1 Introduction

Over 5000 pharmaceuticals are licensed for use in 
livestock production or veterinary medicine in 
the United States. These pharmaceuticals include 
antibiotics, immunizing products (biologicals), 
and a broad array of therapeutics, tranquilizers, 
analgesics, and anesthetics (1–3). They are used 
for the treatment or prevention of disease, to pro-
mote growth, for restraint, to relieve pain, or to 
induce anesthesia for surgery (4). A number of 
these agents are potential occupational or com-
munity health hazards by direct exposure through 
unintended needle sticks, contact with skin or 
mucous membrane, or indirect exposure through 
the air, water, or food (5). This chapter will review 
these potentially hazardous pharmaceuticals, 
describe the nature of the potential harm and 
treatment, and, most importantly, promote safe 
use and prevent harm.

12.2 Background and Overview

The modern age of pharmaceutical use in 
 livestock production began (in the United States) 
in the late 1940s following the discovery of 
 penicillin, and the development of vaccines and 
antisera to be used in the national swine cholera 
eradication program. Skin contact or aerosol 
exposure to antibiotics may occur, as they are 
often mixed into the animal’s drinking water or 
feed for disease treatment or prevention, or for 
growth promotion. Antibiotics and other phar-
maceuticals also may be administered by a hypo-
dermic needle or by high‐pressure needless 
injection. When administering injections to a 
large number of animals, there are multiple 
opportunities for unintended needle sticks to the 
handler or assistant.

There are similarities between the regulations 
concerning pharmaceuticals for human use and 
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veterinary pharmaceuticals in that the federal 
agencies require testing and licensing to assure 
the product is effective, and will not cause human 
or animal health or environmental concerns. The 
US Federal Food and Drug Administration 
(FDA) is responsible for assuring the efficacy and 
safety of all licensed drugs and biologicals for 
human use. The FDA and the US Department of 
Agriculture (USDA), Animal, Plant Health, 
Inspection Service (APHIS) work in tandem to 
ensure licensed veterinary pharmaceuticals for 
livestock and pets are effective, and will not cause 
undue harm to humans, animals, or the environ-
ment. The sometimes confusing jurisdiction is 
laid out in a memorandum of agreement between 
the two agencies (6). The basic agreement is that 
the USDA APHIS approves and regulates veteri-
nary biologics (immunization) products (7) and 
the FDA is responsible for ensuring the efficacy 
and safety of all licensed veterinary drugs other 
than biologicals for use in animals, and for ensur-
ing such products do not end up as health  hazards 
in food products (8). There are comparable 
 agencies in other industrialized countries.

There is one important difference between 
pharmaceuticals for human use and veterinary 
pharmaceuticals. Most pharmaceuticals for use in 
human medicine require a prescription from a 
licensed physician, while most veterinary phar-
maceuticals do not (although there is variability 
in this policy among the developed countries). 
Veterinary pharmaceuticals are widely available 
to livestock producers through various sources, 
including farm supply stores, the internet, for-
eign markets, and service agents from the live-
stock integrating companies that contract their 
livestock production with private growers. This 
policy results in the use of many products under 
little or no professional control, increasing the 
risk for potentially harmful drugs to be inappro-
priately used. However, some drugs are not 
approved for use in food animals or must be 
administered or prescribed by a veterinarian 
 (veterinary prescription only), and thus by regu-
lation are not available over the counter. For 
example, the antibiotic chloramphenicol cannot 
be used in food animals because of concerns 

about human health risks, and brucellosis and 
rabies vaccines are to be administered only by a 
licensed veterinarian. The former is an example 
of a USDA regulated product and is part of a 
 government disease‐control program managed in 
the field by licensed veterinarians. Rabies vacci-
nation of dogs and cats is required by most 
municipal jurisdictions.

The FDA licenses products as approved for 
specific purposes (e.g., antibiotic x for use as a 
subcutaneous injection in cattle for respiratory 
infections). Producers and veterinarians violating 
these regulations can be charged and fined or 
have their license removed. Furthermore, veteri-
narians cannot to use products “off label,” or 
“extra label,” that is, they cannot be used beyond 
the use listed on the FDA or USDA approved 
package label. Currently, in the United States 
there are pending regulations that will require 
greater supervision of antibiotics used in live-
stock. (Details of these regulations are discussed 
in more detail later in this chapter).

The EU strictly regulates veterinary pharma-
ceuticals that may pose public health or environ-
mental hazards (9). The EU has adopted the 
“precautionary principle,” which (relative to the 
United States) is a conservative approach to 
 protecting the public from suspected risks in the 
absence of scientific consensus. There are there-
fore more restrictions on the use of veterinary 
pharmaceuticals and growth enhancers in the 
EU. This also applies to animal food products 
from countries that allow for the use of certain 
growth‐promoting pharmaceuticals.

As previously mentioned, many animal phar-
maceutical products are readily available to the 
lay person. This may surprise human healthcare 
professionals, as some of these products are harm-
ful if a person is unintentionally exposed. In addi-
tion to the risk of unintended exposures to 
veterinary pharmaceuticals, there is evidence of 
intentional usage of these products by livestock 
handlers for self‐treatment (particularly antibiot-
ics and pain medications) (10). There is also 
 evidence that veterinary and human therapeutic 
agents excreted in fecal material applied to land 
may run off into surface waters and support the 
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development of antibiotic‐resistant bacteria (11, 
12). Also, some veterinary products (e.g., psycho-
tropic drugs and anabolic steroids) may be found 
in illicit human drug markets.

The intent of this chapter is to review several 
classes of pharmaceuticals and specific pharma-
ceuticals that may cause harm to humans who are 
unintentionally exposed through occupational, 
environmental, or intentional exposures. The 
population at risk to these exposures includes 
livestock producers, farm workers, veterinarians 
and veterinary assistants, and those who seek 
illicit use for themselves or others. The FDA 
Center for Veterinary Medicine (13) maintains a 
voluntary surveillance system on adverse drug 
reactions from veterinary pharmaceuticals in 
both animals and exposed humans. Other coun-
tries have analogous systems, for example the 
Veterinary Medicine Directorate in the UK (14–16). 
As these systems depend on voluntary reporting, 
any health professional, safety professional, vet-
erinarian, or producer should report adverse inci-
dents they encounter. This is important for 
prevention, as identified hazardous products can 
be quickly withdrawn if identified. Instructions 
for reporting to the FDA are found on the FDA 
website (13).

12.3 Veterinary Biologicals

12.3.1 Introduction and Overview
Biologicals are products developed from biological 
process (in vivo or in vitro) for the purpose of 
enhancing the immunity of animals to infectious 
diseases. There are several categories of biologicals, 
and it is important to understand the differences 
in their potential health hazards for humans.

Antisera

Antisera are products containing antibodies har-
vested and refined by in vitro processes such as a 
monoclonal antibody production. Unintentional 
injections with these products are a low health 
risk, but may cause local inflammation (e.g., 
 foreign protein reaction). There are no other 

anticipated problems except for trauma from 
the needle stick or potential introduction of 
infectious agents into the skin or subcutaneous 
tissues.

Bacterins

The USDA definition (which we apply in this 
discussion) of a bacterin is a product made from 
killed bacteria (17). (Note that medical dictionar-
ies define it as a killed or live modified bacteria 
product.) These products are designed to afford 
active immunity and usually include substances 
to enhance their immunogenicity (adjuvants).

Vaccines

A vaccine is a product of live bacterial or live or 
killed viral origin, developed to afford active 
immunity (USDA definition) (17). The living 
agents are altered to reduce virulence (attenuated) 
for the intended vaccinated species.

Adjuvants

Adjuvants are products that are incorporated 
with bacterins or vaccines to enhance the immu-
nogenicity of the product. Adjuvants include 
products such as mineral oils, components of 
Mycobacterium organisms, and aluminum salts 
among other products. Adjuvants work by 
increasing the local inflammatory process, delay-
ing the adsorption of the active agent from the 
site of inoculation and thereby stimulating the 
immune system over a longer period of time.

Toxoids

Toxoids are inactivated toxins (e.g., tetanus tox-
oid) that create active immunity.

Antitoxins

Antitoxins are products produced as described 
above for antisera. Antitoxins (e.g., tetanus anti-
toxin) produce passive immunity. Accidental 
inoculations with these products create a low‐risk 
health problem. Local inflammation, trauma, 
and infection from a needle stick are possible.
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12.3.2 Needle‐stick Exposure Risks
Presented with a patient who has unintentionally 
stuck him‐ or herself with an animal immunizing 
product, the health provider should ascertain the 
type of offending agent. Knowledge of the type of 
product (according to the definitions above) will 
assist the provider in understanding the probable 
pathophysiology of the injury, making informed 
treatment decisions, and providing a probable 
prognosis. Important facts to remember are (1) 
any needle stick may cause an infection because 
the needle and skin are both likely to be contami-
nated, (2) inoculation with antisera or bacterin 
will not cause an infection from the product itself, 
but can cause an allergic reaction or inflammation 
(especially if the bacterin has a mineral oil and or 
Mycobacterial adjuvant), and (3) inoculation with 
a vaccine may cause an infection in the unin-
tended host because it may contain live attenuated 
organisms (which may be infectious for humans 
(see Table 12.1) (18, 19). Inoculation with a tox-
oid or antitoxin will not cause an infection from 
the product itself, but may cause localized inflam-
mation. The following sections provide more 
detailed information on needle‐stick hazards.

Unintended exposure to needle sticks is one of 
several ways an individual may be exposed to a 
veterinary pharmaceutical. Unintended needle 
sticks are common in livestock producers, their 
employees, and veterinary personnel (12, 20–29). 
One surveillance report indicated that up to 80% 
of livestock producers and veterinarians or their 
assistants were unintentionally stuck the previous 
year (30). Unintended needle sticks may cause 
injury in one or more of the following ways:

1. Infection from a contaminated needle. Rarely are 
needles new or sterilized between  livestock inoc-
ulations when treating many animals on the 
same day in a given herd, therefore these needles 
are likely to be contaminated with potentially 
infectious organisms from feces, skin surfaces, 
or other environmental sources. Although nee-
dle‐site infections are seldom seen in the  animals 
from this practice, such needle contamination 
may be likely to cause concern in an unintended 
human needle stick. Furthermore, these needles 

are usually large bore (e.g., 14–16 gauge), dull, 
and barbed. They can create a more severe trau-
matic injury when entering and withdrawing 
from the injection site compared to the smaller 
bore (e.g., 23–25 gauge) single‐use needles 
commonly used in human medicine.

2. Infection from an immunizing product injected 
into an unintended recipient. Some vaccines 
contain organisms that may be attenuated 
(not infectious) for the target species, but not 
attenuated for the unintended host. Several 
such products (see Table 12.1) are infectious 
for humans (28).

3. Inflammation (or other adverse effects) from the 
product injected into the accidental host. Many 
veterinary vaccines may not be infectious, but 
the adjuvants within the product may be 
highly inflammatory, for example mineral oil 
alone or in combination with mycobacterial 
cell products (e.g., Freund’s adjuvant). These 
substances are commonly used in bacterins for 
veterinary purposes and may be highly inflam-
matory when injected into a person (16, 26, 
28–30). Freud’s is not allowed in products for 
humans because of its necrotizing effect on 
subcutaneous and muscle tissue. In addition to 
biologicals, several additional veterinary prod-
ucts, such as hormones, sedatives, anesthetics, 
and antibiotics, may be accidentally injected 
into workers, causing severe reactions. These 
are discussed in later sections of this chapter.

4. A hyperimmune reaction to a product for which the 
accidental host has been previously exposed. In the 
event that a patient had previously developed an 
immune response to an infectious agent, then if 
subsequently injected with a biological for that 
agent, that person may develop a local allergic or 
systemic response to that product (31).

12.3.3  Symptoms, Clinical Signs, and 
Pathogenesis of Unintended 
Exposures to Animal 
Biologicals

This section describes various biologicals and how 
they are used by the health or safety provider to 
ascertain an accurate history of potential  hazardous 
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needle sticks. Brucellosis is an  economically 
important infectious disease of cattle, sheep, goats, 
and pigs worldwide. Cattle brucellosis eradication 
programs are based largely on vaccination of 
female brood stock before pregnancy at 4–12 
months of age. RB51 brucellosis vaccine replaced 
the former strain 19 in 1996, which was much 
more pathogenic in humans, causing numerous 
cases of brucellosis in veterinarians and occasional 
localized hyperimmune responses (31). Although 
RB51 is less pathogenic for humans, several cases 
of localized and systemic infections have been 
reported in veterinarians (32). Exposures occur 
from needle sticks, skin and mucous membrane 
contact with the vaccine, or direct contact with 
placental or fetal tissues from a pregnant cow 
infected with the RB51 vaccine strain (32).

In addition to brucellosis vaccine, conta-
gious ecthyma, New Castle virus, and erysipelas 
 vaccines can produce clinical infections in 
humans (14–16, 28). None of these diseases are 
required to be administered by a veterinarian, 
so infections may be present in producers and 
livestock workers. Contagious ecthyma vaccine 
for sheep and goats can cause a localized skin 
infection very similar to an actual field‐acquired 
infection. Newcastle vaccine is administered via 
the aerosol route or in water to poultry flocks. 
If  a person is not properly protected while 
 handling or administering the vaccine, they 
may develop severe  conjunctivitis and systemic 
influenza‐like symptoms (20). Contagious 
ecthyma and Newcastle vaccine infections are 
self‐limiting illnesses. There is no specific treat-
ment and complete recovery usually occurs over 
a course of 2–3 weeks.

Erysipelas is a bacterial disease primarily of 
swine (caused by Erysipelas rhusiopathiae). 
Although most of the available immunizing 
 products for erysipelas are bacterins (and there-
fore will not cause infections) a few are live 
 vaccines and many cause an infection from an 
unintended needle stick. They may cause a local-
ized and systemic disease similar to field‐acquired 
erysipeloid (E. rhusiopathiae infection in humans). 
Treatment with macrolide antibiotics would be 
appropriate.

In addition to infection from the live agent 
within the biological, injuries from inflammation 
of the adjuvant in the product and/or infections 
from a contaminated needle are common. Johne’s 
disease bacterin causes a particularly severe 
inflammatory reaction when accidentally inocu-
lated (22). This product can only be administered 
by a licensed veterinarian. Johne’s disease of cattle 
and sheep is a mycobacterium infection that 
 produces a disease very similar to Crohn’s disease 
in humans. The Johne’s disease vaccine for sheep 
(Gudair vaccine) is used in Australia and New 
Zealand. Unintentional inoculation of sheep 
 producers with the Gudair vaccine has resulted in 
several cases of severe inflammation and necrosis 
of subcutaneous and muscle tissues locally and 
peripherally as the vaccine material migrates along 
muscle bundles and tendon sheaths (26,  29). 
Inoculation in the hand has resulted in swelling 
and impingement of the blood and nerve supply 
to local tissues and digits, requiring amputations 
of digits.

The main hazardous substance in Johne’s 
 bacterin is the adjuvant, which is a mineral oil, 
combined with the killed agent (Mycobacterium 
avium subspecies paratuberculosis), which creates 
the tissue inflammation and necrosis.

E. coli bacterins also cause local tissue inflam-
mation. Treatment of these agents should focus 
on the inflammatory response and potential 
infection from a contaminated needle. Only 
rarely do E. coli bacterins cause an entrapment 
syndrome such as observed with Johne’s 
vaccines.

12.3.4  Treatment of Humans Exposed 
to Biologicals

Proper treatment depends on the collection of a 
thorough patient history and details about the 
exposed product. For patients exposed to RB51 
brucellosis vaccine, the recommended treatment 
is 100 mg of doxycycline twice daily for at least 3 
weeks (33). Additional treatment must be consid-
ered if the patient develops a hyperimmune 
response to the vaccine, which may include 
 steroidal anti‐inflammatories and osmotic diuresis 
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to relieve swelling that might threaten restriction 
of the circulation or nerve supply to vulnerable 
body parts (e.g., the hand).

For needle sticks with biologicals that primar-
ily cause local inflammation, first‐aid treatment 
should include pressure below and upward to the 
site of inoculation, attempting to express some of 
the inoculum to the surface. Thorough cleaning 
of the wound with soap and water should follow. 
Consultation of the package insert or material 
safety data sheet (MSDS) should direct follow‐up 
treatment. In absence of that information, careful 
supervision of the wound should occur to watch 
for clinical changes. If pain and inflammation 
should continue for some time following the 
injection (especially if the injection is in the 
hand) medical treatment is recommended. Ideally 
the patient should take the package label or 
MSDS sheet to the healthcare provider.

Medical interventions may include surgical 
drainage, irrigation, and debridement of the 
region of inoculation. Injection to the hand may 
be a medical emergency requiring a hand  surgeon. 
There is the potential for loss of tissue and digits if 
not evaluated and treated in a timely manner. 
Surgical opening and debridement with aseptic 
bandaging and delayed closure until inflammation 
and infection appears controlled may be  necessary. 
Coverage with a broad‐spectrum antibiotic not 
generally used in livestock (e.g., vancomycin, 
 linezolid, or dalbavancin) may be necessary for 
infected wounds.

This author (KJD) has investigated several 
cases of needle sticks involving the flexor tendon 
sheath of the index finger, which required surgi-
cal drainage to relieve compartmentalization. 
Jennissen, Wallace, Donham, and co‐workers 
investigated nine cases of needle sticks injuries 
with livestock biologicals hospitalized at the 
University of Iowa (30). These cases typically 
resulted in inoculation of the non‐dominant 
hand while attempting animal vaccinations. 
However, one case involved inoculation of the 
extensor muscles of the thigh, requiring surgical 
debridement, and one case involved a fungal 
osteomyelitis. A killed vaccine of circovirus and 
mycoplasma combination for swine was a com-

mon source of the injury in the non‐reported and 
published cases reviewed above.

12.4 Antibiotics

12.4.1 Introduction and Overview
Antibiotics are used extensively in livestock and 
poultry production to treat sick animals, prevent 
infections in herds and flocks, and enhance the rate 
of growth and efficient utilization of feed. FDA 
approves certain antibiotics for use in food produc-
ing animals that are not essential to treatment of 
humans. Those antibiotics are listed in Table 12.1. 
Potential adverse occupational health effects in live-
stock producers from antibiotic exposures include 
direct toxicity of the antibiotic, allergenic reactions, 
and antibiotic‐resistant infections. Community 
health concerns are focused on the relationship to 
the evolution of antibiotic‐ resistant infections in 
humans. The latter issue has  created a longstanding 
and high‐level public debate over if and how anti-
biotics should be used in livestock production. The 
following paragraphs will discuss these issues.

In recent years, there has been a heightened con-
cern about the increase in antibiotic‐resistant infec-
tions in both human and animal populations. The 
use of antibiotics in human medicine, veterinary 
medicine, and agricultural production has been 
heavily scrutinized since the 1990s (1, 34–39). The 
majority of antibiotics sold in the United States and 
Europe are used in food  animals (50). Furthermore, 
a significant portion of the antibiotics used in US 
livestock production are used as sub‐therapeutic 
feed additives for growth promotion rather than for 
disease treatment (51). These facts have fueled an 
extensive debate on the risk  versus benefit of their 
use in livestock production (11, 12, 36, 40–58). 
Since the late 1960s there has been concern about 
environmental and public health hazards related to 
the use of antibiotics and the possible relationship 
to the world‐wide development of antibiotic‐resist-
ant infections (59–63).

Although antibiotics have been used in livestock 
production for disease treatment since the 1940s, it 
was not until the early 1960s that antibiotics began 
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being added to animal feeds for growth promotion 
(40). This came about following research by animal 
scientists who discovered that low‐level feeding of 
antibiotics to cattle, swine, and chickens not only 
increased their growth rate by 3–5%, but also made 
them gain weight while consuming less feed 
(increased feed efficiency), and egg production was 

improved (39, 64). A more recent study suggested 
that the gain is between 1% and 2% (54). (The 
variance likely depends on the particular strain of 
animal and antibiotics also appear to be more ben-
eficial in low‐hygiene farms). The sub‐therapeutic 
use of antibiotics has declined or been banned in 
most EU countries, with declining use in the 

Table 12.1 Antibiotics approved for use in food‐producing animals marketed in 
2011: classification and sales (18)

Antimicrobial classification Sales (kg)b

Tetracyclinesa

Chlortetracycline
5,652,855

Ionophores
Laidlomycin, lasalocid, monensin, narasin, salinomycin

4,122,397

Pencillins1

Amoxicillin, ampicillin, cloxacillin, penicillin
885,304

Macrolides1

Erythromycin, gamithromycin, tilmicosin, tulathromycin, tylosin
528,836

Sulfas1

Sulfadimethoxine, sulfamerazine, sulfamethazine, sulfaquinoxaline
383,105

Aminoglycosides
Dihydrostreptomycin, gentamicin, neomycin, spectinomycin,  

streptomycin

214,895

Lincosamides1

Lincomycin, pirlimycin
190,101

Cephalosporins1

Ceftiofur, cephapirin
26,611

Amphenicols
Florfenicol

ND

Diaminopyrimidines
Ormetoprim

ND

Fluoroquinolones
Danofloxacin, enrofloxacin

ND

Glycolipids
Bambermycins

ND

Pleuromutilins
Tiamulin

ND

Polypeptides
Bacitracin

ND

Quinoxalines
Carbadox

ND

Streptogramins
Virginiamycin

ND

Aminocoumarins
Novobiocin

ND

a Includes antimicrobial drug applications that are approved and labeled for use in both food‐producing 
animals (e.g., cattle and swine) and non‐food‐producing animals (e.g., dogs and cats).
b kg = kilogram of active ingredient. Antimicrobials sales that were reported in international units (IU) (e.g., 
penicillins) were converted to kilograms. Antimicrobial class includes drugs of different molecular weights, 
with some drugs reported in different salt forms.
ND, no data available.
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United States and Canada. The current percentage 
of farm animals fed antibiotics in the United States 
is not known, but a 1999 national survey revealed 
that about 65% of young pigs (weaners and 
 growers) and 47% of finishers were fed sub‐ 
therapeutic concentrations of antibiotics in feed 
(65). Chickens and veal calves have also been 
 commonly fed antibiotics throughout a significant 
portion of their life cycle (66). There is less  evidence 
for use of low‐level antibiotics for  disease pre-
vention except for certain diseases (e.g., organic 
arsenicals and carbadox for bloody scours in pigs, 
and sulfa drugs for prevention of coccidiosis in 
poultry (67)).

How sub‐therapeutic antibiotics work is not 
entirely clear, but there are several theories: (1) 
they have a direct effect on the metabolism of the 
animals by increasing the levels of insulin‐like 
growth factor, (2) they bring about a change in 
the gastrointestinal flora that decreases bacterial 
competition for nutrients, enhancing the diges-
tive processes (51), and (3) they bring about a 
reduction in pathogens that might be sub‐ clinically 
affecting the general health status of the animal 
(42, 68). Several studies have been conducted in 
the United States on the economic value of feed-
ing sub‐therapeutic antibiotics for growth pro-
motion. Van Lunen (68) reported an economic 
advantage of $3.77 (in 2015 dollars; 69) per pig 
in feed and housing costs. Brorsen and colleagues 
(70) calculated an economic value for total US 
pork and poultry production of $798 million (in 
2015 dollars; 69). These authors’ models predict 
that consumers would pay the majority of the 
increased cost of production if antibiotics were 
not used. Other studies have shown a negative 
economic outcome of 93 cents lost per bird 
when  feeding sub‐therapeutic antibiotics (71). 
Of course these prediction models vary as to 
the parameters included in the algorithm. More 
definitive studies with a lifecycle analysis and 
 rigorously defined variables need to be designed to 
give a more accurate economic benefit model.

Some scientists, some livestock producers, 
and some of the general public believe that anti-
biotics are necessary to produce livestock in the 

 confined, intensive production systems that 
have emerged in Western agriculture since the 
1970s. Others claim that focusing on excellent 
livestock management and sanitation will 
achieve the same gains in production without 
antibiotics (34, 44, 48). From a food safety per-
spective, Hurd (72) suggests that antibiotics are 
important in swine production to decrease the 
risk of zoonotic bacteria in the end product at 
the meat counter.

Besides livestock and poultry production 
there are other uses for antibiotics in agriculture, 
including orchard and horticultural plant 
 production. For example, in orchards, aminogly-
cosides (e.g., streptomycin) are sprayed on some 
fruit crops to reduce the surface microbial 
growth (46). In ethanol fermentation of corn 
and other plants, antibiotics are used to counter-
act bacterial “infections” in processing, which 
can degrade the efficiency of production by up 
to 5% (73). The following antibiotics are 
 commonly used in the ethanol fermentation 
process: macrolids (e.g., erythromycin, tylosin), 
aminioglylcosides (e.g., Virginiamycin, strepto-
mycin), beta‐lactams (e.g., penicillin), and tetra-
cyclines. An additional concern is that antibiotics 
are showing up (over 50% in a 2008 FDA 
 survey) in the animal feed byproducts of ethanol 
production (dried distillers’ grain and solubles 
(DDGS)). These products are a valuable byprod-
uct of ethanol production and account for about 
20% of the industry revenue. DDGS is com-
monly incorporated in 10–20% of the feed 
rations for monogastric animals (e.g., pigs, 
 poultry, and fish) and 10–40% of ruminant 
rations (e.g., beef and dairy cattle).

The amount of antibiotics used in these non‐
livestock processes is not known as the antibiot-
ics are not acquired from “trackable” sources. 
The amounts may be much less than in live-
stock production. However, if the prudent pol-
icy is to reduce the overall use of antibiotics to 
help limit the promotion of antibiotic‐resistant 
bacteria, perhaps these non‐livestock produc-
tion uses should be considered as part of a 
reduction strategy.
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12.4.2  Occupational Health Exposure 
Risks

Acute Toxic Reactions

Although antibiotics as a class of drugs are gener-
ally not associated with acute toxicity, there is one 
notable exception. Tilmicosin is a macrolide anti-
biotic for use in cattle for respiratory infections. It 
is particularly effective for Gram‐positive organ-
isms and some Gram‐negative organisms. However, 
in many monogastric animals (including humans) 
tilmicosin is a potentially lethal cardiotoxic drug 
(21, 74, 75). Children as well as adults have been 
adversely exposed (21). A 2006 (74) publication 
reported on 3168 exposure cases which occurred 
from 1992 to 2005. Sixty per cent of exposures 
were from needle sticks; the remaining were skin, 
eye, or mucous membrane exposures. Adverse 
symptoms were seen in 44% of those exposed. 
Most cases were from external tissue contact or 
sub‐lethal dose injections. The primary symp-
toms included eye pain, burning sensation of the 
mouth, bad taste, pain and swelling at the site of 
injection, and abnormal electrocardiogram. Most 
of these patients fully recovered with standard 
wound care (74). However, severe health conse-
quences have resulted from needle injections of 
greater than 0.5 mL (150 mg) tilmicosin. One 
hundred and fifty‐eight (5%) of the 3168 cases 
reported by Veenhuizen were severely affected, 
resulting in 13 (18%) fatalities (74). Injections 
of 2–5 mL of Tilmicosin 300 mg/mL or greater 
than 600 mg may result in severe to fatal 
 reactions, as exemplified by the following illus-
trative case.

Case Report

A Nebraska dairy farmer was carrying a syringe 
filled with tilmicosin 300 mg/mL in his pocket, 
the contents of which he was planning to inject 
into a cow with suspected pneumonia. He was 
kicked by another cow, driving the needle and the 
contents of the syringe into his inner thigh. He 
became dizzy and experienced chest pain and an 
accelerated heart rate. He was transported to a 

local hospital, where he died about an hour after 
the incident (75).

Tilmicosin is a potent calcium channel blocker 
that prevents calcium from entering the heart 
muscle cells, reducing muscle contractility and 
cardiac output, and leading to death from cardiac 
failure.

The treatment considerations for tilmicosin 
exposure have been recommended by several 
authors (74, 76, 77). Tilmicosin skin exposure 
can be treated by washing the exposed area with 
soap and water. For eye exposure, flush with an 
isotonic eye wash (if available) or just clean water. 
For injections, the primary first‐aid treatment is 
to expel any injected material as quickly as 
 possible by expression below and upward of the 
entry point of the needle. The second aim of 
emergency treatment is to slow the circulation 
from the affected area, reducing the potential for 
a toxic concentration to reach the cardiac  muscle. 
If the injection site is a limb, this may be 
 accomplished by applying a tourniquet between 
the injection site and the heart, and packing the 
affected area or limb in ice. Simultaneously, the 
nearest emergency room should be contacted 
and advised of the incident and agent, and the 
patient transported there as soon as possible. 
(There is about 15 minutes from the time of 
injection of a  systemic toxic dose until severe 
symptoms begin.) Although there is no specific 
antidote for tilmicosin toxicity, dog studies sug-
gest the following may have a positive effect: (1) 
IV calcium in the form of calcium gluconate or 
calcium chloride, (2) IV sympathomimetic 
drugs, for example dobutamine or dopamine, (3) 
supportive care, for example balanced electrolyte 
IV fluid therapy for hypotension, (4) avoid beta‐
adrenergic drugs, for example propranolol or 
 epinephrine, as they seem to exacerbate the 
adverse cardiac event (76). Emergency numbers 
to call include:

1. Poison Control Center 1‐800‐222‐1222 
(United States)

2. Elanco 1‐800‐722‐0987 (manufacturer of 
Micotil) (international).
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 Occupational Allergic Reactions 
to Antibiotics

Some of the common antibiotics used as growth 
promotors (or for treatment) in animal feeds 
include penicillin, tetracycline, sulfamethazine, 
and virginiamycin (a more detailed list is given in 
Table 12.2) (19, 36, 39). Of these, penicillin is the 
most commonly recognized antibiotic sensitizer, 
resulting in both dermal (78) and asthmatic 
symptoms. Dermal as well as respiratory exposure 
can occur when grinding, mixing, and handling 
feed that contains antibiotics. Aerosols of feed are 
produced during the mixing and grinding process 
and whenever the concentrates are handled or 
moved. Inhalation exposure can occur at any 
phase in the various processes of preparation, 
transportation, or feeding. Occupational expo-
sures may occur at grain elevators and feed manu-
facturers or on the farm. Cases of allergic 
dermatitis and asthma or other systemic responses 
to antibiotic exposure are rare, but pose a real risk 
for a small percentage of the exposed population.

12.4.3  Antibiotic‐resistant  
Organisms

Overview

In the late 1960s, a young farm girl in England 
became ill with a severe Salmonella gastrointesti-
nal infection with systemic symptoms (37). Her 
physicians were hampered in their treatment 
because they could not find an antibiotic that was 
effective against the organism, and the little girl 
died. Public health officials then traced the 
 origins of the infecting bacterium back to veal 
calves on the farm where she lived. Antibiotics 
had been extensively used in these calves and they 
were harboring resistant Salmonella, probably the 
same organism that caused the girl’s death.

This case was highly publicized, creating a 
national concern that resulted in the appoint-
ment of a special commission to study the situa-
tion. That report (the Swan Commission Report) 
led to a progressive and evolving concern and 
policy discussions over the past four decades 
regarding the relationship of antibiotic use in 

farm animals with resistant infections in humans 
(79). The focus of that concern has been the 
sub‐therapeutic use of antibiotics as growth 
promotors.

Several studies have shown that animals fed 
antibiotics (on farms where none had been previ-
ously used) rapidly developed resistant gut flora 
(80). Furthermore, producers and animal 
 handlers in contact with these animals rapidly 
developed a similar gut flora and resistance 
 pattern (80–82). The antibiotics used in livestock 
and humans, and their methods of use are given 
in Tables 12.2. The use of certain antibiotics has 
been shown to increase the degree of shedding of 
resistant organisms in the feces (83). This is 
thought to be caused by antibiotics reducing the 
population of susceptible organisms in the gut, 
thus reducing the competition for the resistant 
organisms, allowing them to multiply with less 
impedance (80).

The development and transfer of antibiotic 
resistance among microorganisms is well 
described and develops in one of several ways 12, 
39, 44, 52, 53, 58:

1. A spontaneous mutation may occur that 
affords the organism antibiotic resistance.

2. Free fragments of genetic material or extra 
nuclear genetic material capable of reproduc-
tion on its own (plasmid) may be taken up 
from other disrupted cells and will transfer 
resistance to that cell.

3. A type of virus that infects bacterial cells 
(phage) that contains resistant genetic mate-
rial may inject that material into a bacterial 
cell, giving it resistance.

4. A bacterium with a resistant plasmid may 
make direct contact with another bacterium 
(conjugate), transferring resistance.

In each of these cases, these new resistant 
organisms may multiply by binary fission,  passing 
on resistance to succeeding generations. The 
source of the resistant genetic material may be 
non‐pathogen, but the recipient may be a patho-
gen, therefore non‐pathogens with resistant 
genetic material can serve as reservoirs of resistant 
genetic material for pathogens, resulting in new 



Ta
bl

e 
12

.2
 A

n
ti

b
io

ti
cs

 u
se

d
 in

 li
ve

st
o

ck
 p

ro
d

u
ct

io
n

 a
n

d
 h

u
m

an
 h

ea
lt

h
 (

19
)

An
tib

io
tic

 c
la

ss
An

im
al

 sp
ec

ie
s

U
se

d 
fo

r 
tre

at
m

en
t

U
se

d 
fo

r 
pr

ev
en

tio
n

U
se

d 
fo

r g
ro

w
th

 
pr

om
ot

io
n

Al
l a

nt
ib

io
tic

s u
se

d 
in

 li
ve

sto
ck

 (%
)

H
um

an
 u

se
Ba

ct
er

ia
l 

re
sis

ta
nc

e

A
m

in
og

ly
co

si
de

s
(g

en
ta

m
yc

in
, n

eo
m

yc
in

, s
tre

pt
om

yc
in

)
C

at
tle

, p
ou

ltr
y, 

sh
ee

p,
 sw

in
e

Ye
s

Ye
s

N
o

1.
5

Ye
s

Ye
s

B
et

a‐
la

ct
am

s
(p

en
ic

ill
in

s (
am

ox
ic

ill
in

 a
nd

 a
m

pi
ci

lli
n)

, 
ce

ph
al

sp
or

in
s (

th
ird

 g
en

er
at

io
n)

C
at

tle
, p

ou
ltr

y, 
sh

ee
p,

 sw
in

e
Ye

s
Ye

s
Ye

s
N

o
6.

2
Ye

s
Ye

s

Io
no

ph
or

es
C

at
tle

, p
ou

ltr
y, 

sh
ee

p
N

o
Ye

s
Ye

s
30

N
o

Ye
s

M
ac

ro
lid

es
(e

ry
th

ro
m

yc
in

, t
ilm

ic
os

in
, t

yl
os

in
)

C
at

tle
, p

ou
ltr

y, 
sw

in
e

Ye
s

Ye
s

Ye
s

4.
3

Ye
s

Ye
s

Po
ly

pe
pt

id
es

(b
ac

itr
ac

in
)

Po
ul

tr
y, 

sw
in

e
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s

Fl
uo

ro
qu

in
ol

on
es

(e
nr

of
lo

xa
ci

n)
C

at
tle

, p
ou

ltr
y

Ye
s

Ye
s

N
o

0.
1

Ye
s

Ye
s

Su
lfo

na
m

id
es

C
at

tle
, p

ou
ltr

y, 
sw

in
e

Ye
s

N
o

Ye
s

2.
7

Ye
s

Ye
s

Te
tr

ac
yc

lin
es

C
at

tle
, p

ou
ltr

y, 
sh

ee
p,

 sw
in

e
Ye

s
Ye

s
Ye

s
41

Ye
s

Ye
s

Li
nc

os
am

id
s

Sw
in

e
Po

ul
tr

y
Ye

s
Ye

s
Ye

s
1.

4
Ye

s
Ye

s

FD
A 

re
po

rt
s



424 Agricultural Medicine

generations of disease‐causing bacteria. These 
described mechanisms are well documented and 
explain the increasing reservoir of antibiotic‐
resistant genetic material and resistant organisms 
in the environment, and thus the greater poten-
tial for resistant infections in the human and 
 animal populations.

The prevailing theory for the increasing num-
ber of resistant organisms is that the antibiotic 
usage (human, animal, non‐animal agriculture) is 
producing selection pressure favoring organisms 
that developed resistance by one or more of the 
mechanisms described above. Use of sub‐ therapeutic 
feeding of antibiotics is thought to enhance the 
selection pressure.

Occupational Health Risks

Evidence suggests that farm workers, especially 
those around livestock, poultry, or fruit crop pro-
duction, may be at greater risk of antibiotic‐resistant 
infections relative to the general population 
(80, 81). Although there is insufficient research 
data to quantify this risk, healthcare professionals 
should always consider the possibility of resistant 
infections in their differential diagnoses when 
caring for livestock producers and consider 
 relevant treatment options.

Another risk, in addition to direct contact 
with resistant bacteria, is delayed contact. One 
example of delayed contact is that of a patient 
who reported to her physician for a skin wound 
infection. The patient was put on a course of 
antibiotics for the skin infection, and within a 
few days developed a severe and highly resistant 
gastrointestinal infection. The resistant organism 
was traced to its likely origin in the animals on 
the patient’s farm. Prior to treatment, the patient 
likely already had the resistant gut pathogens, but 
they were held at sub‐clinical level by competi-
tion with other gut flora. However, administra-
tion of antibiotics for the skin infection reduced 
competition from the non‐resistant organisms, 
giving the resistant organisms a competitive 
advantage to multiply, resulting in clinical enteri-
tis. It is difficult to know how commonly this 
scenario occurs, but this may be one of the most 

important occupational or community health 
risks associated with the use of antibiotics in live-
stock and humans. Bartlett (84) reported in the 
New England Journal of Medicine that such inad-
vertent antibiotic‐induced gastrointestinal infec-
tions occur 5–20% of the time with beta‐lactam 
(e.g., penicillin) antibiotics and 2–5% of the time 
with other classes of antibiotics.

Public and Community Health

As mentioned above, the observed increasing pres-
ence of resistant infections in humans by our 
 medical and public health communities is 
 theorized to be driven by increasing ecologic 
 pressure from the overuse and inappropriate use of 
antibiotics by the medical and veterinary profes-
sions, livestock producers, orchardists, and biofuel 
ethanol producers. Less than best practices from 
these sources include unnecessary and overuse, use 
of the wrong antibiotic or the wrong route of 
administration, insufficient dose, and insufficient 
time of use. The practice of long‐term sub‐thera-
peutic‐level feeding of antibiotics to livestock is 
thought to be an important enhancing practice for 
resistant bacteria, as susceptible bacteria are not 
killed, leaving them to develop resistance and then 
proliferate (85). The reservoirs for resistant organ-
isms and related genetic material are the gut and 
nasopharynx flora of humans and animals, health-
care facilities, drinking water, the air, and some of 
the animal food products we eat (47, 86–88).

12.4.4  How do Resistant Organisms 
Disseminate Among the 
Human Population?

Resistant organisms can come into the home 
through contaminated meat, milk, eggs, vegeta-
bles, and fruits (88). The FDA and the USDA, 
many livestock producers, veterinarians, and 
 animal food processors team up to guard against 
food contamination. However, a small risk 
remains that meat, eggs, and milk may be 
 contaminated with resistant organisms that are 
present at the time of purchase at the grocery 
store. Improper cooking, food storage, and 
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unsanitary maintenance of the food preparation 
area, utensils, and the preparer’s hands create 
exposure potential for household members. 
Contaminated water is another potential source 
of exposure to resistant organisms from livestock 
origin (89, 90). Runoff of manure from livestock 
operations into surface and ground waters (87, 
91) (suggesting a drinking water hazard) and in 
the exhaust air from swine confinement buildings 
(suggesting a risk of aerosol exposure) (92, 93) 
also creates an additional risk of exposure of 
resistant organisms to the community.

12.4.5  Treatment of Antibiotic‐
resistant Infections in 
Farm Patients

Resistant infections may present in one of several 
forms, including gastrointestinal infection, 
wound infections, and urinary bladder infec-
tions. Culture and sensitivity prior to initiating 
antibiotic therapy may be especially important 
when treating farm patients relative to the general 
population. Treatment should be guided by the 
results of susceptibility tests in addition to con-
sideration of an antibiotic class not generally used 
on the patient’s farm. Table 12.2 lists antibiotic 
classes used in both animals and humans and 
their applications (19). Furthermore, one should 
consider that treatment of a farm patient with a 
urinary bladder infection (especially a patient 
who has had a urethral catheter) may encounter a 
resistant organism from the person’s own intesti-
nal flora. Finally, the healthcare provider should 
be alert to the fact that treating a farm patient 
with a broad‐spectrum antibiotic for any infec-
tion may allow a resistant pathogen to overgrow 
in the gut flora and become clinically significant.

Health Effects Summary

As stated earlier, it is very difficult to quantify the 
presence of antibiotic‐resistant infections in 
humans as a result of antibiotic use in livestock or 
the human community. There are scattered case 
reports of livestock producers acquiring a resist-
ant infection directly from a farm animal or the 
environment. Additionally, there are reports of 

clinical infections arising from sub‐clinical infec-
tions subsequent to antibiotic treatment allowing 
the resistant pathogens to multiply, creating clini-
cal diseases. These cases may just be the tip of the 
iceberg as they are reported only when there is a 
special interest and/or resources to conduct the 
case‐finding protocols.

Defining the cause‐effect public health 
 relationship between the high rate of resistant 
infections in humans and antibiotic use in ani-
mals is a challenging. The most sophisticated and 
longest surveillance program on this subject is the 
Danish Integrated Antimicrobial Resistance 
Monitoring and Research Program (DANMAP) 
(94), which since 1995 has surveyed antibiotic 
use and antibiotic resistance in humans and ani-
mals. Sub‐therapeutic growth‐promoting antibi-
otics were banned in Denmark in 2000 (94). 
Since that time, total antibiotic use in animals in 
the country has fallen by 50%, while use in 
humans has remained steady. Monitoring over the 
period has revealed little change in pig health in 
the country (95), some decrease in resistance in 
certain zoonotic pathogens in livestock (96), and 
some degree of parallel patterns of resistance of 
some zoonotic bacteria in livestock and meat 
products with patterns of human foodborne 
enteritis (94, 96).

A more detailed summary of the DANMAP 
results were reported by the Animal Health 
Institute as follows (97):

1. The prevalence of bacterial resistance to some 
antibiotics has gone down, while resistance to 
other antibiotics has gone up.

2. The amount of antibiotics prescribed by phy-
sicians for humans has remained relatively 
level over the decade.

3. Resistant infections in the human population 
increased early in the study, but leveled off as 
of 2010. One possible explanation for this is 
that the population of resistant bacteria in the 
environment is already so high that a feed ban 
on subtherapeutics may not affect what 
already exists.

Continued monitoring and analysis of the 
DANMAP data into the future will help to define 
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the possible link and risk between sub‐ therapeutic 
and therapeutic use of antibiotics in animals and 
resistant infections in the human population. At 
this time it is clear that overall reduction in the 
use of antibiotics (humans and animals) is 
 warranted, but the link between animal and 
human resistant organisms remains only partially 
defined (39, 40).

12.4.6  Prevention of Occupational 
Health Risks from use of 
Veterinary Pharmaceuticals

 Prevention of Unintended Needle Sticks

The people responsible for the prevention of 
 needle sticks include the individual farm owner/
operator, the employer, and the prescribing 
 veterinarian. The responsibilities can be divided 
as follows:

•	 Independent owner/operator
 ° Proper animal restraint: this includes having 

adequate handling facilities and adequate 
help to manage large animals safely and 
humanely.

 ° Read the package label and or MSDS for 
manufacturers’ safety recommendations for 
each product used.

 ° Use the one‐handed injection technique 
as described by Rendell (http://www. 
farmerhealth.org.au/content/successful‐ 
training‐program‐preventing‐farmer‐injuries‐
whilst‐injecting‐livestock)

 ° Use one dose per syringe fill (mainly for 
acutely toxic substances like Micotil 300).

 ° Keep needle cover on until use.
 ° Use needles that are sharp, not barbed, and 

the appropriate length for the application 
(e.g., for subcutaneous injection a ¼–½ 
inch needle is adequate).

 ° Wear safety glasses to prevent spray in 
the  eyes should the hub of the needle 
separate.

 ° Consider use of retractable needle syringes.
 ° Consider use of needleless injection 

equipment.
 ° Do not carry a loaded syringe in a pocket or 

mouth.

 ° Develop and maintain a safe sharps disposal 
program.

•	 Employers
 ° Instigate and maintain safe and humane 

animal‐handling facilities, including employee 
training.

 ° Provide and maintain accessible information 
(including MSDSs, training, supervision, 
and acquisition of proper equipment and 
supplies to ensure that an effective program 
is in place for employees).

•	 Veterinarians

 ° Consider the use of regional antibiograms 
(bacterial resistance patterns in the location) 
to guide treatment decisions.

 ° Follow best practices developed by pro-
ducer groups and the FDA (provide some 
examples).

 ° Consider substitution of hazardous drugs 
with less potentially dangerous drugs, for 
example for Micotil, substitute possibili-
ties are:
 − Enrofloxacin (Baytril) class fluoro - 

quinolone
 − Tulathromycin (Draxxin) class macrolid
 − Florfenicol (Nuflor) class chloram- 

phenicol.
 ° Educate on prevention of all products dis-

pensed and get signature of understanding 
for hazardous products that are on veteri-
nary prescription.

 ° Educate and advocate to clients on proper 
restraint facilities.

 ° Provide a sharps disposal service.

 Prevention of Occupational Hazards of 
Antibiotic Exposures to Workers Sensitized 
to Certain Antibiotics

It would be appropriate for sensitized persons 
to wear an N‐95 filtering face‐piece dust mask, 
safety goggles, and protective gloves (e.g., nitrile 
gloves) when antibiotics are incorporated into the 
grinding and mixing of feed, and when handling 
and delivering feed that contains antibiotics. 
Extra 1% oil can be added to the feed reactions to 
reduce dust aerosols.
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 Prevention of Antibiotic‐resistant 
Wounds or Secondary Gastrointestinal 
Infections

Wounds with broken skin incurred around live-
stock operations should be treated as soon as pos-
sible by washing thoroughly with soap and water, 
applying an antibacterial agent such as 70% alco-
hol, peroxide, iodine, or topical antibiotic (e.g., 
bacitracin or polymyxin), and coverage with a 
sanitary bandage. Wounds that do not heal read-
ily, especially deep wounds, should be seen by a 
medical professional. The patient should advise 
the medical professional if the wound occurred 
around livestock and a resistant infection could 
be considered.

It would be wise to inform the treating physi-
cian of any livestock exposures prior to sympto-
matic antibiotic treatment for a suspected 
bacterial infection. As most people working 
around livestock carry antibiotic‐resistant bacte-
ria in their gut, or oropharynx, antibiotic treat-
ment may result in exacerbation of a resistant 
sub‐clinical gastrointestinal or respiratory tract 
infection.

 Prevention of Community Health Hazards 
of Antibiotic Exposures

Protecting the public from resistant infections 
includes a reduction in the reservoirs of resistant 
bacteria in the community. One possible reser-
voir discussed above (resistant organisms in ani-
mals) is in the fourth decade of debate. As 
previously mentioned, the EU has banned sub‐
therapeutic use of antibiotics in animals, but the 
United States has not. However, a step toward 
reduction in such use was initiated by the FDA. 
In December of 2013, the FDA issued a new 
 voluntary program to engage pharmaceutical 
companies to voluntarily change their approved 
labeled usage of “medically important” antibiot-
ics. Such antibiotics are now to be labeled for use 
in animals only for treatment, prevention, or 
 disease control, but not for growth promotion 
(98). Furthermore, all antibiotics of “medical 
importance” used in livestock production require 
a prescription from a licensed veterinarian. This 

policy assists in gaining greater professional over-
sight of the use of antibiotics in animals. These 
policies are intended to reduce the overall usage 
of antibiotics, while helping to ensure appropri-
ate usage for animal health. However, no assur-
ance can be given that this new policy will 
decrease the prevalence of antibiotic‐resistant 
infections in humans.

It should be stated that most developed 
countries have fairly effective food safety pro-
grams that minimize exposure to antibiotics, 
resistant bacteria, and other pharmaceuticals 
that potentially come with our food. The FDA 
enforces regulations that specific lengths of time 
when antibiotics must be withheld from ani-
mals to ensure that meat, milk, and eggs are free 
of residues when they reach the consumer. 
Furthermore, meat, milk, and eggs are  randomly 
tested at the processing plant, and contami-
nated products are diverted from human con-
sumption if antibiotic residues are found. Farms 
identified as the origin of contaminated animal 
food products are investigated. Products are 
withheld from that farm until there are assur-
ances that the product is antibiotic free. Fines 
may be levied for offending farms. The eco-
nomic repercussions for today’s food animal 
producers are great for antibiotic residue viola-
tions. This process may not remove 100% of the 
risk, but it does make the risk of public expo-
sure to antibiotics in animal food products 
remote.

12.5  Hormones used for Growth 
Promotion

12.5.1 Introduction
In the early 1950s A.H. Trenkle from Iowa State 
University discovered that animals fed diethylstil-
bestrol increased their rate of weight gain, feed 
 efficiency and grade of meat (improved taste and 
tenderness). Further research and development 
have resulted in a number of different hormones 
that are used today in livestock in the United States. 
Hormones uses in growth promotion include 
estrogens, progesterones, androgens/testosterones, 
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and growth hormones (63). Generally there is no 
known occupational or public health hazard associ-
ated with products used as growth promotors. 
Other hormones are used for animal treatment that 
may have human health concerns. The next section 
will review the specific hormones used, why they 
are used, and the occupational or community 
health issues that may be associated with their use.

12.5.2 Estrogenic Hormones
Estrogenic hormones are commonly given to 
feedlot steers (castrated male cattle) for two 
 reasons as they enter the feedlot for market 
 fattening: (1) estrogens increase their rate of gain 
and feed efficiency, similar and additive to the 
effect of antibiotics. and (2) estrogens enhance 
the flavor and tenderness of the meat product by 
increasing fat deposits between the muscle 
 bundles (marbling). These effects are obvious 
economic incentives in that it takes less time and 
less feed to grow a steer to market weight and the 
taste and texture of the product is improved. 
Meat is graded by the USDA as good, choice, or 
prime according to the physiologic maturing of 
the carcass (e.g., bone ossification, color of meat) 
and the degree of marbling (fat between the 
 muscle bundles). The grade of meat from steers 
given estrogenic hormones may be elevated from 
their genetic capacity to a higher grade level by 
virtue of the increased marbling, for example 
from choice to prime. This makes the meat more 
valuable and increases the prospect of profitabil-
ity for a beef producer.

The estrogen is administered via subcutaneous 
injection of a time‐released pellet on the outside 
of the ear of the steer as they enter the feedlot. 
There is little risk of accidental injection or der-
mal or aerosol exposure to the worker. The pellets 
are designed so that the hormone is completely 
metabolized when the steer is slaughtered for 
meat. Furthermore, the tissues around the site of 
injection are discarded from the food chain, 
therefore there is a very low risk that any of the 
hormones reach the food chain.

Diethylstilbestrol (DES) was the initial estro-
genic hormone used for growth promotion. DES 

was also used in human medicine to help main-
tain pregnancy in women who go into premature 
labor. However, an epidemiologic study con-
ducted in the early 1980s found an increase in 
uterine cancer in women born to mothers who 
had received DES treatment during pregnancy. 
As a precaution DES was banned for use in food‐
producing animals. However, several new 
 synthetic estrogens have been developed that have 
been cleared by the FDA for use in food‐ producing 
animals, therefore steers are still commonly 
injected with estrogenic hormones as they enter 
the feedlot. There have been no known occupa-
tional or consumer hazards with the use of these 
products in food‐producing animals, but there is 
a certain segment of the consumer population 
that is against the use of estrogenic or any other 
hormones in food animals. The EU and several 
other countries prohibit the use of such products 
and imposed trade barriers on the import of meat 
from animals fed growth‐promoting hormones. 
New trade agreements have been negotiated that 
allow exports of beef to the EU that have been 
certified by the USDA non‐hormone‐treated 
 cattle program.

Progesterone is used in feedlot heifers (young, 
non‐pregnant female cows) as they increase the 
rate of gain and feed efficiency. They may also be 
used as an estrous synchronization tool in brood 
cows. If a cattle producer wants to synchronize 
the birthing of his calves, he can put the cows on 
progesterone and when withdrawn they all can be 
impregnated within a short period of time. This 
will help the producer plan and manage the 
timely birthing of calves, which results in an even 
calf crop in terms of size and maturity. There are 
no known occupational hazards or consumer 
hazards.

12.5.3 Growth Hormone
Beginning in the 1990s the use of growth 
 hormones in livestock production began to 
appear. The most commonly used growth 
 hormone in agriculture today is bovine growth 
hormone (bovine somatotropin; BST) which is 
used in dairy cattle to increase milk production. 
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The hormone must be given by injection to each 
cow every 14 days during a portion of the lacta-
tion cycle. It is given to extend the peak of the 
milk production cycle and increase the total milk 
produced (average about 12% increase). BST also 
works to increase the butterfat content of the 
milk and feed consumption of the cow. There is 
no known occupational risk from an accidental 
inoculation to the administrator. In humans, 
BST that is ingested or injected is broken down 
with no measureable toxic effect. No evidence of 
the product is found in the milk nor is there any 
other known abnormality of the milk as a result 
of BST use. BST is authorized for use in 21 coun-
tries, but not in the EU or several other 
countries.

12.5.4 Anabolic Steroids
There are two growth‐promoting compounds 
used in beef cattle that have also been found in 
illicit human markets. Trenbelone is an anabolic 
steroid used to increase muscle growth and appe-
tite, and manage stress in male beef cattle during 
shipment (99, 100). It is administered like other 
growth‐promoting steroids as an injected pellet 
under the skin in the back of the ear. It has had 
major use in cattle to manage stress in shipping. 
It may also be used in debilitated animals to assist 
in recovery. However, this drug has found an 
illicit use in humans as a body‐building agent. It 
enhances muscle mass and helps to metabolize 
fat. Although it is a scheduled prescription drug 
in the United States, most EU countries, Canada, 
and Australia among others, it is available else-
where over the counter.

Hormonal products used for growth perfor-
mance in feed lot heifers contain both testoster-
one and estradiol (male and female hormones), 
for example Synovex (trade name). Similar to 
other growth‐promoting hormonal products, 
they are injected in timed‐release pellets under 
the skin on the back of the ear. These products 
are used to increase growth and feed efficiency 
in feedlot heifers. Similar to other anabolic 
 steroids, these products have found illicit human 
markets (76).

12.6 Other Growth Promotors

Ractropamine is a beta‐adrenergic agonist drug 
(adrenaline‐like) fed to some pigs, cattle, and 
 turkeys. Its effect in animals is to increase muscle 
size, rate of gain, and feed efficiency. As it is a feed 
additive, the main potential human exposure is 
dermal contact or inhalation developed from mix-
ing, handling, and delivering feed containing the 
product (101). Wearing protective gloves, a dust 
mask, and eye protection is recommended when 
handling the product or feed containing the prod-
uct. There is a potential but low probability of 
exposure from consumption of meat from animals 
fed ractropamine. Potential symptoms in humans 
who are exposed include increased cardiac heart 
rate and output, anxiety, increased respiratory rate, 
and headache. However, no adverse occupational 
or consumer health effects have been reported.

12.7  Hormones used in Veterinary 
Obstetrics

12.7.1 Introduction
Similar to human medicine, there are a variety of 
drugs that are used to assist obstetrical problems 
or other reproductive problems in veterinary 
medicine. These products are administered by 
injection and therefore unintentional inoculation 
is a concern. Pregnant women who are acciden-
tally inoculated are particularly at risk (25). The 
two principle hormones to be discussed are 
 oxytocin and prostaglandins.

12.7.2 Oxytocin
Oxytocin is a hormone naturally excreted from 
the posterior pituitary gland of mammals. Two of 
its primary actions are to cause uterine contrac-
tion, and milk “let down” from the mammary 
glands. The product may be used in most mam-
malian species, but is most commonly used in 
swine and cattle. The product is used if the ani-
mal is having a difficult time delivering, when 
enhanced uterine contractions may result in a 
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delivery. An injection of oxytocin will result in 
almost immediate let down of milk, and effect a 
calming and nurturing attitude to the mother.

12.7.3 Prostaglandins
Prostaglandins are commonly used in cattle and 
swine to terminate pregnancy early, to induce 
 parturition in the later stages of pregnancy, and to 
induce an animal to “cycle,” that is, to come into 
estrus. Prostaglandin products are now used much 
more frequently than progesterone to synchronize 
estrous and calving. A dose of this product will 
directly affect the ovary, causing the corpus 
luteum to lyse and induce estrus in an animal.

The occupational problem with either 
 oxytocin or prostaglandins is that they can cause 
abortion in pregnant women who may be acci-
dentally inoculated. Oxytocinis more likely to 
cause abortion in the later stages of pregnancy, 
while prostaglandins may cause abortion any time 
during pregnancy (107). An additional potential 
occupational health risk with handling prosta-
glandins is that they can cause bronchoconstric-
tion (asthma‐like episode), resulting in a potential 
medical emergency. Asthmatics are at increased 
risk of a medical emergency from this exposure.

In agriculture today many women work in the 
gestation area of swine, beef, or dairy farms. They 
are often responsible for administering various hor-
mones. Women working in these areas should be 
counseled as to the potential risk for accidental 
inoculation with oxytocin and prostaglandins. This 
author’s (KJD) opinion is that pregnant women 
should not be allowed to handle these products.

12.8  Other Human Health 
Considerations of Veterinary 
Pharmaceuticals

Special properties of veterinary pharmaceuticals 
and their administration that are risk factors for 
occupational injuries include the following:

1. As farm animals are generally much larger 
than humans, veterinary pharmaceuticals for 

them are typically much more concentrated 
that human preparations. This means that a 
small dose (injection, dermal, or inhalation) 
may have a much higher content of active 
ingredient and therefore is more likely to be a 
possible human health risk.

2. Needles for farm animal hypodermic injec-
tions are much larger than those used for 
humans and are usually multiple use, result-
ing in greater trauma and increased infection 
risk from unintended contaminated needle 
sticks.

3. Veterinary pharmaceuticals can reach illegal 
human markets, resulting in a public health 
concern. The following pharmaceuticals 
have public health considerations in illicit 
markets (102):

a. Testosterone and other anabolic steroids, 
including Trenbelone and Component E H 
or Synovex (a combination of testosterone 
and estradiol used as implants for growth 
promotion in feedlot heifers) have found 
illicit markets for use as performance‐
enhancing drugs in humans.

b. Clenbuterol is a beta‐2‐andrenergic ago-
nist (adrenalin‐like drug) used for asthma 
and chronic obstructive pulmonary disease 
in horses. It is used by body builders to 
enhance muscle bulk, increase fat metabo-
lism, and allow weight loss.

c. Ketamine hydrochloride is an analgesic/
anesthetic often used in veterinary medi-
cine for cats and other species. This drug 
has found its way to street recreational use 
under the names “angel dust,” “vitamin K,” 
“Kit Kat,” and “Cat Valium.”

12.9 Summary

Pharmaceuticals are available for use in livestock 
production for treatment, disease prevention, or 
growth promotion of livestock and poultry. 
Many of these products are available to the 
lay  producer without professional oversight. 
There are certain occupational risks for livestock 
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 producers who administer or handle these prod-
ucts, and there are certain community health 
risks to people who may be exposed to these 
products or resistant bacteria through the envi-
ronment or animal food products. These phar-
maceuticals can be divided into the following 
categories: (1) immunization products (biologi-
cals), (2) antibiotics, and (3) hormones.

The occupational risks of biologicals include 
needle sticks, which may induce trauma, cause an 
infection with the microbe in a live vaccine prepa-
ration, result in tissue inflammation and tissue 
necrosis from the adjuvant in the product, or intro-
duce infection from a contaminated dirty needle.

Occupational exposure to antibiotics may result 
(rarely) in adverse allergic reactions, acute toxicity 
(tilmicosin) or antibiotic‐resistant infections. 
Community health risks are related to potentially 
acquiring an antibiotic‐resistant infection.

The occupational risks of exposure to hormones 
used for growth promotion or milk production are 
minimal. However, for oxytocin and prostaglan-
dins used in animal obstetrical treatments, exposed 
pregnant women risk abortion. There is a very low 
risk for community health exposures to animal 
hormones through meat or dairy products because 
of current FDA regulations and on‐farm practices. 
However, certain anabolic hormones used as 
growth promoters or stress agonists in livestock 
have been found in illicit human channels and are 
used by athletes and body builders.

Health professionals and veterinarians can 
promote safety in the use of veterinary pharma-
ceuticals by gaining knowledge about the harm-
ful aspects of the pharmaceutical products their 
clients/patients use. Veterinarians must be 
responsible for ensuring that their clients are 
knowledgeable users of the products they pre-
scribe or dispense. Pharmaceutical companies 
must communicate the risks of the products they 
manufacture. The manufacturer provides an 
FDA or USDA (if a biological) approved package 
label which includes the approved usage and 
safety of the product. In addition, a high‐quality 
and readily available material safety data sheet 
should also be provided. The medical practitioner 
and the veterinary practitioner should be aware of 

the harmful aspects of these products. They 
should also be aware of what products are being 
used by his/her patients so that they might antici-
pate potential hazards and be able to make an 
informed differential diagnosis if they are 
 presented with a potential exposure situation. 
Both patients and healthcare providers should 
know that if there is an exposure situation (needle 
stick, etc.) the package label should be made 
available. Pregnant women should be advised of 
the hazards surrounding the use of oxytocin and 
prostaglandins. Strong recommendations should 
be made to women not to handle these products 
during pregnancy.

Prevention of needle sticks can be enhanced 
by having and maintaining good‐quality, func-
tional animal‐handling facilities. Without proper 
restraint, animals can move unpredictably, result-
ing in an unintended injection of the operator.

For large agricultural operations, it is the 
responsibility of the owner/operator to train 
workers. This includes information on the health 
risks of all drugs used on the farm, proper injec-
tion technique, and the care and cleaning of 
hypodermic needles.

Finally, healthcare practitioners, veterinarians, 
and producers should all be aware of the growing 
risk of antibiotic‐resistant infectious organisms. 
All involved should support the proper and con-
servative use of antibiotics. Prudent use of antibi-
otics in livestock production will help to reduce 
the negative environmental and direct human 
health risks of antibiotic use (103). Only through 
these methods can we help ensure there will be 
effective antibiotics for use in combating both 
human and animal diseases in the future.

Key Points

1. There is a vast and varied supply of phar-
maceuticals used in livestock production 
(many in common use in human medi-
cine) for the treatment of sick animals, the 
prevention of disease, and the enhance-
ment of growth.
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Chapter

13

13.1 Introduction

Zoonotic diseases are those infections common 
to animals and man (1). This definition differs 
slightly from the WHO definition: “those infec
tions which are naturally transmitted between 
nonhuman vertebrate animals and man” (2). The 
former definition will be applied in this chapter 
as it accommodates certain infections transmit
ted to both animals and man from soil or other 
inanimate sources such as histoplasmosis and 
tetanus, but not directly between animals and 
humans. Kruse and others have reviewed pat
terns of zoonoses transmission that have been 
recognized since ancient history (3). Zoonotic 
diseases have been associated with agricultural 
production as it arose in the Middle East over 
15,000 years ago. Cultivating crops and domesti
cation of animals brought humans into more 
direct contact with zoonotic agents as they existed 
in nature, feral animals, or the animals they 
domesticated.

The objective of this chapter is to assist the 
reader to anticipate, recognize, diagnose, treat, 

and prevent occupational and environmental 
zoonoses in their farms or rural patients/clients. 
Because at least 40 of the over 200 recognized 
zoonoses are occupational hazards for agricultural 
workers, it is beyond the scope of this text to 
cover them all in detail. To accomplish the 
 objective, rather than discussing details of specific 
 diseases, the following seven basic concepts will 
be discussed: (1) the relative agricultural occupa
tional health risk of zoonoses, (2) trends and 
 patterns of zoonoses, (3) emerging zoonoses, (4) 
ecologic aspects of zoonoses, (5) epidemiology of 
zoonoses, (6) classification of zoonoses, and (7) 
prevention. Details of the infections that are most 
important as agricultural occupational hazards in 
developed countries are given in Tables 13.1 and 
13.2. Table  13.1 summarizes zoonotic disease 
hazards relative to various species of livestock 
(1,  4‐7). Table  13.2 summarizes the important 
characteristics of those diseases (1, 4‐7). Table 13.3 
provides a summary of preventive procedures to 
reduce the risks of zoonotic infections in agricul
tural producers, their families, and workers. These 
tables follow the text at the end of this chapter.

Reviewer: James Wright and Christine Petersen
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13.2  Significance of Zoonotic 
Disease

Over 200 zoonoses are distinguished worldwide (8, 
9). Sixty per cent of the infectious diseases humans 
suffer are zoonotic (10) and 75% of new or emerg
ing human diseases are zoonoses (4, 5, 8, 10‐14). 
Approximately 80 zoonoses occur in industrialized 
countries, and at least 40 of these are health hazards 
for agricultural workers (15). Thirty‐one of these 
infections will be covered in this chapter in tabular 
form (see Tables 13.1 and 13.2 at the end of this 
chapter). They will be discussed relative to the pri
mary reservoirs, livestock, or environment that poses 
the greatest risk and the method of transmission.

Several zoonotic diseases are major economic 
burdens for the livestock industry (e.g., brucellosis 
and tuberculosis among 19 others on the US 
Department of Agriculture list for control or sur
veillance) (16). Seven (including brucellosis and 
tuberculosis) are zoonotic infections and therefore 
the USDA controls benefit occupational and public 
health. Similar eradication programs exist in most 
developed countries. The magnitude of the cost of 
eradication control programs is exemplified by US 
control of brucellosis, which cost $54 million annu
ally in the early days of the program. However, the 
program has resulted in reduced animal health costs 
from $400 million in 1952 to $1 million in 2012 
annually and a dramatic decrease in humans cases of 
the disease (16). Canada spent over $2.5 billion in 
2003‐2004 for surveillance and control of bovine 
spongioform encephalopathy (17). Similarly, large 
sums are expended in the United States by the com
bined efforts of the Federal Drug Administration, 
the Department of Agriculture, and the Public 
Health Service to prevent zoonotic infections from 
reaching the public through potentially contami
nated red meat, poultry, and dairy products. 
Additional costs of zoonoses include those associ
ated with the diagnosis, treatment, and prevention 
of these diseases in humans. Furthermore, zoonoses 
in meat supplies may cause foreign nations to stop 
imports, causing financial loss of export dollars.

Historically, the numbers of people affected by 
zoonoses are remarkable. Bubonic plague was esti
mated to have caused over 135 million deaths dur
ing three major pandemics, which commenced in 

years 542, 1346 and 1894. Typhus killed one million 
Europeans during World War I, and influenza killed 
an estimated 15 million people during the world
wide epidemic of 1918–1919 (18). Today, influenza 
and pneumonia together are the seventh leading 
cause of death in the United States. Growing  evidence 
indicates that animals, especially domestic pigs, migrat
ing water fowl, and chickens, are important reservoirs 
of influenza for humans (19). According to the US 
Center for Disease Control, the most recent outbreak 
of Ebola (a zoonotic disease) in West Africa resulted 
in the death of 11,315 people in 2014.

In addition to acute health problems, zoonoses 
may cause chronic health problems and are often 
associated with considerable psychological stress. 
Examples of these diseases include Lyme disease, Q 
fever, brucellosis, and histoplasmosis (1).

Although zoonoses are recognized as a signi ficant 
health problem, especially among risk groups such as 
farmers, accurate prevalence and incidence of  diseases 
is difficult to obtain for several reasons (15). First, 
there is no comprehensive zoonotic illness reporting 
system. Public health agencies in most developed 
countries require reporting of only a few zoonotic 
infections. For example, in the United States the US 
Center for Disease and Prevention requires only 24 
zoonoses to be reported (20,  21). Second, mildly 
infected persons may not seek medical care. Third, 
many clinical zoonotic infections seen by physicians 
remain undiagnosed and therefore unreported. 
Diagnosis is complicated because (1) clinical manifes
tations of many zoonoses are variable and non‐ specific, 
mimicking those of influenza, (2) there is a lack of 
physician awareness (21), and (3) diagnostic  support 
for these diseases is limited. For all of these reasons, 
only a small percentage of human zoonotic infections 
are diagnosed, treated, and reported. Even less data 
exist on the magnitude of disease transmission from 
humans to animals, since the focus for public 
health study of zoonoses is directly on human health.

13.3  Forces Affecting Trends and 
Patterns of Zoonoses

Many interrelated factors affect the existence, 
maintenance, and dispersion of infectious agents 
in human (or animal) populations. Regarding 
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zoonotic diseases, the following factors shape the 
incidence, prevalence, and epidemiologic patterns 
of zoonoses (22, 23).

1. Human and economic demographics. The global 
population is ever‐increasing and an escalating 
proportion of those people are of low socioeco
nomic status. These are vulnerable popula
tions, as most live in societies with inadequate 
public health infrastructure to prevent/manage 
infectious diseases. Co‐morbid factors increase 
the risk of zoonotic infection and poor out
come in developing countries or immigrant 
workers, and where there is low nutrition sta
tus and other chronic disease (e.g., tuberculosis 
and various parasitic diseases).

2. Increased populations of immunocompromised 
persons (organ transplant patients, cancer 
patients, HIV infected, the elderly) create 
additional populations vulnerable to 
infections.

3. Decreased “herd immunity”. A decreased pool 
of exposed people, especially those working 
on farms, who are mildly exposed over time, 
resulting in the development of protective 
immunity. People new to animal agriculture, 
for example immigrant workers, children, 
and farm visitors, may be more susceptible 
to such zoonotic infections as they have no 
or limited immunity to agents in the farm 
environment.

4. Altered use of the environment or extreme  climate 
events that disturb natural ecosystems may create 
an environment favorable to disease agents, 
reservoirs, and vectors (e.g., increase in 
Argentine hemorrhagic fever virus infections 
in Argentine farm workers as more land was 
given over from pasture to crops, creating an 
environment favorable for field worker con
tact with the body fluids of the reservoir field 
mouse). Increased floods have resulted in a 
greater risk for leptospirosis. Lyme disease in 
the northeast and Midwest of the United 
States may have increased because of loss of 
biodiversity allowing the deer mouse reservoir 
to increase (24, 25).

5. Increased international travel increases the risk 
of transmission of zoonoses and other infec

tions. For example, West Nile virus was 
probably introduced into North America 
by  mosquito vectors or reservoir birds in 
an   airplane from Africa or the Middle 
East (26).

6. Microbial adaptation may lead to increased 
risk. For example, zoonotic influenza viruses 
have the ability to rapidly mutate to new 
strains, which may have new virulence capac
ities and the host may have no immunity to 
the new strain. Several bacterial pathogens 
have  rapidly developed resistance to antibi
otics and multiplied in susceptible popula
tions (e.g., methicillin‐resistant Staphylococcus 
aureus).

7. Environmental changes such as global warming 
trends may increase the range and density of 
insect vectors, which may enhance the range 
of arbovirus encephalitis, Lyme disease, and 
other vector‐borne diseases.

8. Intensive livestock production may increase risk 
of zoonoses as they offer a population of host 
animals in close contact. Thousands of repli
cations of an infectious agent can occur rapidly 
in such an environment, resulting in a higher 
probability of new strains with potentially 
enhanced virulence for swine and other species, 
including humans.

9. Increased presence of reservoirs of zoonotic agents 
in wildlife either in the wild or farmed offers 
increased risk of zoonotic infectious in agricul
tural people. For example, wild elk and buffalo 
in the Yellow Stone National Park area of 
Wyoming in the United States and wild pigs 
in the southern United States are reservoirs for 
brucellosis. Escaped farmed deer and elk in the 
Midwest United States present  hazards of 
spreading bovine spongiform encephalitis. 
Wild badgers are reservoirs of tuberculosis in 
cattle in the UK.

All these factors increase risk among human 
populations. The interaction of these factors 
creates changes in the natural ecology of an 
infectious agent and thus changes in disease 
 patterns in animal and human populations. 
Considering an infectious microbe within its 
natural nidus helps to understand its existence 
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and thereby provides insight to control and 
 prevention as an occupational/public health 
hazard. Schwabe (27), in his classic textbook 
of veterinary public health, eloquently summa
rized the concept of the natural nidality of 
zoonotic infectious agents, describing how and 
why zoonotic outbreaks occur. Infection and 
sporadic disease are natural components of 
ecosystems. In natural undisturbed ecosystems 
(those in which all inhabitants have evolved 
balanced interrelationships with each other 
and their environment) infectious agents 
 typically maintain a steady low rate of infec
tion in the host population. Such an ecosystem 
is called the agent’s nidus. Disease outbreaks 
are the result of a change in the natural  balances 
of ecosystems. Natural ecosystems change 
slowly through time as a result of processes 
such as erosion, changes in climate, or geo
physical events. However, human intervention 
often speeds and escalates large‐scale ecosys
tem changes. As ecosystems and the interac
tions among organisms change, a frequent 
result is a change in the number and types of 
organisms present. For example, if  ecologic 
changes create a more favorable environment 
for an arthropod vector of a zoonotic disease or 
a vertebrate host for a zoonotic disease, then 
one might see an epidemic of that zoonotic 
disease in the community. Introduction of a 
new feral species into an ecosystem can result 
in an epidemic if this species is host to an 
infectious agent or if the new species is a 
 disease vector. For example, from medieval 
times to the turn of the last century, bubonic 
plague epidemics were initiated by human 
actions when the disease was carried on ships 
harboring rats infected with the bacterium 
Yersinia pestis. Rats exited the ships into port 
cities, initiating plague in a new location.

Similarly, introduction of new domestic spe
cies into a natural ecosystem can lead to disease 
outbreaks when these species transmit infec
tious agents from native vertebrates to humans. 
For example, agricultural practices involved 
with raising cattle in the Midwestern United 
States have led to the potential transmission of 

rabies from skunks to cattle through bites and 
then to people through exposure to saliva from 
infected cattle.

People who enter environments where 
zoonoses are present increase their risk of 
acquiring a zoonotic infection. Examples 
include cases of Lyme disease in hikers who are 
bitten by Ixodes species of ticks and Colorado 
tick fever in campers bitten by Dermacentor 
species ticks.

Alteration of the abiotic components of an 
ecosystem can result in changes in the population 
structure of the flora and fauna that could lead to 
disease outbreaks. For example, a sheep produc
tion operator in the Midwestern United States 
moved his lambing operation to a concentrated 
indoor facility. As some of the ewes carried the Q 
fever organism, Coxiella burnetii, the indoor 
environment was seeded with this infectious 
agent. New farm workers in this environment 
were exposed, resulting in a major outbreak of Q 
fever in the workers.

New disease agents can enter an ecosystem 
through agent mutation or a change in a host’s 
physiology resulting in selection of virulent 
strains. For example, it is fairly clear that new 
influenza strains are produced in domestic 
 animals and transmitted to humans before pro
tective immunity can be formed (10). If a host’s 
body is considered an ecosystem, a change in 
its  environment (e.g., in the host’s nutrition, 
climate, physiological state, etc.) can lead to an 
increase in the number of infectious agents and 
transmission to other hosts. For example, 
Salmonella is commonly carried in the gut of 
many animal species. Antibiotics and stress can 
change the gut flora, decreasing the microbial 
competition in the gut, thus increasing the 
numbers of Salmonella organisms shed, which 
increases the risk of transmission to other 
domestic animals or humans. The ecology of a 
zoonotic agent is shaped by the nine factors 
mentioned above, resulting in the transforma
tion of epidemiologic disease patterns caused 
by the specific agent. Ecological principles can 
be used in predictive mode for future disease 
patterns.
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13.4 Historical Trends in Zoonoses

The factors mentioned above have shaped and 
will continue to shape the future epidemiology 
of zoonoses. Some diseases have changed from 
widespread epidemic patterns to geographically 
localized and sporadic endemic cases, for exam
ple bubonic plague. Several bubonic plague 
 pandemics have occurred throughout history. 
The disease is now isolated to sporadic cases in 
certain local ecosystems in North America, Asia, 
Europe, and Africa.

In developed industrialized countries, infec
tious diseases decreased in importance relative to 
chronic diseases during the second half of the 
20th century. This is thought to be due to better 
nutrition, improved public health measures, bet
ter environmental sanitation, and effective anti
biotic therapy. However, beginning in the 1980s, 
there has been a resurgence of infectious diseases 
and 75% of these diseases are emerging or re‐
emerging zoonoses (28).

13.4.1  Emerging and Re‐emerging 
Zoonotic Diseases

Since 1990 in North America, Europe, and other 
countries we have seen the emergence of Lyme 
disease, hantavirus infections, West Nile enceph
alitis, spongiform encephalopathy, monkey pox, 
new strains of zoonotic avian or swine associated 
influenza, methicillin‐resistant Staphylococcus 
aureus, severe acute respiratory syndrome (SARS), 
and Middle East respiratory syndrome (MERS) 
(22, 23). We have seen the emergence of NIPAH 
virus in Malaysia and Bangladesh, and Hendra 
virus in Australia (22). Although increased rapid 
regional and global transportation of people and 
animals has increased the risk of disease transmis
sion, most zoonoses (with exceptions discussed 
later in this chapter) occur as sporadic cases 
among people in certain risk categories in 
defined geographical areas and not as widespread 
 epidemics. Zoonoses are therefore primarily 
occupational and environmental hazards (e.g., 
affect farmers and agricultural workers) and 
occur in those with specific risk factors and work 

that bring them into close association with the 
natural nidus of the disease.

13.5 Future Trends in Zoonoses

Future trends of zoonoses are likely to include the 
increased emergence of new or newly introduced 
infections stimulated by the high degree of mobil
ity of people and agricultural products, intensifi
cation of livestock production (23), and spillover 
of infections into livestock from wildlife reser
voirs (22, 29). However, there will probably be a 
continued decrease in human cases of some zoon
oses where control/eradication programs are 
established, such as for brucellosis and bovine 
tuberculosis. The frequency of zoonoses con
tracted from feral animals will likely increase as 
participation in outdoor recreational and occupa
tional activities continues to rise.

Future zoonotic epidemics will probably be 
rare (except for certain zoonoses that are transmis
sible among humans, e.g. influenza). Migratory 
waterfowl are vast reservoirs for potentially 
zoonotic influenza viruses. Should the close asso
ciation of swine and poultry production allow a 
recombination of an avian virus with a swine virus 
that is transmissible to and among people, an epi
demic of severe influenza could result (30). 
Natural or human‐induced disasters, climate 
change, or changes in agricultural practices may 
create a different scenario. Furthermore, inten
tional events (e.g., bioterrorism or agroterrorism) 
or unintended events (e.g., a foreign arthropod 
vector escaping from an airplane coming from an 
endemic country) could result in a new zoonotic 
disease outbreak.

Besides influenza, other zoonotic diseases are 
on the emerging watch list, including Nipah virus 
(Malaysia), hepatitis E from swine (worldwide), 
variant Creutzfeldt‐Jakob disease in the EU and 
Japan, and Hendra virus in Australia (30).

Zoonotic infectious agents have basic physio
logic attributes and ecologic parameters that 
differentiate them from species‐specific human 
infections. These factors result in characteristic 
epidemiologic patterns of zoonoses. Understanding 
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these patterns can help the health and safety profes
sional to anticipate, diagnose, and prevent zoonoses 
on farms and in rural clients and patients.

13.6  General Epidemiologic 
Considerations of Zoonoses

The following epidemiologic characteristics capsulize 
the patterns of zoonoses as a human health risk 
(20, 29).

1. Zoonotic infectious agents typically have a 
broad potential host range. For example, the 
bacterium Francisella tularensis, which causes 
tularemia, has been isolated from over 100 
mammalian species and numerous other ver
tebrates. However, many of these species are 
“accidental hosts” and are not significant in 
the perpetuation of the disease cycle.

2. Zoonoses often cause severe economic  burdens 
because of the loss of diseased animals, the 
cost of prevention and eradication programs, 
and the cost of treating infections in animals 
or humans.

3. The majority of zoonoses are anthropozoon
oses, being maintained primarily by a vertebrate 
host species other than humans.

4. Animals are often inapparent carriers of 
zoonotic pathogens. They may be infected 
sub‐clinically, but are infectious and pose a 
health hazard for humans and other livestock 
without presenting demonstrable disease.

5. Two primary patterns exist relative to the 
communicability of zoonotic agents between 
humans.
a. Humans are usually dead‐end hosts for 

zoonotic pathogens. They typically do 
not  transmit their infection to other 
 people or animals. Like most cases of 
 agricultural zoonoses, they appear as 
 sporadic cases associated with livestock 
or their environments.

b. Animal agents can enter the human popu
lation sporadically, but then adapt to 
become transmissible among humans, 
resulting in epidemics. Examples include 

zoonotic influenza A, HIV, Ebola, NIPAH 
virus, and SARS.

6. Human zoonotic infections typically result in 
morbidity but rarely in mortality. For exam
ple, leptospirosis, brucellosis, histoplasmosis, 
and Q fever can all cause moderate to severe 
illness, but if properly treated they rarely lead 
to death.

7. Many zoonoses have non‐specific, variable 
clinical signs and symptoms that mimick 
influenza.

8. Specific groups of people have an increased 
risk of acquiring infection. These risk groups 
include those with greater than average con
tact with animals (e.g., farmers, veterinarians, 
meat‐processing plant workers, rural residents, 
pet owners, or those engaging in outdoor 
activities).

9. Many zoonotic infections in humans are never 
diagnosed because they lack specific clinical 
signs and symptoms or because health and 
safety professionals lack awareness of these 
diseases or lack access to adequate diagnostic 
support. Thus, statistics for the rate of 
zoonotic diseases in the human population are 
largely much lower than the actual rate.

Three classification schemes aid in under
standing and recognizing zoonoses that present 
hazards to client/patient populations. Using 
these schemes can help to manage information 
on specific zoonotic diseases and focus on the 
most relevant information.

13.7  Classification of Zoonotic 
Infections

Zoonotic diseases can be classified in one of three 
ways: (1) according to the major reservoir of 
the infectious agent, (2) according to the mode 
of transmission of the infectious agent among 
natural host species, and (3) relative to work with 
different species of livestock and poultry. An 
understanding of these classification systems can 
increase comprehension of the natural history of 
these diseases and thus help the healthcare or 
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safety professional to assess risk, and therefore 
enhance diagnosis and prevention (27).

Major reservoir zoonotic groupings include 
zooanthroponoses, anthropozoonoses, and amphix
enoses. A zooanthroponosis is a zoonotic disease 
for which humans are the natural hosts of the 
infectious agent (27). Other vertebrate animals 
acquire infection through contact with humans, for 
example dairy farmers infected with Mycobacterium 
tuberculosis can transmit this infection to their 
cattle.

An anthropozoonosis, in contrast, is a disease 
for which a vertebrate animal species other than a 
human is the natural host. Humans are then 
infected through direct, indirect, or vector contact 
with diseased animals. Most zoonoses that pose a 
potentially significant human health hazard 
belong to this group. For example, leptospirosis is 
primarily a disease of domestic cattle, swine, and 
numerous wildlife species. If a person becomes 
infected with leptospirosis, it is almost certain 
that the organism was obtained from an animal 
rather than through contact with another human.

Amphixenosis refers to a disease for which 
humans and other vertebrate species serve equally 
well as natural hosts. Infections may be transmit
ted freely between the two types of hosts. It often 
is difficult to determine if human infections are 
acquired from animals or other humans. 
Examples of amphixenoses include infections due 
to certain strains of Staphylococcus, Streptococcus, 
Escherichia coli and Salmonella that are not host‐
specific. A specific example of concern since 
2004 is methicillin‐resistant Staphylococcus aureus 
(MRSA). Although human and animal species 
carry different MRSA strains, they are readily 
transmitted between human and animal hosts.

Zoonoses can be classified by the primary 
modes as direct zoonosis, cyclozoonosis, metazo
onosis, and saprozoonosis (27). Direct zoonoses 
requires only one vertebrate species host to main
tain the infectious agent. For example, the rabies 
virus is maintained (primary animal reservoirs 
vary by geographic region) in wild skunk, bat, 
raccoon, fox and coyote populations of North 
America and transmission is by direct contact 
(usually bite wound) from an infected animal 

with a susceptible animal. Cyclozoonosis refers to a 
zoonotic disease that requires two or more verte
brate hosts for maintenance of the infectious 
agent. The tapeworm Echinococcus granulosis, for 
example, is maintained in a cyclical transmission 
pattern involving sheep who ingest tapeworm 
eggs passed in the feces of dogs, which then encyst 
in sheep viscera. The life cycle is completed when 
dogs ingest the infected tissues of the sheep and 
adult tapeworms develop in the dogs’ intestines.

A metazoonosis is an agent that requires both a 
vertebrate and an invertebrate host for mainte
nance of the infectious agent, such as Saint Louis 
encephalitis. A mosquito may maintain the virus 
temporarily, but it must transmit the virus from 
an infected vertebrate to a susceptible vertebrate 
for amplification of the infectious agent.

A saprozoonosis refers to a disease caused by an 
infectious agent that is maintained in a fomite 
(e.g., soil, water, or another type of inanimate 
object). Histoplasmosis, for example, is contracted 
when animals inhale spores from soil with high 
concentrations of avian or bat feces, where the 
organism grows.

Hazards associated with different livestock 
species is the third classification type (15). This 
classification is subjective and less exacting than 
those previously mentioned. However, this 
 system is intended to assist the professional to 
anticipate zoonotic hazards in their practice 
region associated with different livestock species. 
Tables 13.1 and 13.2 should be used to create a 
list of relevant zoonotic hazards in a given prac
tice area to increase awareness of the hazards and 
develop preventive programs. There are at least 
40 zoonoses that are occupational hazards for 
people who work in agriculture and other occu
pations involving animal contact. Farmers, veteri
narians, packing plant workers, and hair and 
hide industrial workers are all at risk of acquiring 
diseases such as brucellosis, ornithosis, anthrax, 
and contagious ecthyma, among others. Table 31.1 
helps to sort the hazards according to farm type.

For example, dairy producers are at risk of 
zoonotic fungal ring worm, Q fever, and pseudoc
owpox, while swine producers are at risk of MRSA, 
Streptococcus suis, and Erysipelothrix rhusiopathiae 
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infections. Risk classification by livestock pro
duction type is not a hard and fast scheme, but it 
can be a significant help in obtaining a pertinent 
case history and a differential diagnoses for 
healthcare providers. A detail of this scheme is 
seen in Table 13.1.

13.8 Prevention

Prevention of zoonotic diseases in farmers, fami
lies, and workers has been described in several 
articles, including a compendium from the 
National Association of State Public Health 
Veterinarians (20, 31‐34). The following infor
mation and Table 13.3 (seen at the end of this 
chapter) summarize preventive procedures 
according to the scientific literature, along with 
the personal and practical experience of this 
author (KJD)

Prevention of zoonoses in agricultural opera
tions necessitates a “one health” approach that 
includes the attending veterinarian, area physi
cian, public health professional, extension agent, 
safety consultant, and producers. Prevention 
should include the following elements: (1) keep
ing livestock and poultry free of disease, (2) 
sound personal and environmental hygiene, (3) 
proper use of personal protective equipment, (4) 
keeping premises clean of potentially disease‐
carrying/disseminating insect vectors and ver
min (e.g., flies, mosquitos, rats and mice), (5) 
separation of pets (dogs and cats) from livestock 
(because certain diseases, e.g. salmonella and 
MRSA, may be transmitted to pigs), and (6) 
assured farmer, family, and worker wellness. 
There is not a single specific formula for different 
types of farms and regions. However, more details 
about the general principles of prevention are 
given in Table 13.3.

13.9 Summary

Because zoonotic diseases are difficult to recog
nize, clinicians must have knowledge of potential 
zoonotic pathogens in their respective regions. 

They should have knowledge of the basic ecology 
of these agents in order to ascertain a proper 
occupational history and subsequently an assess
ment of risk for patients/clients, leading finally 
to a diagnosis and appropriate treatment and 
prevention. Three possible consultants that are 
readily available in North America, as well as 
most developed countries, include local practic
ing veterinarians, veterinarians in public health 
sections of colleges of veterinary medicine or col
leges of public health, and public health veteri
narians at the city, county, or state health 
departments. Consultants at the national level 
include public health agencies such as the US 
National Center for Emerging and Zoonotic 
Infectious Diseases (4) (or analogous agencies in 
other countries) and the World Health 
Organization Zoonoses and the Human‐Animal‐
Ecosystems Interface (9).

Details of specific zoonotic diseases of agricul
tural occupational significance are given in 
Tables  13.1 and 13.2. The 31 diseases summa
rized in these tables represent those diseases with 
the greatest agricultural occupational significance 
to those working in agriculture in North America 
and other developed countries. Table 13.1 groups 
these 31 zoonoses into six categories according to 
the occupational risk associated with specific 
types of livestock production (i.e., swine, dairy 
cattle, beef cattle, sheep, poultry, and the general 
rural environment) (15). This classification is 
based on the experience and judgment of the 
author (KJD). This classification is not exact as 
several of these diseases could be contracted from 
several types of livestock, but it does provide a 
general guide for the professional by listing pri
mary zoonotic hazards in their own practice 
region that may help to inform preventive and 
diagnostic practices.

The overall organizing structure is meant to 
help the reader manage a large amount of infor
mation according to exposure. For example, if the 
reader is dealing with swine producers, there 
should be only five or six zoonotic disease risks 
that immediately come to mind, out of the some 
40 zoonotic diseases across agriculture that could 
be occupational diseases.
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In Table 13.2 each disease is outlined in terms 
of  the factors necessary to assess risk, establish 
 preventive procedures, and make correct diagnoses. 
The table includes information on the natural his
tory of the infectious agent, modes of transmission 

to humans, typical symptoms and signs, questions 
pertinent to determining a relevant patient history 
and laboratory confirmation, and prevention strat
egies. (see Tables 13.1, 13.2, 13.3 following key 
points).

Key Points

1. Zoonoses are diseases common to animals 
and humans (includes diseases that have a 
non‐animal common source, such as soil, 
and those where humans are the main res
ervoir and can transmit them to animals).

2. Zoonoses are vastly underreported, but 
they encompass about 64% of all infec
tious diseases and over 70% of emerging 
and re‐emerging diseases.

3. West Nile virus, swine influenza, avian 
influenza, MRSA, Streptococcus suis, Lyme 
disease, and Hanta virus are all diseases that 
have emerged or re‐emerged as agricultural/
rural hazards in the past two decades. 
Multiple interactive reasons account for 
each disease.

4. The reasons for these emergent diseases 
include increasing human populations, 
increased international travel, microbial 
adaptation, increased intensification of 
livestock production, more wildlife reser
voirs (24), and climate change.

5. An example of the above is the emergence 
of West Nile virus in a New York zoo avian 
population. It was probably unintention
ally transmitted from mosquitoes in the 
Middle East or Africa, transported in air
planes landing at a New York airport where 
the mosquito reservoir and vector escaped.

6. The general epidemiologic characteristics of 
zoonotic infections are (a) a broad potential 
host range, (b) they are anthropozoonoses, 
being maintained primarily by a vertebrate 
host species other than humans, (c) animals 
are often inapparent carriers of zoonotic 
pathogens, (d) humans are usually dead‐end 
hosts for zoonotic pathogens, (e) many 
zoonoses have non‐specific, variable clinical 

signs and symptoms, mimicking influenza, 
(f ) many zoonotic infections in humans are 
never diagnosed, and (g) risk groups for 
zoonoses include those with greater than 
average contact with animals (e.g., farmers, 
veterinarians, meat‐processing plant work
ers, and rural residents) immunocompro
mised individuals, children, and people new 
to the farm environment.

7. Three classification systems of zoonoses 
help health and safety professionals to 
manage the large amount of information 
on zoonotic diseases. Based on the main 
reservoir host, anthropozoonoses are dis
eases where animals are the primary host, 
transmitting the diseases to humans. 
Zooanthroponooses are diseases in which 
humans are the primary host, transmitting 
the disease to animals. Amphizenoses are 
infections where the primary host and 
reservoir may be either human or animal.

8. Direct zoonoses are transmitted by direct 
or  close indirect contact. Saprozoonoses 
are  transmitted through soil or another 
 common non‐animal source. Cyclozoonoses 
require at least two hosts to accommodate a 
developmental stage of the agent. Zoonotic 
disease hazards can be classified depending 
on the specific livestock farmed and the 
 practices involved, for example in swine 
 production, swine flu, MRSA (35‐44), 
Streptococcus suis, and erysipeloid are occu
pational hazards. There are different haz
ards for (a) dairy farms, (b) sheep or goat 
farms (45), (c) broiler chicken or turkey 
farms (46, 47), and (d) chicken egg‐laying 
operations.

9. The following Tables 13.1, 13.2, and 13.3 
provide details of specific agricultural 
zoonotic hazards and prevention.
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Chapter

14

14.1 Introduction

An important aim of this second edition of 
Agricultural Medicine is to provide greater coverage 
of international agricultural medicine. Although 
this book emphasizes the agricultural medicine 
issues found in North American a gricultural com
modity export countries (i.e., the United States, 
Canada, and Mexico), its information relates to 
 production agriculture in all Western‐style industri
alized countries. The chapter includes three sections 
written by agricultural medicine experts outside of 
North America, representing other major  agricultural 
commodity trading blocs. Although there are many 
similarities in agricultural health and safety hazards 
among these countries, variations do exist. 
Specifically, the authors make comparisons to the 
United States, Canada and the other more devel
oped agricultural economies in the following areas:

•	 types and processes of commodity production
•	 culture of farmers, families, and workers

•	 agricultural injury and illness statistics
•	 agricultural health and safety regulations
•	 resources for agricultural medicine (funding, 

organizations, research, services, etc.)
•	 unique illness and injury conditions.

The regions chosen for inclusion in this chap
ter represent those with Western‐style agricul
tural economic development. Agricultural 
medicine in developing countries is beyond the 
scope of this book, as the major health and safety 
issues in those countries are vastly different from 
those in more developed countries. Developing 
countries deserve a separate book entirely devoted 
to agricultural medicine in those countries.

The countries/regions chosen for inclusion in 
this chapter include:

•	 the Mercosur 4 countries of South America 
(Argentina, Brazil, Paraguay, and Uruguay)

•	 Australia and New Zealand
•	 countries in the EU.
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Section

A 

14.1A Introduction

This chapter provides a comparative picture of 
agricultural and related health and safety issues 
for farmers and rural workers in the primary 
agricultural countries of the Mercosur. The 
Mercosur is a South American economic trade 
block formed in 1991 with the principal coun
tries of Argentina, Brazil, Paraguay, and Uruguay. 
Venezuela was added in 2012. The bloc includes 
240 million persons, with a GDP of $3 trillion. 
The original four countries have a rapidly devel
oping agricultural economy that is supply‐side 
market driven similar to North America, the 
EU, and Australia/New Zealand. The new tech
nologies in agricultural production are facilitat
ing the transition from the former local/regional 
production model to an export model (Paraguay 
and Uruguay) and enlarging and affirming the 
export pattern of the others (Brazil and 
Argentina). The principal crop expansion is soy
bean. The extent of this transition has been so 
prominent it is referred to as  sojización, roughly 
translated as soyafication. This transformation 
brings these four countries into a similar cate
gory, the Mercosur 4 (M4), for discussion with 

the other developed agricultural economies 
(North America, Australia, and the EU).

Although many of the agricultural health and 
safety hazards discussed previously in this chap
ter are common to all the developed countries’ 
 production systems, some comparative aspects 
are discussed below, including differences in (1) 
types of commodities and production processes, 
(2) the culture of the workers, (3) agricultural 
injury and illness statistics, (4) health and safety 
regulations, (5) resources for agricultural medi
cine (organizations, research, services, etc.), and 
(6) special/unique illness or injury conditions. 
This chapter will provide a picture of Argentina 
primarily, comparing it, along with the other 
M4 countries, to North America, the EU, and 
Australia/New Zealand.

14.2A  Types of Production and 
Processes

The M4 countries have in common long‐standing 
traditions in rural production with a variety of 
products and processes, each with its own risks, 
dangers, and preventive methods. Argentina is a 

Agricultural Medicine in South America – 
The Mercosur 4: Argentina, Brazil, 
Paraguay, and Uruguay
Marcos Grigioni and Kelley J. Donham
Reviewer: Kelley J. Donham
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farming and ranching country where food produc
tion holds a strategic place within the current 
economy, with 31 agrifood chains (1,  2). These 
chains are primarily a Latin‐American agricultural 
and rural development concept from the 1980s. 
They are public‐private cooperative organizations 
that help to organize and facilitate the various aspects 
of food production (e.g., beef, poultry, wheat, dairy) 
from the farm to supplying it to the consumer.

Total agricultural production contributes 7% 
of value‐added (net) GDP of the M4. Data from 
the World Bank and the US Department of 
Agriculture indicates that Brazil, Paraguay, and 
Uruguay contribute 5.7%, 21%, and 10% net, 
respectively, to GDP, compared to under 4.7% 
for the United States (2013) and approximately 
2% for Australia and the EU. Agriculture in 
Argentina accounts for 48% of total exports. 
Besides livestock, the principal crops are cotton, 
rice, sunflower, corn (6,  133,  378 hectares (ha) 
planted 2012–2013), soybeans (20, 035, 572 ha 
planted 2012–2013), sorghum, and wheat 
(3,648,070 ha planted 2013–2014) (3, 4).

In Uruguay, 2012/13 crop agriculture covers 
an  area of 1,500,000 ha (total agricultural area 
16.4  million ha), with soybean (1,050,000 ha), 
wheat (450,000 ha), corn, barley, sunflower, rice 
(181,000  ha), sugar cane (5) and 186,000 ha 
other. In Brazil in 2012/13, crop production was 
estimated at 188,658 million tons of grain, where 
the main crops were cotton, rice, feijao (a type of edible 
bean), millet, soybeans, sorghum, and wheat (6). 

In 2008, Paraguay had an area with temporal and 
permanent vegetable crops of 3,365,203 ha (total 
agricultural land 31,000,000 ha). Major crops 
included soybean, cotton, sugarcane, wheat, corn, 
snuff, rice, sesame, and bananas (7).

Table  14.1A provides comparative data that 
suggests the total land area under cereal  production 
in the M4 countries is about half that of the United 
States and the EU, but about twice that of Australia 
and Canada (8). The M4 produces significantly 
more beef than the United States or the EU, and 
Australia, but fewer pigs. Also, the M4 (not includ
ing Uruguay and Venezuela) reports some 13.89 
million farm workers, approximately 3.5 times the 
combined total farm workers reported for the 
United States, Australia, and the EU. Regarding 
the percentage of agricultural growth per capita, 
the M4 countries report gains between 19% and 
28%, compared to statistics reported for the com
parative developed agricultural economies. In gen
eral this suggests that the transition of the 
agricultural economies in the M4 countries is at an 
earlier stage relative to comparative economies, 
which are more mature, with a higher proportion 
of potential land under cultivation and fewer 
workers per unit of commodity production.

A major trend in agriculture in the region in 
recent years has been an increase in crop produc
tion (mainly soybeans) and a decline in cattle 
production. Large amount of previous pasture 
land has been taken out and planted into crops. 
Table 14.2A provides some comparative data of 

Table 14.1A Agricultural production: country comparison (8)

Country Land under cereal production, 
2012 (millions of ha)

Farm workers in 
millions, 2008

Net agricultural growth 
per capita, 2007 (%)

Argentina 10.37 1.43 1.19

Brazil 19.56 11.65 128

Paraguay 1.46 0.81 1.28

Uruguay 1.50 1.24

United 
States

60.27 2.67 1.00

Canada 14.15 0.34 1.00

EU 57.56 0.77

Australia 19.42 0.44 0.69
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livestock production among these countries 
(5–7, 9–18).

Fruit growing and horticulture are also impor
tant, especially in small family farms. Forestry is 
significant mainly in Uruguay with 1,812,000 ha 
of total forest area (5).

The M4 countries have great potential for the 
growth of agricultural production (mainly Brazil 
and Argentina). Their large area (more than 400 
million ha), diverse climate, flora, fauna, and 
geography (terrain, ponds, mountains, distances 
to towns, etc.) afford opportunities for continued 
agricultural growth and the accompanying health 
and safety challenges for worker health and safety. 
Along with transitioning of pasture land to crops, 
forests are cleared for cropland. These changes 
invoke environmental challenges by decreasing 
biological diversity, reducing the carbon seques
tration that was supplied by the native forest and 
flora, and reducing the water storage and recharge 
capacity previously offered by the native 
landscape.

The changes mentioned above, along with 
new hazards for the health and safety of agricul
tural workers in Argentina and the other M4 
countries have accompanied the process of “soji
zación”. Sojización (which primarily refers to the 
major transition to soy bean production) has been 
a consequence of globalization, with the expan
sion of agriculture in a capitalistic, market‐driven 
system similar to what has evolved over the past 
four decades in other developed agricultural 
economies. Until about 35 years ago, farming in 
the Pampas region (the main agricultural area of 
Argentina) was based on the production of wheat, 
corn, and sunflowers, along with ranching on 
natural grasslands. These farming practices 
required the farmer to be living close to the land. 
The advent of new technologies such as more 
productive seed varieties, fertilizers, chemicals to 
control pests and weeds, onset of tillage, new 
crops (soybeans), new markets (China), firm 
international prices, and convenient new uses of 
crops (biofuels) favored the expansion of soybean 
cultivation at the expense of other traditional and 
diverse crops and livestock production. Dairy and 
livestock (mainly cattle and sheep) were  displaced 

to marginal provinces outside the Pampas (Buenos 
Aires, Cordoba, Santa Fe). In the  agricultural core 
zone, only pockets of extensive livestock produc
tion remain, located in low‐lying flood‐prone 
areas. Furthermore, cattle feedlots have been 
introduced in the region, reducing the numbers 
of “grass‐finished” beef, increasing “grain‐fin
ished” beef and resulting in a net large decrease in 
cattle numbers.

The agricultural frontier was expanded thanks 
to the great capacity of the soybean plant to adapt 
to areas where agricultural production had not 
previously occurred. Hundreds of thousands of 
hectares in the Argentinian northern provinces 
were planted with soybean, displacing livestock 
and forestry, and producing large‐scale deforesta
tion (19). The same process has occurred in 
Brazil and Paraguay. In Uruguay the soybean area 
has expanded, but the main source of income for 
65% of farms is still animal production.

The Argentinian agricultural frontier was also 
extended to the provinces of the west (San Luis) 
and Patagonia (Río Negro), where corn crop pro
duction is in the process of being established. All 
these advances into new regions with different cli
matic, cultural, geographic, and population char
acteristics generate new challenges for agricultural 
health and safety, as farmers and rural workers 
accustomed and trained to perform a certain type 
of rural production (for example sheep produc
tion in Patagonia) are now working on expansive 
crop production, using powerful new machines 
and chemicals for which they have little or no 
training or experience, particularly regarding 
safety. Moving producers or contractors from the 
Pampas to new and remote areas leads to increased 
risks because these remote areas are far from health 
centers and lack infrastructure (e.g., poorly main
tained roads, limited telecommunication, and few 
first aid and fuel stations). The distance farmers 
must travel has generated a new risk of crashes 
between farm machinery and vehicular traffic on 
rural routes. This situation is also present in some 
areas of Brazil, Uruguay and Paraguay.

At the same time, agriculture has evolved, 
becoming more specialized and mechanized, 
increasing productivity (increasing crop production 



470 Agricultural Medicine

processes while decreasing required labor). The 
complexity of the administrative aspect of agricul
tural production (e.g., taxes, management, purchas
ing, and payments) has shifted the farmer from the 
countryside to the desktop to meet financial 
management demands. Hence, the producer 
works fewer hours in the field, devoting more time 
to management, and therefore has a physical and 
mental workload that differs from 30 years ago.

As mentioned previously, beef cattle feedlots 
have been introduced as this production  system 
uses less land, allowing more for soybean and 
other crop production, and providing a local 
source of grain for the feedlot cattle. In a country 
where vast tracts of land were once used for 
extensive cattle and sheep grazing, the current 
economic model of agricultural production com
pels the use of the feedlot, a more compact style 
of livestock production. In 2008, 3.6 million beef 
cows were fed in lots to market weight (20).

This development has led to different environ
mental working conditions for producers, work
ers, and rural families living in the region (21). 
The rapid and profound changes in the types of 
production, progress to new areas (agricultural 
frontier), changes in the relations of the labor and 
economic markets have had consequences for 
many farmers and workers, who now may suffer 
from stress, depressive symptoms, increased inju
ries, hypertension, stroke, insomnia, and gastritis, 
factors that decrease concentration, mental focus 
and physical strength, threatening their quality of 
life and safety. Ambrosi and Maggi found that 
distractions were the leading cause (50% of cases) 
of accidents suffered by a group of Brazilian farm 
workers (22).

New technologies and products (e.g., chemi
cals, fertilizers, and machinery) generate anxiety 
in the adopters of these technologies, which will 
likely persist until they are properly understood 
and competently managed. During this training 
period (for the management of machines and 
handling of substances), the possibility of an 
injury or illness is high. In Paraguay, 78% of 
farms use fertilizers, pesticides, and animal 
 pharmaceutical products (7). The sale and use of 
agrochemicals in Brazil is increasing steadily, with 

the amount used (insecticides, herbicides, 
 fungicides) nearly doubling in the period from 
2009 to 2013. The amount of fertilizer supplied 
to the consumer from 2004 to 2013 has increased 
by about 50% (31 million tons in 2013) (6), 
indicating increased occupational risks from 
these hazardous substances. 

Modern farm equipment, including GPS guid
ance systems, fertilizers, plant protection prod
ucts, and genetically modified crops, has been 
embraced by the vast majority of producers in 
these countries, as it has in developed countries.

14.3A Culture and Demographics

The rural population in Argentina has decreased 
from 3,587,039 in 2001 to 3,023,751 in 2012 
(16% decline) (23), confirming a profound 
change in residence from rural to urban. This 
trend is repeated in Uruguay, which has a rural 
population of 175, 613, of which 43% are women 
(24). Brazil has over 30 million people living in 
rural areas (23) and the estimated 2014 Paraguay 
rural population is 2,792,873 (52.8% men and 
47.2% women) (25). Although this rural to 
urban shift in population has been prominent in 
the past two decades, there remain  36 million 
people living and working in rural  areas, many 
associated with agriculture. This  population 
includes many that can be  classified as special risk 
populations (e.g. women,  children, elderly, and 
migrant and seasonal workers).

In Argentina and Uruguay the number of 
 productive agricultural farms and the number of 
producers has declined as farm size has increased. 
Argentina has 335,000 farms, Uruguay 44,781, 
Brazil 5,175,636 and Paraguay 289,649 (7, 26–28), 
making a total of 5.8 million farms in the M4. In 
comparison there are 2.2 million farms in the United 
States and 11.8 million in the EU.

Argentine´s agricultural population (2002 
census) was 1,233,589 (202,423 producers, 
589,947 family members, and 441,218 workers 
and others). Uruguay’s 2011 census revealed an 
agricultural population of 144,383 (temporary 
workers not included) (26, 27).
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In Argentina the number of hectares farmed 
on owned land has decreased (by 8.4 million ha), 
but farmed hectares not owned (leased, share
cropped, or contracted) has increased. The pro
cess of sojización has been the main driving force 
of this trend. The new production technologies 
have brought increased production with a reduced 
number of man hours per hectare. Also, the emer
gence of “sowing pools” (called network compa
nies in Uruguay) has influenced rural demographic 
changes. A sowing pool consists of temporary 
joint investors (banks, financial institutions, 
agri‐suppliers, producers, and professionals such 
as agronomists and veterinarians). They lease lands, 
utilize contract services, develop the business of 
sowing and reaping, and then share the profit. 
Large numbers of land owners lease their fields to 
these companies, choosing to live in towns or 
cities and abandoning their rural homes. Many 
other factors, as in other developed countries, 
have influenced this demographic shift (21).

The act of moving to towns or cities has gener
ated a change from the old concept of the field as 
workplace and residence. The generational trans
fer of inheritance left by parents to several 
 children has resulted in those inheriting land 
receiving small tracts of land insufficient to 
 support their own equipment and operations. 
Thus, many farmers have abandoned their farm 
productivity, renting fields or outsourcing the 
work and control, allowing them to pursue off‐
farm economic activity (29).

The trend of urbanization with fewer and 
larger farms continues throughout the other 
developed agricultural economies. Similar struc
tural changes have evolved more recently in the 
M4. This trend has challenged small farms to 
make a sustainable family income. Furthermore, 
as farm size has changed and technology has 
developed, it is extremely difficult for farms 
handed down through generations to remain via
ble because of the costs involved to achieve the 
required economy of scale.

The sowing pool concept for crop production 
in the United States, the EU, and Australia is 
uncommon, as the vast majority of farms remain 
operated by families. However, many of these 

family farms have increased their land base by 
renting or leasing land (e.g., 60% of the land 
farmed in Iowa is rented). However, this is differ
ent in meat, poultry, and egg production, primar
ily in the United States and to a lesser extent in 
the EU and Australia as there are many swine, 
cattle, and poultry production systems that have 
been built by investors with varied backgrounds.

14.4A  The Demography of those 
Engaged in Agricultural 
Production

Eight rural population groups can be discussed 
relative to agricultural safety and health:

1. Rural producers: Although the trend in the M4 
has been toward very large industrial‐type 
farms, there remains a heterogeneous group of 
producers in Argentina that can be classified 
into small, medium and large farm operators. 
The variables used for this typology include 
land tenure: up to 100 ha is a small farmer, 
100 to 500 ha medium, and over 500 ha large 
producer (29). Two other important consid
erations are relevant to rural producers in 
Argentina. First, a family farmer is defined as 
the person or group of persons, related or not, 
who live in the same household as a family 
system. For example, they share food expenses 
or other essentials for living and may contrib
ute to the workforce development activity in 
rural areas. In the case of indigenous popula
tions the core family farmer is equivalent to 
the concept of community. These cores are 
typically small producers. According to the 
Registration of Family Farming Cores report 
of 2014, there are 86,721 core family farmers. 
Their geographical distribution encompasses 
all regions of Argentina and the type of produc
tion (over 191 products) is diverse: livestock 
(cattle, sheep, goats, poultry, swine, horses, 
rabbits, etc.), crops (vegetables, cereals, fruit, 
vegetables, fodder, oilseeds, forest, nurseries, 
 aromatic plants), fishing, aquaculture, bee
keeping, handicrafts, hunting and gathering, 
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agro‐industrial production (sweets, preserves, 
cheeses, sausages, drinks, etc.), and rural tour
ism. (30). An additional consideration is the 
importance of small farmers in Argentina. 
They account for 71% of total Argentine 
farmers, occupy only 13.5% of the agricul
tural land, produce 19.2% of the total value 
generated in domestic rural production, are 
closely associated with family farming, and 
cultivate at least 191 products (cereals, fruits, 
flowers, herbs, and forestry) (31, 32).
In 2006, Brazilian family farms numbered 
4,367,902, representing 84.4% of the Brazilian 
rural establishments and 24.3% (80.25 million 
ha) of total land farmed. Rural establishments 
operated by firms or companies (non‐family 
farms) comprise 15.6% of total rural establish
ments, occupying 75.7% of the land area. The 
average area of core family farms was 18.37 ha 
and of non‐family farms 309.18 ha. The 
Agricultural Census showed 12.3 million people 
linked to family farming. Family farming was 
the main generator of jobs in rural Brazil. 
Eleven million workers (90%) had kinship 
with the producer, and 81% of these family 
workers lived on the farm (33). The work prac
tices were conveyed from parents to children, 
therefore unsafe practices may perpetuate over 
generations. Lack of safe and healthful work 
practices modeling and mentoring of parents 
and guardians of children is a concern in this 
type of production.

2. Families of producers: In Argentina, work 
teams are composed of workers (non‐family) 
or relatives who, in line with rural tradition, 
are incorporated to accomplish various tasks. 
This Argentine tradition was also a common 
practice in the past in the United States, but is 
less common today as machines have replaced 
most of the physical labor previously required 
for tasks such as hay or grain harvest.

3. Unregistered workers: These are workers with
out social and legal benefits because they are 
not registered with the labor department (an 
employer obligation). They are usually 
Argentine residents, and have low‐quality 
jobs characterized by arbitrary remuneration, 
excessive working hours, lack of health and 

safety practices, and lack of access to state 
pension systems. Fifty‐one per cent of workers 
were not registered based on inspections from 
2005 to 2014 (34). However, the number of 
unregistered workers has been declining due 
to the work of worker representatives, employ
ers, and the state.

4. Temporary workers or “swallows”: Argentine 
“swallow workers” (called migrant and seasonal 
workers in North America) are those who leave 
their homes and move according to the work 
seasons of crop production. This  category of 
worker is characterized by low‐quality labor 
tasks and precarious labor  conditions. Today, 
350,000 people work in manual harvesting of 
crops, traveling with the rhythm of agricultural 
seasons in different regions of the country. 
Although there are numerous regulations to 
protect these  workers, they share similar issues 
with the migrant and seasonal workers of the 
United States and other developed countries, 
including job  insecurity, low wages (often 
based on production goals), poor housing, 
nomadic work, multiple and changing employ
ers, underemployment in off‐work periods, 
lack of social benefits, and lack of work con
tract security (35).

5. Registered workers (in the system of  government 
administration and the official institutions, 
labor department, social security, etc.): Hired 
workers who have an official and regulated 
relationship between worker and employer 
and receive social benefits, including worker 
compensation, health risk insurance and other 
benefits. The employers and/or the workers 
are required to declare injuries and occupa
tional diseases to receive medical attention 
and other benefits. This information is the 
source of the only official occupational health 
and injury statistics.

6. Independent rural workers: Since these workers 
are not required to report their illnesses or 
accidents to authorities, no health or injury 
statistics are available for them.

7. Agricultural professionals (agronomist engineers, 
animal scientists, veterinarians, etc.): These pro
fessionals are usually self‐employed, so they are 
not required to disclose accidents or illnesses.
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8. Rural contractors: These are rural participants 
who provide agricultural services. Rural con
tractors are engines of the economy, for exam
ple in Argentina they accomplish over 90% of 
the harvest of grain grown in the country 
and  70% of the planting and application of 
 agrochemicals. They are also responsible for 
processing 90% of stored forages and 100% of 
the preparation of irrigation systems for crops 
and forestation. Rural contractors are strategic 
players in agricultural development. There are 
between 16,000 and 18,000 contractors across 
Argentina, with an annual increase of 2%. 
These contractors are often also farmers who 
have their own land and/or hire others. Their 
teams may comprise both relatives and unre
lated employees (36).

Comparing Uruguay to Argentina and Brazil, 
9% of the work force in Uruguay (107,563 
males  and 30,312 females) is employed in the 
 agricultural sector. Fifty‐seven per cent work 
with livestock (bovine), 9% in forestry, 32% in 
agriculture, and 2% in fishing. Fifty‐five per 
cent of these workers are salaried employees, 
while the rest are  independent family farmers, 
unpaid family workers, or self‐employed work
ers. While women work mainly in poultry and 
nurseries, about 25% of livestock workers are 
women. In Uruguay there is a relative aging of 
farmers and farm workers. Livestock farming 
had 70% of workers and  farmers aged 60 and 
above, while crop production (grains) and for
estry, had 8% and 5%, respectively (37).

Regarding education in Uruguay, 77% of 
those working in rural activities had not com
pleted high school. In addition, 31% had no 
social security coverage (mostly family farmers 
and unpaid family workers). Half of these had no 
coverage in 2012 (over 22,000 people) (24). In 
Paraguay 766,307 people (36% females) worked 
in agriculture (2013) (38).

In Brazil (2006), 16,568,205 people worked in 
agriculture (30% women). The number of women 
working in agriculture was relatively equally 
divided between work with animals and seasonal 
crop work (28).

The related farming groups in the M4 appear 
similar to what is present in North America, and 
perhaps to a lesser extent in the EU and Australia. 
However, it may not be so common to have coop
erative farming groups in North America and the 
other industrialized economies. Also, contract 
harvesting may not be as common in the other 
countries (perhaps with the exception of wheat 
harvest in western North America)  compared to 
the contracted harvest in the M4.

14.5A  Agricultural Injury and Illness 
Statistics: the Current Status of 
the Health and Safety of 
Agricultural Populations

14.5.1A  Injuries and Illnesses in 
Farming Populations: Argentina

In Argentina, a major obstacle to understanding 
health and safety is the absence of official statis
tics for all participants of farming. The only 
 official statistics are those relating to  registered 
rural workers and tabulated by the Ministry of 
Labor. Table 14.3A shows the  available statistics 
for agricultural injuries in Argentina in 2013 
(39, 40). The data include work injuries, injuries 
from crashes during transport to and from work, 
occupational  diseases, and aggravations of prior 
injuries or diseases.

Compared to other Argentine industries, 
agricultural occupational injury and disease 
rates were second highest in 2012–2013. 
Agricultural worker injury or disease average 
length disability time was highest at 41.6 days. 
Occupational fatalities in 2013 included two 

Table 14.3A Agricultural occupational injury statistics for Argentina, 2013 (39,40)

Number of 
covered workers

Total cases 
reported

Incidence rate 
(per thousand)

Injuries resulting in days 
off work or disability (%)

Fatalities per 
100,000 cases

Fatalities per 100,000 
covered workers

355,249 36,332 95.9 94 211.9 21.7
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women and 73 men. Of these, 49 died from 
occupational injuries or diseases and the others 
because of road vehicle and farm equipment 
crashes during transport to and from the field. 
The incidence rate of occupational fatalities 
decreased by 14.3% between 2012 and 2013. 
Occupational diseases of agricultural workers 
make up about 2.7% of all reported cases in all 
branches of work activity (39, 40).

Although official statistics are only available 
from registered workers, newspaper reports can 
help supplement the picture of farming injuries. 
Table 14.4A shows a summary of a broad search 
of the news media for agriculture‐related farm 
fatalities.

Of farmers who died in 2013, 50% were 61 
years or older, whereas in 2014, 57% were 51 
years or older.

Table 14.4A Farm fatalities reported in newspapers and other media for Argentina, 2013–2014

Causes, agents of injury Fatal occupational injuries 
among farmers, 2013

Fatal occupational injuries among 
farmers, 2014

Entrapment by agricultural machinery 
(weeding, grain elevator, etc.)

3 2

Entrapment by tractor rollover 2 11

Crash: vehicle traffic accident with 
machinery

1

Tractor run‐over 1 3

Entanglement by power take‐off of  
tractor

2

Run‐over by seeder 1

Entrapment/run‐over by harvester 1 1

Insect bite 1 1

Fire/burns 4

Vehicle: road accident (mainly pick‐ups) 15 9

Cause unknown 1

Suicide 3 3

Electrocution: contact with electric current 3 5

Firearm accident 2

Crash resulting in grain engulfment and 
asphyxiation

1

Drowning 1

Assault weapons: murder 6 10

Trampling by animals and fall from horses, 
injuries from animals

2 4

Exposure to electric power lightning 1 1

Exposure to extreme temperatures:  
cold/heat

2

Airplane crash during crop dusting 1

Vehicle crash with barge: cattle 1

Pipeline gas explosion 2

Total cases 50 57
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14.6A  Support Professionals in 
Agriculture

As with producers, there are no official statistics 
for professionals working in support services in 
agriculture, and therefore it is not possible to 
provide a detailed picture of occupational health 
and safety indicators for this group. However, 
research has revealed that 75.5% of 94 veterinar
ians from the midwest of Santa Fe Province had 
 suffered an occupational injury in the year prior 
to the survey (41, 42). Molinar et al. (42) reported 
that veterinarians are at high risk of acquiring a 
zoonotic infection, especially brucellosis among 
recent graduates.

14.7A  Injuries and Illnesses in 
Farming Populations: Uruguay, 
Paraguay, and Brazil

The data available for Uruguay and Paraguay 
are more limited than for Argentina. However, 
the data that are available indicate many simi
larities to the other M4 countries. Table 14.5A 

summarizes some of the available data for 
Uruguay (43).

Access to updated statistics for occupational 
accidents in Paraguay is very difficult, as reported 
by various other authors (43, 44).

The data available for Brazil revealed a reduc
tion in occupational injuries in agriculture from 
26,852 in 2011 to 23,440 in 2013 (45). 
Table  14.6A lists the reported injuries in 2013 
according to type of production (45).

Further details of agricultural occupational 
injuries and sources in Brazil are displayed in 
Table 14.7A (46).

The available statistics suggest a profound 
need to develop systematic and continuing 
 education activities for agricultural occupational 
health and safety for all these agricultural partici
pants. Agricultural medicine may provide solu
tions for the rural sector in these countries.

Compared to other countries with developed 
agricultural systems, there are similarities in 
injury and illness statistics. In these developed 
countries, the rate of agricultural occupational 
injuries and fatalities is among the highest of all 
occupations, and when compared to the mean for 

Table 14.5A Number and percentage (relative to all industry sectors) of injuries and occupational 
diseases in Uruguay (43)

2008 2009 2010

Total occupational injuries and illnesses, all industry sectors 52,207 49,906 51,626
Industry sector: agriculture, livestock, fishing 7,741 14.8% 8,478 17.0% 8,502 16.5%

Table 14.6A Injuries at work by type of agricultural production in Brazil, 2013 (45)

Type of production Number 
of injuries

Crop production (annual crops: soybeans, wheat, cotton, sugar cane, etc.) 6,839

Livestock production 5,215

Perennial crops 4,729

Forestry production 2,827

Support activities for agriculture, livestock and services postharvest 1,862

Production of certified seed 1,171

Horticulture and floriculture 425

Fishing and aquaculture 372
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Table 14.7A Agricultural occupational injury statistics according to type of production (National 
Classification of Economic Activities (CNAE)) for Brazil, 2012 (46)

CNAE job 
classification

Incidence total 
(per 1000)

Incidence of occupational 
diseases (per 1000)

Incidence of 
injuries (per 1000)

Incidence of 
disability (per 1000)

Mortality rate 
(per 100,000)

0111 Cereal crop 9.17 0.06 6.07 9.03 10.96
0112 Cotton and 
other seasonal crops

22.12 0.09 18.60 21.84 18.05

0113 Sugar cane 27.24 0.10 22.16 23.62 6.82

0114 Snuff 
(tobacco)

23.33 0.46 3.66 23.33 –

0115 Soybean 19.37 0.17 14.28 19.02 21.73

0119 Other crop 
cultivation

18.00 0.15 12.02 17.66 29.43

0121 Horticulture 7.23 0.15 4.96 6.89 3.79

0122 Flowers and 
ornamental plants

8.74 0.06 4.87 8.37 6.24

0131 Oranges 30.82 0.08 25.17 28.54 6.16

0132 Grapes 25.09 0.10 17.30 24.52 51.63

0133 Other fruit 15.84 0.12 9.04 15.12 5.81

0134 Coffee 13.21 0.05 9.98 12.95 9.59

0135 Cacao 6.93 – 3.29 6.93 –

0139 Other plant 
cultivation

50.43 0.07 41.76 34.20 3.74

0141 Certified seed 82.85 0.69 70.42 78.60 100.38

0151 Livestock 
production: bovine

11.81 0.07 7.65 11.76 8.52

0152 Other large 
livestock animals

12.10 – 7.84 11.75 17.04

0153 Goats and 
sheep

7.61 – 4.76 7.61 47.58

0154 Pigs 16.89 0.05 11.20 16.34 –

0155 Poultry 18.23 0.42 11.92 16.98 12.27

0159 Other 
livestock

5.94 – 3.86 5.79 14.84

0161 Agriculture 
support services

4.44 0.03 3.06 4.10 5.68

0162 Livestock 
production support 
services

17.24 0.45 11.40 16.47 13.58

0210 Forest 
plantations

29.55 0.22 21.15 25.92 15.77

0220 Native forest 
production

12.79 – 8.98 11.52 25.42

0230 Forestry 
support services

22.15 0.14 16.01 15.01 12.19

(Continued )
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all occupations it is two to nine times higher than 
the average. Although occupational injury and 
illness data for farmers and farm workers are 
perhaps better studied in the developed industrial 
agricultural economies, there is an important and 
well‐defined need for more complete and accurate 
occupational injury statistics for farmers in the 
M4 countries. Generally the agricultural fatality 
rate is similar in Argentina (21.7 per 100,000) to 
the United States (20.2 per 100,000), but about 
30% higher compared to the EU and Australia. 
(A more detailed comparison of injury and illness 
statistics can be seen with data from the United 
States, EU, and Australia in  Chapter 11.)

14.8A  Resources and Organizations 
in the M4

14.8.1A  Agricultural Medicine in 
Argentina and Brazil

Agricultural medicine has been a slowly emerging 
discipline in Argentina. As an example of pro
gress, agricultural medicine has been chosen as 
the theme to be developed during the 16th 
Conference on Continuing Education for 
Sanitary Co‐responsible, organized by the College 
of Veterinary Medicine of the Province of Santa 
Fe. It was also chosen for the required course reg
istration for new vets graduates in October 2014.

Since 2013 a program called Health and Safety 
for the Agricultural Family has been held by the 
Cooperative Federated Farmers Argentinos (AFA 
SCL) (an organization with more than 36,000 
members).

Various official institutions are conducting 
outreach and training in Argentina, including 
the Ministry of Labor, the Animal Health Service 
(SENASA), and the National Institute of Agri
cultural Technology (INTA). An example of such 
training is the Health and Safety Course for 
Agricultural Enterprises. This course is offered 
annually at the Experimental Station of the 
National Institute of Agricultural Technology in 
San Pedro. Other courses are offered with varied 
frequencies and themes (e.g., safe handling of 
agrochemicals, operating machinery, zoonoses). 
Producer organizations and other related rural 
workers (unions, social work, etc.), as well as private 
agricultural machinery and supply companies, also 
organize training activities on health and safety.

A small group of professionals in Argentina 
and Brazil is dedicated entirely to agricultural 
safety in association with various institutions, 
universities, and the work injury insurance indus
try. The main professionals linking to agricultural 
occupational health and safety are engineers and 
technicians in occupational health and safety, 
agronomists, and veterinarians. The news media 
outlets in rural areas disseminate information, 
recommendations, and safe work methods to the 
agricultural sector.

There are very few formal training programs 
in agricultural health and safety. However, the 
Faculty of Agronomy at the University of Buenos 
Aires offers a postgraduate degree in hygiene and 
safety in agricultural labor (47). Other universi
ties occasionally host workshops and training ses
sions on various aspects of rural health and safety.

Research in the field of agricultural health and 
safety is limited in Argentina, Uruguay, and 

Table  14.7A (Continued)

CNAE job 
classification

Incidence total 
(per 1000)

Incidence of occupational 
diseases (per 1000)

Incidence of 
injuries (per 1000)

Incidence of 
disability (per 1000)

Mortality rate 
(per 100,000)

0311 Sea fishing 12.94 – 6.36 12.71 –

0312 River fishing 9.22 9.22 9.22 –

0321 Aquaculture: 
maritime

19.21 0.20 12.28 18.82 19.81

0322 Aquaculture: 
river

11.15 – 5.40 10.97 17.99
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Paraguay, but is more common in Brazil. The 
agriculture and research communities recognize 
the numerous hazards in agriculture and the need 
for research in the field (48, 49).

The structural, cultural, geographic, and 
 varied production processes in agriculture create 
a complex industry, imposing great challenges 
for researchers and trainers. Comprehensive 
 planning would best address important issues for 
research, education, training, and prevention. 
Such joint planning would ideally include uni
versities, government institutions, producer/rural 
worker organizations, agricultural companies, 
private institutions, and others related to agricul
tural production.

14.9A  Special/unique Illness or 
Injury Conditions

14.9.1A  Argentina Hemorrhagic Fever
Argentina hemorrhagic fever (AHF) is a zoonosis 
caused by the Junin virus (an arena virus), which 
is exclusively found in the Argentine Republic. Its 
reservoir is a small field mouse, Calomys musculi-
nus. The disease is endemic in the provinces of 
Santa Fe, Córdoba, La Pampa, and Buenos Aires. 
It is on the Ministry of Labor’s List of Occupational 
Diseases. The largest numbers of cases occur 
 during the months of autumn and winter (April–
August), with a peak in May coinciding with the 
harvest season. It is four times more common in 
men and nine times more common in the rural 
population compared to the general population. 
In 1958, the geographic endemic area of AHF 
was 16,000 km2, with a total of 270,000 inhabit
ants exposed. The endemic area currently covers 
an area of 150,000 km2 with a population of 
over 5,000,000. The incidence by area can be as 
low as 1/100,000 or as high as 355/100,000. 
This incidence is variable in time, being generally 
higher for a period of between 5 and 10 years in 
new endemic areas, subsequently subsiding to 
lower incidence rates. Children under 14 years 
make up about 10% of annual cases. Human 
infection occurs mainly through contact with 

sites contaminated with the urine, saliva, or blood 
of the rodent (crop fields during harvest). Like 
most zoonotic infections, person‐to‐person trans
mission is rare.

AHF is one of several hemorrhagic fever dis
eases having some clinical similarities to dengue 
or Hanta virus illness. The incubation period of 
AHF is between 6 and 14 days. Onset features a 
mixture of symptoms including fever, malaise, 
and headache. Symptoms that develop later 
include myalgia, back pain, arthralgia, dizziness, 
nausea, and vomiting. (The absence of cough and 
nasal congestion is useful to differentiate it from 
acute respiratory infections.) Further course of 
the infection is marked by exanthema (rash) on 
the face, neck, and upper trunk, and petechiae 
(small blotchy hemorrhages) on the thoracic skin 
under the arms and on the underside of the arms. 
The gums are inflamed and often bleed. The 
tongue has a hairy or furred appearance due to 
necrosis of the epithelial cell of the papillae, 
resulting in patients’ breath having typically hali
tosis. Characteristic lesions in the throat include 
an exanthema with petechial (rash) and small 
vesicles (blisters). Lymph nodes in the neck are 
usually enlarged. After a week, oliguria (lack of 
urine production) and dehydration may often be 
seen due to kidney dysfunction. Neurological 
symptoms may be seen, including irritability, 
drowsiness, and slow cognitive response time. In 
women there is an almost constant presence of 
menorrhagia (bloody uterine discharge). 
Complications include cardiovascular shock and 
secondary bacterial infections such as pneumo
nia. Following the acute stage, 70–80% of 
patients improve (50, 51).

Treatment includes administration of plasma 
from patients who have been cured. Administered 
within 8 days of the onset of symptoms, this 
treatment reduces mortality to less than 1%. Ten 
per cent of treated patients develop latent neuro
logical syndrome (NTS) between 4 and 6 weeks 
after the acute illness (51).

Prevention includes control (reservoir) of the 
field mouse Calomys musculinus. A vaccine against 
this zoonoses (Candid #1 vaccine) has been 
integrated within the National Immunization 
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Program (52). The vaccine has resulted in 95% 
protection from a single dose. The conditions 
that must be met for individuals wishing vaccina
tion include:

•	 reside or work in one of the four provinces 
where there have been cases in recent years

•	 over 15 years of age
•	 have not previously received vaccine Candid #1
•	 must not be pregnant or breastfeeding
•	 must not present with chronic disease or an 

acute illness
•	 must not be receiving systemic corticosteroids 

or other immunosuppressive drugs
•	 must not have received other vaccines and/

or gamma‐globulin within the previous 
month (51).

14.9.2A Urban–rural Conflict
In recent years and in many regions of the M4, 
technological advances have eased agricultural 
labor requirements. Coupled with high 
 international commodities prices, economic cir
cumstances have allowed rural farmers to have a 
more comfortable lifestyle. Also, the younger 
generation, having specialized and trained in 
new  agricultural techniques and philosophy, 
have achieved unprecedented agricultural devel
opment. This change has been upsetting for 
many non‐agricultural rural people and urban
ites. This portion of the population has little 
knowledge or appreciation of “modern” agricul
ture and the efforts farmers have made to pro
gress and advance in this complex and hazardous 
economic activity. Conflicts of ideology and tol
eration of sharing agricultural and non‐agricul
tural environments and lifestyle around 
expanding urban fringes have also created urban‐
farmer confrontation and stress. Crop fields have 
transitioned to crop fields adjacent to cities. 
Urban residents fear the possible health hazards 
of agrochemicals farmers use near populated 
areas. Similar stress and complaints have resulted 
from residents living near feed lots where odors, 
dust, and noise are emitted. Further conflict has 
resulted from the growth of cities pushing the 

development of new barrios (residential neigh
borhoods) into rural areas, encroaching on and 
limiting the neighboring agricultural land, 
resulting in economic loss for farmers. Producers 
are stressed by the presence of urban dwellers 
near their farms and the accompanying cultural 
clashes of lifestyle, delinquency, and criminality 
(theft of machinery, tools, supplies, etc.), slaugh
ter or stolen animals, burning of crops (e.g., 
wheat), torn silo bags, etc.

This clash of interests, recognized and heeded 
by relevant stakeholders, must be balanced in 
order to continue agricultural production in har
mony with society and the environment. To 
accomplish this, extensive discussions are occur
ring among environmental interests, state agen
cies, and representatives of producers.

In developed countries similar urban– agriculture 
conflicts are occurring. This is especially true in the 
intensive livestock‐producing areas of the Midwest 
United States.

14.9.3A  Health and Safety of Farm 
Youths

Although there are no official statistics in 
Argentina for children who are injured or die in 
rural areas, pediatricians have warned of this 
problem (53, 54). We have searched news media 
outlets for farm youth injuries and summarize the 
results in Table 14.8A. The risk pool is large, as 
the National Agricultural Census of 2002 
reported over 342,000 children less than 15 years 
of age living on Argentine farms (26). Fatalities in 
farm youths found in the media happened during 
recreational activities, when accompanying  parents 
at work, or during their daily activities (see 
Table 14.8A).

When children help their parents or others in 
rural tasks, legislation exists to help protect their 
welfare (Law 26727, scheme of agricultural work 
(55,  56)). The following points summarize this 
legislation.

1. Children older than 14 years and under 16 
years of age may be employed on farms that 
are operated by a parent or guardian, but not 
for more than 3 hours per day and 15 hours 
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per week, and only if the work is not painful, 
dangerous, and/or unhealthy.

2. Children under 16 years cannot work on non‐
family operations whether paid or not.

3. Scheduled work for adolescents should be 
undertaken only during the morning or even
ing, and must not exceed 6 days and 32 hours 
per week.

4. It is forbidden to employ those under 18 years 
in jobs that are painful, dangerous, or 
unhealthy.

5. Farm employers shall provide employees 
with proper living quarters and qualified 
childcare personnel for children during the 
work day.

In Brazil (2006), those under 14 years old 
working on farms numbered over one million, 
with 56% boys and 44% girls (all mainly on 
 family farms) (28).

14.9.4A  Farm Machinery and its 
Influence in Rural Accidents

Old machines create a high risk for injury as they 
lack the safety guarding and ergonomic features 
of new machines. In recent years, with a good 
agricultural economy, purchase of new equip
ment has been possible. As both Brazil and 
Argentina have substantial agricultural machin
ery manufacturers, a ready domestic supply of 
new machines has been available, which has had 
a positive impact on rural work. Modern 
machines have multiple protective technological 
advances and meet many recent safety laws (57). 
In Brazil, Standard NR‐12 (Safety at Work in 
Machinery and Equipment) provides technical 
references, basic principles, design, and safe
guards to ensure the physical health of workers. 
Annex IX to the regulation includes safety stand
ards for equipment such as silos and dryers. New 
machines also require less maintenance and thus 
less frequent contact with dangerous parts of the 
machine. These factors potentially reduce injuries 
from agricultural equipment (58).

In Argentina, although 33% of injuries in 
farming are related to machines and equipment 
(59), there are only voluntary and optional safety 
standards for agricultural machine manufactur
ers. (This is similar in the United States, but with 
industry standards that are applied to almost all 
new equipment by the manufacturer. The EU has 
regulated certification.) In a 2014 survey of 678 
producers in the provinces of Santa Fe, Buenos 
Aires, and Cordoba 72% of respondents said that 
they evaluate the safety features of a piece of 
equipment when they buy it. This author (MG) 
thinks it important to empower farmers to assert 
their right to choose machines with all necessary 
safety measures certified to accepted standards to 
help prevent injuries.

14.10A Summary

Beginning in the 2000s a large sector of produc
tion agriculture in South America began a trans
formation from local and regional economies to 

Table 14.8A Fatal injuries and illnesses in 
agricultural youth in Argentina: sources and 
agents of injury (information collected from 
news media reports)

Age (years)a 2013 2014

<3
3–5
6–8
9–10
11–13
14–16

13
6
4
3
6
1

9
9
5
5
7
8

Causes

Machinery injuries 6 9

Animals: related injuries 7 12

Suffocation in grain 3 1

Drowning 11 10

Carbon monoxide poisoning 1

Electrocutión 1 2

Rural road collisions 1 4

Zoonoses 1

Run‐over 3 3

Suicide 1

All‐terrain vehicle crashes 1

Total 33 44

a One case, the age was not known.
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a global supplier of agricultural products, mainly 
soybeans and other small grains. Livestock 
production has been partially replaced by grain 
production, but beef cattle has remained a pri
mary product, but trending toward feedlot com
pared pasture‐finished cattle. Four of the five 
countries (Argentina, Brazil, Paraguay, and 
Uruguay) of the South American trading bloc 
(the Mercosur 4 or M4) make up the primary 
countries that have embraced the new agricultural 
technologies, which have focused primarily on 
expansion of soybean production (sojización). 
Agricultural products in these countries contrib
ute nearly half of their export income and up to 
15% of their GDP.

Currently, there are 36 million people living 
and working on rural lands in these four coun
tries. However, with the recent production 
transformation an increased rate of urbaniza
tion has been ongoing. Fewer farmers, and 
larger and fewer farms with high‐level technol
ogies have replaced the requirements of human 
labor. The workforce consists of land owners 
working with family or non‐family workers 
and/or with contractors, who conduct much of 
the crop planting and harvesting. An important 
component of the rural workforce is hired farm 
workers, some of whom travel to different 
farms for seasonal work.

Regarding statistics on occupational injuries 
and illnesses, official data is limited to hired 
workers who are registered with the govern
ment for the purposes of social and work 
 benefits. However, most rural workers are not 
registered and data are not collected on the self‐
employed, leaving a large void in occupational 
injury and illness data. However, injury and 
 illness data can be supplemented with newspaper 
and other media coverage (although this infor
mation source is fraught with incomplete infor
mation and biased by coverage mainly of serious 
events). The available data suggest a similar 
picture of the agents of agricultural injuries to 
that for developed countries. Agricultural injury 
and fatality rates are among the highest compared 
to other occupations in these countries. Fatal 
tractor overturns, all‐terrain vehicle crashes, 

and machine entanglements are important 
agents of fatal injuries. However, road accidents 
between farm vehicles are much more promi
nent as well as assaults and murder with a 
deadly weapon.

Agricultural medicine is a new and growing 
interest in the M4 countries, with Argentina 
leading the way. The author (MG) has been a 
leader of a special program for health and safety 
for agricultural families since 2013. This is a 
 program for the 36,000 members of the 
Cooperative Federated Farmers of Argentina that 
seems to be the nidus of advancement of agricul
tural medicine in the M4 region.

Unique agricultural health risks in the region 
include Argentinian hemorrhagic fever, a zoonotic 
infectious disease involving a small rodent reser
voir (field mouse) that sheds the viral agent in its 
saliva and urine. Field workers and rural residents 
are the most exposed through contact with the 
infectious agent in the environment, especially 
during harvest and post‐harvest work in grain 
fields.

The M4 countries are also experiencing 
social stress and conflict between farmers and 
urban residents as a result of social, economic, 
and cultural clashes as urbanization infringes 
on the agricultural environment. Urbanites do 
not easily accept the transitioned agricultural 
economy, which is highly technology‐based 
and has a business model not dissimilar to 
that  of other industries. Similar to developed 
 countries, urban residents are concerned about 
 environmental pollution with agricultural 
chemicals. They are also concerned about odors 
and air contamination from livestock opera
tions. This conflict increases the mutual stress 
between agricultural producers and urban 
populations.

The M4 countries are now prominent play
ers in the international agricultural product 
market place. Agricultural medicine is an 
evolving field, led particularly by Argentina in 
the M4. One of the major requirements for 
advancement in this field is an improved sta
tistical base for agricultural injuries and 
illnesses.
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Key Points

1. The M4 have in common long‐standing tra
ditions in rural production (like the United 
States, the EU, and Australia), with a variety 
of products and processes each with its own 
risks, dangers, and preventive methods.

2. The M4 countries have great potential for 
the growth of agricultural production 
(mainly Brazil and Argentina) due to large 
areas of land that are still native forests or 
grasslands. This is a potential not available 
to countries such as those of the EU, which 
do not have new areas to plant. However, as 
production expansion is linked to potential 
increased local, regional, and global pollu
tion and climate change concerns, such 
expansion must observe and plan for pre
vention of these unintended consequences.

3. In Argentina and the other M4 countries, 
new agricultural technologies have resulted 
in the expansion of soybean production 
(sojización). This process has resulted in 
significant changes, with important impli
cations for the health and safety of agricul
tural workers and farmers.

4. The agricultural frontier has expanded and 
displaced livestock and forestry lands to 
crop production (mainly soybeans).

5. The demographic trend in the M4 is 
fewer farmers, with larger and fewer 
farms (a similar trend to that in the devel
oped agricultural economy countries). 
The use of new, better, and high‐technol
ogy farming methods has reduced the 
requirement for human labor.

6. The rapid and profound changes in agri
cultural production have consequences for 
farmers and workers, who may suffer from 
occupational physical and psychological 
(stress) conditions.

7. Although the rural population has decreased, 
there are more than 36,000,000 people 
working and/or living in agricultural regions 
in the M4 countries, with a high number of 

women, children, elderly and migrant or 
seasonal workers (risk populations).

8.  The participants in the M4 rural regions 
are diverse and include farmers, their fam
ily members, contractors, professionals, 
and permanent or seasonal workers, pro
viding a great complexity to management 
and control of health and safety. This 
complexity is similar to that of the United 
States and perhaps to a lesser extent the 
EU and Australia.

9.  Family farming continues to be an impor
tant part of agricultural production in M4 
countries, similar to some types of pro
duction (crops) of in the UK, Australia, 
and the United States.

10.  Unlike the EU, the United States, and 
Australia, the major obstacle to under
standing agricultural health and safety in 
the M4 countries is the absence of official 
statistics for all participants of farming. 
The existing official statistics are only for 
registered rural workers. Newspapers and 
other media are important sources that 
supplement the  picture of farm injuries 
and illnesses.

11.  In the M4 countries the rate of agricul
tural occupational injuries and fatalities is 
among the highest of all occupations. 
Their rates are consistently much higher 
than the average rate for all occupations 
in each individual country (similarly to 
developed countries). The available data 
suggest a similar picture for the specific 
agents of injury in developed countries.

12.  Agricultural medicine is a new but grow
ing interest in the M4 countries, with 
Argentina leading the way.

13.  Unique agricultural health risks in the 
region include Argentinian hemorrhagic 
fever, a zoonotic infectious disease.

14.  The M4 countries are also experiencing 
social stress and conflict between farmers 
and urban residents as a result of social, 
economic, and cultural clashes where 
urbanization has begun to infringe on the 
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Section

B

14.1B Introduction

Australia, including the island of Tasmania and 
other associated island components of a common 
land shelf, makes up the smallest of the seven 
continents on Earth. The Australian continent, 
along with New Zealand, is also known as 
Australasia. Its basic style of production agricul
ture, socioeconomic status, culture, ethnic make‐
up, and demography has many similarities to 
North America and Europe. However, there are 
differences, which this chapter will highlight in a 
comparative approach relative to North America.

Australia has a highly competitive and profit
able agricultural sector and is one of the world’s 
largest exporters of wheat, beef, dairy, and wool 
products. Approximately 60% of all Australian 
agricultural produce is exported, mainly to 
South‐East Asia, China, and Japan, contributing 
2.4% to the nation’s gross domestic product 
(GDP) (1).

Production agriculture in Australia has cli
matic and natural resource challenges, primarily 
because it is the driest inhabited continent on 
Earth. Relative to other continents, Australia has 
the least amount of water in its rivers and the 
most nutrient poor and unproductive soils (2). 
However, in 2012–2013 approximately 397 mil

lion ha of land (around 52% of Australia’s total 
area) was used in agricultural production (3).

Australia, with a population of 23.7 million 
(2015 estimate), is one of the least densely popu
lated countries globally, having fewer than three 
people per square kilometer. Eighty per cent of the 
population lives on the coastal areas, making it 
highly urbanized. This urbanization creates chal
lenges for farming communities as distance to 
essential services such as health and education is a 
substantial barrier to assistance and opportunities.

New Zealand lies 1600 km south‐east of 
Australia and also has a highly competitive and 
profitable agricultural sector, being one of the 
world’s largest exporters of dairy products, includ
ing milk, butter, and cheese being their top com
modity export for the year ending 2012 (4). 
Agriculture provides 5.1% of New Zealand’s 
GDP, and its top trading partners include 
Australia, China, and the United States. New 
Zealand has a land mass of 268,680 km2 divided 
into two main islands, with a population of 4.45 
million and a density of 15 people per square kilo
meter, five times higher than Australia (5). Because 
of its size no one lives further than 150 km from 
the sea, but most people live in cities. New Zealand 
is also unusual in that it only has only two native 
land mammals, both bats, unlike Australia, which 
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has numerous native mammals and also feral ani
mals such as wild pigs, camels, horses, and dogs, 
which add to the spread of  disease such as lepto
spirosis and Q fever. Both countries are islands 
and free of foot and mouth disease. They also have 
strict quarantine requirements to maintain their 
biosecurity status. However, both countries are 
vulnerable to climate change, with predictions of 
hotter and longer heat waves, more extreme 
weather events, and increased bushfires (6).

14.2B  Differences in Types of 
Agricultural Systems

Australian and New Zealand farmers are among 
the least subsidized in the world as a percentage 
of farm revenue relative to the governmental sup
port provided to farmers in the United States and 
the EU. This fact is supported by data from the 
Organization of Economic Cooperation and 
Development (OECD), which lists Australia and 
New Zealand farmers as the least subsidized in its 
34 member countries, which include emerging 
economies such as Brazil, Indonesia, and China. 
The only non‐OECD country with lower subsi
dies is the Ukraine (7). Both Australia and New 
Zealand rely heavily on export markets for their 
agricultural commodities as they both produce 
far more than is required for their domestic mar
kets. Given the lack of subsidization, the small 
domestic market, strong reliance on global mar
kets, and competing with more heavily subsidized 
nations (Norway, the United States and the EU) 
can create economic stress for farmers.

14.3B Working Characteristics

Similarly to the United States, the principal oper
ators of family farms in Australia are mostly male, 
with women making up 28%. Many of these 
women also work off‐farm to supplement farm 
income (similar to the United States). In Australia 
the median age of farmers is 55 years (58 in the 
United States), making them much older than 

other Australia workforces (40 years) but similar 
to other industrialized nations. This is also com
pounded by 23% of farmers being aged 65 years 
or older, compared with just 3% of other work
force populations (8).

The New Zealand agricultural workforce also 
differs from other sectors, with the average age of 
farmers, especially sheep and beef farmers, over 
50 years (9). This can cause issues with work 
health and safety. However, New Zealand dairy 
farmers and their employees (they rely heavily on 
migrant labor) comprise a younger cohort.

In both Australia and New Zealand efforts are 
being made to encourage young men and women 
into agricultural careers and farming.

Whilst the workforce demographic is similar 
in Australia, New Zealand, and the United States, 
there are workplace differences. In the United 
States there are many more intensive concen
trated animal‐feeding operations (CAFO) and 
housed agriculture industries such as pork, poul
try, horticulture, and dairy. There is also a lot of 
cheap labor, with pay rates starting at around $8 
per hour (10) compared to minimum rates in 
Australia of $16.80 per hour with a 25% loading 
(for benefits) for casual work (11). It also seems 
that in the United States there are fewer onerous 
regulations around the provision of benefits such 
as superannuation (retirement pay and social ser
vices) and health care. Also, in the United States 
some undocumented foreign workers may not 
even be receiving the minimum pay rates. 
However, Australia and New Zealand have both 
seen a recent increase in migrant labor with the 
use of the temporary work subclass 457 visas 
where employers sponsor overseas workers for up 
to 4 years in jobs that cannot be filled from the 
local labor market. These special work visa posi
tions require workers to receive training (12). A 
working holiday visa has also been introduction 
that allows for extension if travelers complete 3 
months’ work in a rural or regional area of 
Australia. In New Zealand the agricultural sector 
is also looking for skilled and unskilled workers, 
particularly in the dairy sector where they are 
short of 2000 workers (13).
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14.4B  Agricultural Injuries and 
Illnesses

Research undertaken by Fragar and Depczynski 
(14,  15) showed that farming men in Australia 
have higher rates of death from cardiovascular 
disease, suicide, and certain cancers when 
 compared to urban populations. (This differs 
from the United States and northern Europe, 
where farmers die less often from cardiovascular 
diseases and cancer compared to the general pop
ulation.) Other research shows that farm men 
and women face higher mental health burdens 
due to social isolation, socio‐economic con
straints, increased alcohol intake (16), and lack of 
exercise, and are an increasingly aged workforce 
(17, 18). Hearing loss is evident at higher rates 
and occurs at an earlier age due to noise exposures 
in the workplace. This hearing loss also contrib
utes to stress and poor mental health outcomes 
(19, 20).

Mental health issues and higher suicide rates 
have been evident in farming populations and 
numerous studies have found that rather than 
seek assistance rural people will conceal distress 
and may have limited capacity or social compe
tence to identify stressors and act on them 
(21, 22). A review of the literature showed that 
New Zealand farmers experienced high levels of 
stress due to uncontrollable factors in the work 
environment, such as government regulations, 
trade and globalization, climatic conditions, and 
labor shortages (23). Many of these factors are 
also common globally, particularly in the dairy 
industry, which New Zealand relies on heavily 
(24). Concern about high and increasing rates of 
rural suicide in New Zealand caused their Farm 
Safe commission to review and look at improving 
prevention, detection, and response to stress and 
mental illness.

It is not only mental health issues that delay 
farm men and women to seek assistance. A study 
by emergency medicine physician Tim Baker 
showed that when suffering with chest pain, the 
further farmers live from a health service the 
longer they will wait at home in pain, and that 

when they do act over 10% will attend an inade
quate or closed health service (25).

Many of the health disparities mentioned 
above for Australia and New Zealand are similar 
to those for US and northern European farmers. 
One exception is that male Australian farmers 
experience higher rates of cardiovascular disease, 
diabetic risk indicators, and higher alcohol con
sumption. Furthermore, compared to the general 
high suicide rates reported in Australian farmers, 
reports of excess suicide rates in the United States 
are inconsistent, with excesses associated with 
times of severe economic stress, animal loss, and 
severe climate aberrations.

14.5B  Occupational Health and 
Safety Legislation

Agriculture is not exempt from either federal or 
state health and safety laws in Australia. In 2011 
there was a move to harmonize all the state and 
territory laws for one Work Health and Safety 
(WHS) Act and one Work Health and Safety 
Regulations Act. All the states agreed to do this 
with the exception of Western Australia and 
Victoria. In New Zealand agriculture is covered 
by a single Act, the Health and Safety in 
Employment Act 1992 (26). This Act provides 
legislation to promote the health and safety 
management in places of work, with its focus on 
the prevention of harm arising out of work 
activities.

Similar to North America and the EU, both 
the Australian and New Zealand agriculture sec
tors have some of the highest levels of workplace 
injury, disease, and fatalities compared to all 
occupations. Currently both countries have a 
strategy to address these unacceptable rates. In 
New Zealand an extensive review was undertaken 
by Lovelock and Cryer (27) between 2000 and 
2009 to update knowledge on injury and disease, 
and develop a platform to move forward. Since 
then, the Department of Labor, Health and 
Safety has initiated the Agriculture Sector Action 
Plan, which has involved an impressive list of 
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agricultural stakeholders committed to reduce 
the number of injuries and fatalities (28). The 
strategic areas of focus include:

1. agricultural vehicles and machinery, where in 
2003–2008 73% of deaths involved a work
place vehicle (including all terrain vehicles 
(quad bikes))

2. the physical and mental health and wellbeing 
of agricultural workers

3. slips, trips, and falls
4. animal handling.

These basic areas of hazard are quite similar to 
those that are important in the United States, 
where more than half of all fatalities are associated 
with farm machinery, and non‐fatal injuries are 
divided nearly equally between machinery‐associ
ated injuries and animal‐ associated injuries.

In Australia, agriculture, forestry, and fishing is 
also one of the key areas of focus for Safe Work 
Australia (similar to the Occupational Safety and 
Health Administration in the United States), with 
the unenviable record of a high‐risk workforce with 
an unacceptable number of traumatic workplace 

deaths, including bystanders and  children (29). 
Figure 14.1 shows agriculture, forestry, and fishing 
with the highest proportion of working fatalities for 
2010–2011, and also a  decade of recording the sec
ond highest proportion of working fatalities. With 
a new workplace strategy commencing in 2012, 
agriculture is the main focus to try and reduce the 
number of fatalities (30). Similarly to New Zealand, 
75% of the 294 fatalities between 2007 and 2012 
involved vehicles. Australia had 16.81 fatalities per 
100,000 workers, which is seven times the national 
rate of 2.29 for all occupations combined.

The United States has consistently recorded 
about a 20% higher agricultural fatality rate than 
Australia and New Zealand, and the EU had 20.2 
fatalities per 100,000 in 2012. However, in 
 comparison to all occupational fatalities com
bined in the respective countries, the United 
States is  similar to Australia and New Zealand, 
with agricultural fatality rates six times higher 
compared to 3.2 per 100,000 for all occupations.

Both Australia and New Zealand have strict 
rules on roll‐over protection structures (ROPS) 
for tractors and both have significant financial 
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initiatives to get ROPS fitted on tractors, with a 
corresponding reduction in deaths seen as a result 
(31). The United States has not had strict rules on 
ROPS for agricultural tractors, except for opera
tions with more than 10 employees. Although most 
tractors manufactured in the United States after 
1984 have ROPS, an  estimated 40% of the farm 
tractors used the United States are not equipped 
with it. This fact alone is a likely explanation for the 
higher fatality rates in United States agriculture.

An area of intense health and safety interest is 
quad bikes (also known as all‐terrain vehicles, 
ATVs). These have recently replaced tractors as the 
biggest killers of people on farms in Australia by a 
ratio of almost 2:1 (32). A recent study  estimates 
that quad bike fatalities resulted in  significant costs 
to the Australia economy totaling some $288.1 
million in 2001–2010 (33). There have also been 
numerous representations from governments and 
unions for quad bikes to be fitted with crush pro
tection and improved stability, as the majority of 
fatalities are due to being crushed by the bike (34). 
There are also calls to ensure that motorcycle hel
mets are worn at all times. New Zealand is cur
rently going through a quad bike harm reduction 
project which involves a multi‐prong approach 
with education and information provided, enforce
ments visits from the Department of Labor, issu
ing of compliance notices, and phone surveys to 
detect behavior change on quad bike use (35).

Comparing to the United States, ATVs are 
used commonly on most farms. However, only 
5% of farm fatalities are associated with ATVs 
while 23% are associated with tractors. This may 
change, however, as more new tractors with 
ROPS replace old tractors on United States farms. 
However, as more stable and protective ATV 
designs are used, the Australian experience that 
quad bikes become the biggest cause of death 
may also be realized in the United States

14.6B Skin Cancer

Skin cancer is Australia’s most common cancer 
and includes basal cell, squamous cell, and mela
noma, with the incidence higher in rural and 

regional areas (36). It has also been known for 
some time that globally farmers are at increased 
risk of some cancers due to occupational  exposure 
of UV (37). According to International Agency 
for Research on Cancer data on melanoma, New 
Zealand has a higher age‐ standardized incidence 
rate than Australia at 35.8 vs. 34.9 per 100,000 
people (38). Although skin cancers (mainly basal 
cell and squamous cell) are the most prevalent 
cancers among farmers in the United States, mel
anoma incidence and mortality rates in both 
Australia and New Zealand are more than twice 
as high as those in United States, Canada, and the 
UK. Predictions are that with the impact of cli
mate change the incidence of skin cancers will 
continue to rise in Australia (39).

14.7B  Agricultural Health and Safety 
Resources

In the United States the National Institute for 
Occupational Safety and Health (NIOSH) has 
funded 10 centers of agricultural health and safety 
in nine states. The state of Iowa also funds 
Iowa’s Center for Agricultural Safety and Health. 
Australia’s farmers have benefited from the 
Australian Centre for Agricultural Health and 
Safety (http://www.aghealth.org.au), based in 
Moree, New South Wales, and the National Centre 
for Farmer Health (http:// www.farmerhealth.org.
au), based in Hamilton, Victoria, where the award‐
winning Sustainable Farm Families (SFF) program 
was initiated. The SFF engaged successfully with 
over 2500 farm men and women to address health, 
wellbeing. and safety issues on their farms (40). 
The future sustainability of both these centers are 
in jeopardy as of 2015, and they are fighting for 
ongoing funding and resourcing. Most states and 
territories in Australia have farm lobby groups and 
a federal voice with the National Farmers 
Federation (http://www.nff.org.au) in Australia 
and the New Zealand Farmers Federation (http://
www.fedfarm.org.nz) in New Zealand. There are 
also numerous industry bodies where levies from 
produce sold are distributed, for example Dairy 
New Zealand is funded through a levy on milk 
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solids (http://www.dairynz.co.nz/about‐us/how‐we‐ 
operate/), with further funds from government 
and co‐investors. Similar bodies and levies exist in 
Australia for wool, meat, grain, dairy, etc. These 
industry bodies have mostly defined themselves on 
the development of new products and finding new 
markets. It is only in recent times that some have 
become interested in the health of their human 
resource, their farmers.

14.8B Conclusion

There is still much work and research to be done 
to address the unique health challenges that farm 
men and women experience. Some areas of new 
and additional research include possibly under‐
recognised and under‐diagnosed respiratory 
 disorders, zoonotic diseases, agrichemicals, and 
neurological diseases in farming populations. 
Improved engagement and farmer‐specific 
 programs are needed to address common and 
preventable lifestyle diseases, such as cardiovascu
lar disease and diabetes, and the insidious but 
debilitating preventable issues such as poor men
tal health, hearing loss, and chronic musculoskel
etal injuries. As declared in the Hamilton Charter 
for Farmers Health by the conference delegates 
(41), it is up to all of us to ensure that “poor 
farmer health is not normalised as a by‐product 
of agricultural production.”

Key Points

1. Both Australia and New Zealand rely heav
ily on export markets for their agricultural 
commodities and are very vulnerable to 
global fluctuations.

2. Australia and New Zealand have the lowest 
agricultural subsidisation rates of the 
OECD countries.

3. Agricultural worker (employee) entitle
ments and conditions (including social 
security and retirement, minimum pay, etc.) 
are higher in Australia and New Zealand in 
comparison to the United States.

4. Quad bikes are the biggest cause of on‐
farm death in Australia and New Zealand.

5. Both Australia and New Zealand have skin 
cancer and melanoma mortality rates that 
are twice as high as those for the United 
States, Canada, and the UK.

6. Climate change predictions include longer 
and hotter heatwaves, more extreme 
weather events, and increased bushfires.

7. Agriculture forestry and fishing had the 
highest proportion of workplace deaths in 
2010–2011 in Australia.

8. Poor farmer health should not be normal
ized as a by‐product of agricultural produc
tion (41).

9. In comparison to North America, the fol
lowing points are noted:

a. Production agriculture in Australia has 
greater challenges because of climatic 
limitations (drought prone), greater 
recent climate change concerns, less fer
tile land, less government subsidies, and 
higher labor input costs. Although New 
Zealand has more precipitation and fer
tile land, the other challenges as listed 
for Australia are similar.

b. Wellness indicators for Australian farmers 
are relatively poor compared to the United 
States (more cardiovascular disease, can
cer, and unhealthy alcohol consumption).

c. The occupational fatality rates for farmers 
is about 20% lower in Australia and New 
Zealand compared to the United States.

d. The most common cause of occupa
tional fatalities in Australia and New 
Zealand is ATV crashes, while in the 
United States tractor‐related injuries are 
the most common cause of fatalities.

e. The types and causes of most chronic 
and non‐fatal illnesses and injuries are 
similar in Australia, New Zealand, and 
the United States.

f. Sustainable funding and resources for 
agricultural health and safety are chal
lenges for Australia, New Zealand, and 
the United States.
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Section

C

14.1C Introduction

Agriculture, including forestry, plays an impor
tant part in the economic, cultural, and political 
life of Europe. It is very diverse, with a variety of 
crops and livestock produced as a consequence of 
cultural and geographical differences. As in other 
parts of the world, farming in Europe has exces
sive associated occupational injuries, fatalities, 
and acquired disease hazards.

The European continent covers 44 countries 
bordered by the Arctic Ocean to the north, the 
Atlantic Ocean to the west, the Mediterranean 
Sea to the south, and the Black Sea and  connected 
waterways to the south‐east. Europe is the second 
smallest in land area of the seven continents. 
However, it is the third largest in total popula
tion, and the second most densely populated. 
Furthermore, Europe has the second highest 
 economic productivity per person (1).

14.2C  Diversification of Agricultural 
Production in Europe

The agricultural industry of Europe was formed 
by the topography and the cultural and politi
cal history of its various regions. North of the 

Alps the agricultural landscape is open and the 
settlements are mostly gathered in villages. In 
large parts of England, Denmark, southern 
Norway, and Sweden, settlings are scattered as a 
result of radical land parceling according to 
land tenure policies during the 1700s and 
1800s. Farms and small plots of land are often 
separated by hedges or embankments in the 
more peripheral parts of Brittany, Ireland, west
ern and northern England, and north‐western 
Spain. In the Mediterranean regions the land
scape is characterized by relatively small areas of 
arable land, as well as large areas with minor 
forests and scrubland for grazing and firewood. 
Vineyards for wine and olive trees are grown 
on  the slopes. Along the coastlines of Spain, 
France, and Italy, fruit and vegetable crops are 
intensively farmed and irrigated (1). The diver
sity in production reflects regional variation in 
the observed agricultural health and safety 
issues. In the early 1950s, the European Union 
(EU, a political–economic union) was estab
lished and today the EU comprises 28 of the 44 
countries in Europe. This chapter will primarily 
focus on the main agricultural health and safety 
aspects of 27 of the EU member countries (1) 
and their differences compared to North 
America.

 Agricultural Medicine in: The European 
Community
Christina Lunner Kolstrup and Peter Lundqvist
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14.3C  Differences in Types of 
Commodity Production 
and Processes Relative 
to North America

The EU countries cover 4.4 million km2, with a 
population of approximately 500 million (1, 2). 
One‐third of the land area (180,435,000 ha) is 
used for agricultural purposes, of which 50% is 
used for the production of cereals. Forest land 
also constitutes a large area of about 158 million 
ha. Europe accounts for a very large share of the 
world production of several crops (e.g., 80% of 
all rye, 66% of all potatoes and oats, and 40% of 
all wheat). In the temperate regions of northern 
and north‐western Europe, oats and barley are 
common crops and on better soils so is wheat. 
On the sandy soils in northern Germany and to 
the east, rye grain species are characteristic crops. 
In northern Europe, crop rotation is common, 
and tuber and root vegetables like potatoes and 
sugar beet are common crops. In some parts of 
Europe a large proportion of rapeseed (canola) is 
grown for oil production and as a protein source 
for animal feed. Canola is one of the main domes
tic sources of protein in animal feed to supple
ment fish meal and imported soybeans. In 
southern Europe, wheat, barley, and maize (corn) 
are grown mainly as a carbohydrate energy source 
in animal feeds. Olive groves occur extensively 
around the Mediterranean and wine is grown 
particularly in France and Italy, constituting an 
important part of the total agricultural export 
product. Large areas of maize (corn) are grown in 
the lower Danube river plain areas of Hungary, 
Romania, Ukraine, and southern Russia. Maize is 
also grown in Italy and France. During the 1980s, 
this crop was also introduced on a large scale in 
the northern European countries, such as Belgium 
and the Netherlands. Rice occurs in northern 
Italy and southern Spain, and citrus for pulp is 
grown mainly in Spain and Sicily. Greenhouse 
cultivation of vegetables and flowers is particu
larly common in the Netherlands and the cultiva
tion of early vegetables in southern France, 
Brittany, and Cornwall (England) (1–3).

In 2010, there were 11.8 million farms in the 
EU countries with an average size of 14.4 ha 
(36 acres), compared to the United States with 
2.2 million farms with an average of 176 ha 
(441 acres). Sixty‐nine per cent of the EU farms 
were less than 5 ha (12.5 acres, 1 ha = 2.5 acres), 
accounting for only 7% of the agricultural land 
(3). The average farm size was highest in the UK, 
with 70 ha (175 acres), and 21% of the UK farms 
had more than 100 ha (250 acres) of agricultural 
land. In many other countries farm size lies 
between 10 ha (25 acres) and 30 ha (75 acres) per 
farm. The smallest farm units are found in south
ern Europe, in countries such as Romania, 
Poland, Portugal, Greece, and Italy. In Slovakia 
and the Czech Republic, respectively, 91% and 
89% of the agricultural land was found on farms 
with more than 100 ha (250 acres). In France, the 
Netherlands, Norway, and Sweden the govern
ments have encouraged specialization, rationali
zation, and expansion to large‐scale operations 
(1–3).

Agriculture in Europe is generally character
ized by highly mechanized farm operations and 
high yields, but it is also characterized by large 
internal differences. The Russian Federation has, 
for example, despite a relatively well mechanized 
agriculture, much poorer yields than the UK and 
the Netherlands. In some Eastern European 
countries of the former Soviet Union (e.g., 
Romania, Bulgaria, and Albania) agriculture was 
organized in very large units under state or collec
tive control. However, smaller areas were set aside 
for family farms, which often had a higher pro
duction per unit area and accounted for a large 
part of the production of potatoes, vegetables, 
and fruit. In Eastern Europe following the disso
lution of the Soviet bloc land companies have 
purchased and aggregated small landholdings to 
large farms. Amongst these large farms, there still 
remain small family farms, but also a lot of land 
that remains unfarmed. Family farms have 
remained dominant in Poland, Hungary, the 
Czech Republic, and Slovakia. Unlike the rest of 
Eastern Europe, they are mainly privately owned. 
In Western Europe agriculture is primarily domi
nated by family farms, similar to the United 
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States, where 95% of farms are family farms. 
However, in several countries of Western Europe 
large agricultural estates and operations are pre
sent (often held over from feudal times) (1–3).

Cereal production often occurs along with 
livestock production, which is well developed, 
especially in the countries around the North Sea. 
There have been considerable structural changes 
in EU livestock farming since the 1980s. 
Smallholders on mixed farms have gradually 
given way to larger‐scale, specialized livestock 
operations. Even though the number of livestock 
farms and animals has declined, more efficient 
farming methods have led to higher meat and 
milk yields (2, 3). In 2012, the EU had approxi
mately 88 million cattle of which 23 million were 
dairy cows, mainly housed in Germany, France, 
and Poland. There were 145 million pigs mainly 
in Germany, Spain, France, Denmark, the 
Netherlands, and Poland. Sheep (83 million) are 
mainly products of the UK and Spain, and 13 
million goats (2011) are produced in Greece. The 
average herd size for EU dairy farms is not exactly 
known, but about 75% of the 1.7 million dairy 
farms have fewer than 10 dairy cows. The largest 
numbers of dairy farms are found in Romania, 
and Poland. The UK, Germany, and Italy have 
the largest number of large‐scale dairy farms, 
with more than 100 dairy cows per farm (3). 
Approximately one‐third of the world’s meat pro
duction (approximately 40 million tons of meat 
from cattle, pigs, sheep, lamb, goats and poultry) 
comes from Europe (1, 3). A few of the EU coun
tries account for the majority of the meat produc
tion, for example the majority of beef is produced 
in France, Germany, Italy, and the UK. Pork meat 
is produced primarily in Germany, Spain, France, 
Poland, Italy, Denmark, the Netherlands, and 
Belgium. Meat from sheep, lamb, and goats is 
produced primarily in the UK, Spain, and Greece. 
The majority of EU dairy production is concen
trated in the UK, Germany, Spain, France, and 
Italy. The largest producers of cheese are Germany, 
France, and Italy.

EU farmers are or have been highly subsidized 
and EU policy has led to regional specialization 
and more efficient agriculture production. 

Within the EU, a common agricultural policy 
(CAP) governs with the objectives of increasing 
agricultural production, providing stability in 
food supplies, ensuring a high quality of life for 
farmers, stabilizing markets, and ensuring reason
able prices for consumers. It has guaranteed a 
high price for agricultural products to farmers, 
which has in part led to surplus production. In 
the former Soviet Union the exact the opposite 
happened, and agricultural productivity has 
declined. The EU has had to import grain and 
soybean meal for animal feeds, mostly from the 
United States (1).

In summary, agricultural production in the 
EU is different in size and technology from that 
in North America. Farms in the EU are mostly 
small family farms, often with integrated crop 
and livestock production, but very large, special
ized confined animal feeding operations (CAFOs) 
and mono cropping systems exist. The diversity 
of productions systems and products also mirrors 
the different climatic conditions in Europe. This 
also results in the different occupational hazards, 
risk factors, and health issues that European 
farmers, farm workers, and farm families face.

14.4C  Differences in the Culture 
of the Workers

EU agriculture is highly mechanized and highly 
efficient compared to that of less developed coun
tries. As a consequence, a relatively small percent
age (about 5%) of the total population is 
employed in the agricultural sector in the EU 
(similar to the United States and other more 
developed countries). Furthermore, farming is 
tending to become less important as a source of 
employment in rural areas even though it still 
plays a vital role in preserving rural landscapes. 
About 10 million people are engaged in agricul
ture, of which about 2 million are full‐time 
employees and more than 4 million are temporar
ily employed, generally used to cover seasonal 
work peaks (4). (These demographic figures of 
agricultural employment and labor are quite sim
ilar to those for the United States). It is estimated 
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that 66% of seasonal workers are migrant workers 
migrating within the EU. However in the south
ern EU migrant workers also come from Northern 
Africa (4). The highest percentages of the popula
tion working in agricultural (in 2012) were found 
in Romania (29%), Poland and Greece (13%), 
Portugal (10%), and Lithuania (9%). Germany, 
Belgium, the Netherlands, Italy, the UK, Sweden, 
and Denmark had the lowest proportions of 
 agricultural workers (less than 5%) (1,  3). The 
number of jobs in agriculture is steadily decreas
ing. This is a continuing trend linked to global 
economic developments and is observable in all 
technologically advanced countries. The decline 
of agricultural employment across the EU must 
also be considered in terms of production types. 
Farming accounts for 9% of jobs on average in 
countries where more labor‐intensive production 
dominates, such as Italy, Spain, Greece, and 
Portugal. In comparison, only 3% of jobs are in 
agriculture in northern EU where crop and live
stock farming are more common, more mecha
nized, and require less labor (4).

The average age of farmers in the EU is 55 
years (58 in the United States), but there are dif
ferences between northern and southern Europe. 
Generally, the proportion of elderly farmers is 
higher in the Mediterranean countries, with 
nearly 50% of the farmers over 55 years of age 
compared to only 1% in Germany. The percent
age of farmers under 35 is 4% in Portugal and 
6% in Italy. Family labor still dominates in 
EU  agriculture, for example family members 
accounted for 97% of the agricultural workforce 
in Finland. The highest proportion of non‐family 
workers was found in the UK and Denmark (4). 
Farm owners are predominately male, but, as in 
the United States and other developed countries, 
women are becoming increasingly engaged in 
agriculture. It is estimated that about one‐third of 
the total agricultural workforce is female (5). The 
proportion of female farm workers is especially 
high in Portugal (52%) and Austria (49%). In 
Sweden about 50% of farm workers are female 
and women are even more prevalent in livestock 
production (4,  6). Similar trends are seen in 
North America, but are not quite as pronounced.

14.5C  Differences in Agricultural 
Injury and Illness Statistics

The diversity of agriculture, climate, technical 
advancement, culture, farming structure, and 
regional legislation in the EU is reflected in the 
diverse picture of occupational health and safety 
hazards. In a statistical portrait of work and 
health in the EU (1994–2002), agriculture, 
including hunting and fishing, had the highest 
fatal and non‐fatal injury rates compared to other 
industries, 11.8 per 100,000 workers compared 
to 6.0 per 100,000 for all workers (7) (The 2012 
EU agricultural fatality rate for the United States 
shows an agricultural fatality rate of 20.2 per 
100,000 (38% higher) and an non‐fatal rate of 
3,200 disabling injuries or illnesses per 100,000 
(about 50% of EU data)). In the EU, the statis
tics reveal that 3.2% of the agricultural workforce 
had permanent health problems or disabilities 
caused by work‐related disease (7). A study has 
shown that farmers in general have lower morbid
ity rates, especially for cardiovascular diseases and 
mental diseases, but also cancer diseases (similar 
in the United States). Furthermore, EU farmers 
have fewer diseases of the digestive, uro‐genital, 
respiratory and locomotor systems, and skin, and 
injuries to women (8). Regarding mental health, 
several studies have shown that farmers report 
few mental health problems (9). In a survey con
ducted in 2000 on working conditions in EU 
agriculture, 40% of the workforce stated that 
their health was at risk because of work, 15% 
handled dangerous substances, 8% considered 
that their health was being put at risk of allergies 
because of work, over 10% considered that they 
had been put at risk of skin problems at work, 
and nearly 30% were exposed to vibrations at 
work (10). The study also revealed that more 
than 20% of agricultural workers reported being 
exposed to noise at work, almost 60% were 
exposed to painful posture at work, nearly 50% 
carried heavy loads, and over 50% were exposed 
to repetitive hand movements (half the time or 
more). However, only 30% of workers felt that 
they were well informed about the risks at work 
(10). These figures have only marginally declined 
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over the years despite numerous implemented 
measures. In some EU countries the statistics on 
fatalities, injuries, and occupational diseases 
related to agriculture are not systematically regis
tered or registered at all. In the EU the most com
mon cause of serious and fatal agricultural injuries 
involves moving and overturning tractors and 
other motorized farm equipment. About 25% of 
fatalities in US farmers are from tractor over
turns, but this is less of a problem in the EU as 
roll‐over protective structures (ROPS) are 
required on tractors (discussed in more detail 
below). Other causes of injury involve falling 
from heights, being hit by falling objects, being 
trapped by objects collapsing or overturning, and 
handling of livestock. Injuries on farms also occur 
during maintenance of machinery or equipment 
and handling of animals (11). Tractor‐related 
fatal injuries remain a concern, but as EU direc
tives have made it compulsory to have roll‐over 
protection, this source of injury has reduced the 
number of fatalities and serious injuries to a very 
large degree.

Even though the injury rate is higher for men, 
women also report high levels of injuries in the 
agricultural sector. However, female workers may 
not be covered by occupational safety and health 
legislation. Women working in agriculture may 
be exposed to the same hazards and risk factors as 
male workers, but, similar to North America, 
they may also face additional risk factors, particu
larly to reproductive health (e.g., from hormones 
used in animal treatments, carbon monoxide in 
farm buildings, infections acquired from live
stock, and possibly insecticides) (5). Additionally, 
women may be at greater risk of work‐related 
musculoskeletal disorders in the neck and upper 
limbs, especially those working in dairy farming 
(12–15). As in most western developed econo
mies, agriculture is unusual in the fact that the 
place of work may also be the family home. This 
implies that children may be at risk from work
place hazards in agriculture. In addition, visitors 
to farms may bring children with them, perhaps 
unaware that they are entering workplaces. 
(These factors all occur in North America too.) 
According to the International Labor Office (16) 

the average incidence of non‐fatal farm injuries in 
the EU was about 50% higher among workers of 
18–24 years of age compared to other age groups. 
Sweden is one of the countries in the EU that has 
specific regulations for children and youth work
ers on farms, but not all countries in the EU 
cover child protection in their occupational safety 
and health legislation. About two‐thirds of the 
fatal events involving children are related to vehi
cles. Other causes of fatal accidents include 
machinery, drowning, suffocation, and contact 
with animals (17). Many of the hazards and gen
der issues described above are very similar to 
those experienced in the United States.

14.6C  Differences in Health and 
Safety Regulations

The EU has developed and agreed on standard 
regulations concerning workplace health and 
safety, but each country has made minor modifi
cations to coincide with local and regional condi
tions. In most EU countries the occupational 
health and safety regulations also apply to agricul
ture and only a few countries have specific regula
tions for agriculture. (This is different in the 
United States and such regulations do not take 
effect (with the exception of California, 
Washington, and Oregon) unless there are 11 or 
more employees on the farm.) There are several 
EU safety and health regulations. Directive 
89/391/EEC introduced measures to encourage 
improvements in the safety and health of workers 
in the workplace. The purpose of the directive is 
to secure a minimum level of safety and health at 
work and it mandates responsibility to the 
employer to take care of the safety of his/her 
employees (17). Furthermore, the EU has specific 
directives concerning noise (2003/10/EC) and 
vibration (2002/44/EC), with precise limits on 
maximum exposure, guarding of machinery 
(98/37/EC), and tractor safety (2003/37/EC). 
According to these directives, the manufacturer is 
responsible for the safety of a machine placed on 
the market (17). In Sweden, some regulations are 
issued especially for the agricultural sector regarding 
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pesticides, working with animals, and use of trac
tors, whereas regulations regarding ergonomics 
for the prevention of musculoskeletal disorders, 
noise, vibrations, gases, chemical and microbio
logical hazards, use of personal protection equip
ment, working alone, and young workers are 
more general but include agriculture (18). In 
Sweden, all employers, including farmers, are 
obligated to investigate, correct hazards found, 
and follow up that the work environment is satis
factory and prevents ill‐health and injuries (19). 
Another example of comprehensive EU regu
lations concerns ROPS, which is required for 
 tractors and other agricultural vehicles. The effec
tiveness of this legislation is shown in the number 
of fatalities in tractor turn‐overs, which decreased 
from 1.6 to 0.2 per 10,000 Finnish farmers (17). 
In several, but not all, EU countries farmers are 
covered by different insurance systems. As an 
example, Farmers’ Social Insurance Institution 
(Mela) in Finland is mandatory for all farms with 
at least 5 ha (12.5 acres) of farmland and covers 
self‐employed farmers, their spouses, and salaried 
family members (salaried non‐family workers 
are  insured by other workers’ compensation 
 insurance carriers). In Denmark, all employees are 
included in an insurance system covering occupa
tional injuries and diseases which is paid by the 
employer (mandatory) and all self‐employed Irish 
farmers are covered by the Irish Safety, Health and 
Welfare at Work legislation (20).

14.7C  Differences in Resources for 
Agricultural Medicine

Farmers have different possibilities for accessing 
occupational health care and services in EU coun
tries. Finland is an example of a country with a 
well‐developed voluntary occupational health ser
vice for farmers (21). An occupational health nurse 
and local agricultural advisor visit farms according 
to an established schedule to survey working con
ditions at least every 4 years. In Norway only 8300 
farmers (15%) are affiliated to occupational health 
services, but they appear to be satisfied with the 

outcomes and services provided (22). In Sweden 
approximately 37% famers use occupational health 
services for regular health screenings (23). 
Furthermore, specific measures have been taken in 
Sweden to prevent injuries among children on 
farms (24) and there is a safe farm program for 
Swedish farmers involving training and farm walk‐
through with a farm safe specialist (23).

14.8C  Special/unique Agricultural 
Illness or Injury Conditions

European countries, specifically those in the EU, 
vary in their living and working conditions. The 
differences are affected by the variation in the 
level of mechanization versus exposure to manual 
work, exposure to environmental factors, and 
access to technical solutions. In general there are 
many similarities in the types of general agricul
tural occupational injuries, illnesses, hazards and 
related issues between the EU, North America, 
Australia, and New Zealand.

Key Points

This chapter is based on the available facts 
from the EU and other selected references. 
The authors have focused the discussion in 
a  comparative sense on the United States, 
Canada, and other western countries with 
more developed agricultural industries.

1. The EU countries have a total of 11.8 million 
farms. Sixty‐nine per cent of these farms 
have fewer than 5 ha and account for only 
7% of the agricultural land.

2. EU farmers are or have been highly subsi
dized and this EU policy has led to a 
regional specialization and more efficient 
agricultural production.

3. About 10 million people are engaged in 
agriculture (approximately 5% of the total 
workforce in the EU), of which about 2 
million are full‐time employees and more 
than 4 million are temporarily employed, 
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15.1 Introduction

Those working in production agriculture feed the 
world. Their productivity facilitates urban devel
opment along with the arts, sciences and general 
industry. A central theme of this book has been the 
recognition, treatment, and prevention of health 
and safety hazards of this high‐risk occupational 
group. The sustainability of our society depends on 
a sustainable agriculture. In turn, a sustainable 
agriculture depends on the health and safety of the 
agricultural population who do the work. This 
chapter focuses on the expectation that implemen
tation of the principles described will assist in their 
sustainability.

Creating healthy and safe agricultural working 
environments poses unique concerns (1,  2). 
Challenges include the strong cultural and belief 
systems of agricultural people (3), socioeconomic 
issues, numerous and isolated operations, special 
risk populations, and unique hazards of the work 
environment. These challenges vary across differ
ent sectors of agriculture. While small independ
ent family farms may present the greatest 
challenge, health and safety promotion on larger 
farms with employed farm workers presents its 
own difficulties. The following sections will 
include the relative effectiveness of different para

digms of intervention as well as a “hierarchy of 
prevention” (Figure  15.1) and the relative 
characteristics and strengths of each. Barriers to 
intervention and prevention will also be discussed.

Personal protective equipment was briefly dis
cussed relative to the hazards defined in Chapters 3, 
6, and 9. This chapter will extend discussion of per
sonal protective equipment (PPE) (see details of PPE 
description selections and fitting in Appendix A).

Finally, integrated multimodal prevention 
interventions have proved to have a higher likeli
hood of improving health and safety in the 
agricultural population over time relative to 
 single‐modal interventions. Examples of such 
interventions are included in this chapter.

Murphy (4) and Aherin (5) have reviewed the 
history and development of prevention in agri
cultural health and safety. They point out that 
contributions to this field have historically come 
from industrial safety, industrial engineering, 
education, psychology, and public health. In 
addition, they have described a hierarchy of pre
vention effectiveness that places elimination of 
the hazard at the top, followed by enforcement of 
regulations and standards, and then awareness‐
raising education and training to change behav
ior. Most health and safety specialists agree with 
this hierarchy (Figure  15.1). A primary aim of 
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this chapter is to assist health and safety practi
tioners in developing new prevention programs 
based on attention to this hierarchy, science‐
based current theory in the field, and prior 
experience.

15.2  Barriers to Prevention 
Intervention

Intervention programs must address the varia
tions in the size, management, labor, and envi
ronment of farms from small family farms to 
large industrial‐style farms. Prevention programs 
must also address the diversity of individuals 
(physical and cultural) who work within these 
different structures.

15.2.1 Small Family Farms

The Nature of Farming

Compared to other industries (where manage
ment and labor are separate), small family farm 
owner/operators represent both labor and 
 management. Over 80% of those working in 
 production agricultural (even in the developed 

economies) retain the characteristics of small 
family farms. However, with the trend of farming 
enterprises becoming larger, they tend to acquire 
the characteristics of other industrial enterprises 
(separate labor and management) but retain some 
characteristics of family farms.

Economics

The economic aspects of agriculture were dis
cussed in the introductory chapter. Farming has 
always presented an economic challenge for the 
individual producer. However, the growth of 
the supply side economic policy for agriculture 
beginning in the early 1970s, and the global 
economy of the late 1990s, have resulted in a 
highly productive agriculture while commodity 
prices have remained nearly level relative to con
tinually rising production costs, resulting in an 
ever‐narrowing profit margin for the producer 
(6). The producer must be frugal and is likely to 
use old and often unsafe equipment, rely on 
unpaid family labor, and choose not to allocate 
resources to safety and health applications (7). 
Producers and their insurers need to understand 
that agricultural injuries have a profound eco
nomic impact on the individual family and the 

Eliminate the hazard
(e.g., engineering, substitution,

administration)

Reduce risk and control hazards
(e.g., engineering, substitution,

administration)

Regulations
(OSHA, DOL (child labor law),

EPA worker protection act)

Education (by itself)

Personal protective equipment

Least effective

More effective

Figure 15.1 Hierarchy of prevention in agriculture.
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local economy. Based on 1992 data Leigh and 
co‐workers (8) found that in the United States 
non‐fatal farm injuries annually cost about 
$25,435 per injury, with a total of $13 billion 
(adjusted for inflation to 2015 dollars). Another 
economic analysis (reported in 2002) resulted in 
findings that indicate that installation of roll‐over 
protective structures on tractors in the United 
States would annually save the public $1.5 billion 
($2 billion in 2015 dollars) (9). As economic sus
tainability is a prime concern of producers, health 
and safety professionals should use such economic 
data to help create behavioral change in the farm
ing population by providing financial incentives 
for reduced occupational health and safety 
 hazards. The marginal economy of farming and 
the cultural peculiarities of farmers challenge 
health professionals to be creative and persistent 
in finding ways to promote health and safety. The 
challenges vary among different agriculture sectors.

Culture

The challenge of cultural values creates challenges 
to prevention.

“If anybody is going to tell me how to be safe on my 
farm, they had better first come out here and walk a 
mile in my shoes.”

The late Myron Zumbach, corn  
and cattle  producer, Coggin, Iowa

This excerpt from a video we produced presents a 
common producer’s view on farm safety, elucidat
ing the challenge of creating safe and healthful 
farming operations. Myron is typical of many 
smaller agricultural producers in industrialized 
countries. Proudly, they resist interference from 
outside entities, especially if it is the government, 
or outsiders who have no agricultural credentials. 
They are averse to regulations. They do not trust 
 government to be practical. They perceive the 
government and other non‐agricultural entities 
providing “assistance” as impeding their produc
tivity and increasing their operating expenses. 
Farm people in most of the developed world 
share to some degree a common culture of pride, 
independence, work ethic, mistrust of institu
tions, retain a need to be understood and 

respected. When challenged on their record on 
health, safety, and the environment, they usually 
present a defensive posture. Farmers accept risk of 
occupational injury and illness as part of their 
job. Farm productivity is often more important 
to farmers and ranchers than health and safety. 
This cultural perspective has been present in 
farming for over 200 years. Thomas Jefferson, the 
third president of the United States, justified the 
new proposed federal system that would allow 
the farming population not to lose representation 
relative to an urban aristocracy as follows (10):

“Cultivators of the Earth are the most valuable of 
citizens. They are the most vigorous, the most inde-
pendent, the most virtuous, and they are tied to their 
country and wedded to its liberty and interests by the 
most lasting bonds.”

Thomas Jefferson, 1785

These attributes of the farmer have been referred 
to as the “agrarian myth”. It still permeates farm
ing communities in the United States, and perhaps 
to a lesser extent in other industrialized countries. 
Farmers feel they are in a noble profession that 
“feeds the world” and have a covenant with society 
and thus a right to farm with little interference.

Although issues of independence and self‐reliance 
are important to farmers and ranchers, they gen
erally have not taken charge of their occupational 
health and safety problems (11,  12). Instead, 
numerous farm safety non‐governmental and 
governmental organizations have emerged (see 
Table  1.2). However, these organizations have 
not largely been led, or actively participated in, 
by active farmers (13). Funding for these sources 
has instead come from the government or private 
donations. Long‐term sustainability or expansion 
of effective health and safety initiatives is unlikely 
unless proactive leadership, resources, and incen
tives develop within the agricultural community 
and associated agricultural businesses, and more 
health and safety legislation is enacted that is 
effective, enforced, and accepted by the farm 
community.

As the former conditions are not in effect at 
this time, health and safety professionals are left 
to understand and accept the culture of farmers 
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and work within the existing cultural and eco
nomic parameters. Furthermore, resources to 
initiate and sustain effective prevention programs 
are limited in rural communities, adding to the 
challenge.

Further reflection on behavioral patterns of 
farmers reveals a “cultural conundrum” regarding 
their occupational health and safety. Most farm 
people are cognizant of the injury hazards they 
encounter (14), but when an injury does happen, 
the individual generally accepts all blame for the 
occurrence of the event. The following example is 
from an interview this author (KJD) had with a 
farm injury victim, questioning him as to how 
the injury happened:

“I was just careless; I just did a stupid thing. I knew 
that the grain auger did not have a shield over it, and 
I just got my hand too close when trying to push the 
remaining grain into the machine.”

When asked how farm injuries could be pre
vented, he said “We need to have more education 
about this problem and be more careful.” Farmers 
know about major safety hazards, but do not 
seem to think beyond “being careful” around 
hazardous machines nor do they associate “being 
safe” with actions to remove the hazard before an 
injury event occurs. This illustrates the failing of 
awareness‐level educational models. The old for
mula of “education will create attitudes that lead 
to behavior change” has not resulted in a reduced 
risk of injuries and illness. The most difficult 
thing to change in prevention is human behavior, 
therefore the most effective interventions are 
those that do not depend on human behavior. 
Being human, we forget, take short cuts, become 
harried, and make mistakes – even though we 
know the hazards.

In addition to cultural barriers, geographic 
dispersion raises challenges to create a network 
of farms/farm people in a program. The small 
family farm is largely unregulated by 
health  and  safety officials, so the decision to 
initiate a comprehensive prevention program is 
 voluntary. Trust in the program manager is 
crucial and incentives must be perceived as 
worthwhile for the extra effort and expense. 

Also, as many of these smaller farms have lim
ited resources, any expenditure needs to hold 
the promise of  substantial economic benefits 
in the long run.

Small family farms also include family mem
bers that may have special health risks and 
needs that differ from the primary operator. 
These special populations (as discussed in 
Chapter  2) include women, children, the 
elderly, and farm workers. The specific health 
and safety issues of these populations must be 
covered in comprehensive prevention programs 
for family farms.

15.2.2  Large Farms with More Than 
10 Workers

Large farms (in the United States), as discussed 
previously, come under the scrutiny of occupa
tional health and safety regulators. The major 
 difference is the employees, and the fact that the 
ultimate responsibility of the health and safety of 
the employees belongs to the principal operator. 
Specific regulations pertain to these operations 
and by law the employer must comply with them 
or enforcement may be implemented.

Migrant and seasonal farm workers (MSFWs) 
are usually employed by large farms. Most 
industrialized countries have regulations that 
help protect MSFWs. In the United States 
migrant health clinics supported by the govern
ment provide acute care. Unions and advocacy 
groups draw attention to safety issues and help 
to promote protective policies. However, many 
work hazards for this population still remain 
and need to be addressed (2, 15). Chapter 2 pro
vides further information about this popula
tion’s needs.

Non‐minority farm workers may be employees 
of a small family farm or a large regulated farm. 
They experience similar hazards to MSFWs, but 
are not afforded all the protections given to them 
(e.g., access to free health care). Furthermore, 
because many non‐minority workers may work 
on small family farms, they are not afforded the 
same degree of protection as those working on 
large farms.
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These barriers and challenges to injury and ill
ness prevention can be addressed through design 
and application of science and theory‐based 
interventons. Prevention intervention and theory 
are researched and practiced in several disciplines 
within the broader field of occupational safety 
and health. These disciplines include the safety 
professions (safety engineering, human factors 
engineering), public health (epidemiology, sur
veillance, health behavior), industrial hygiene, 
ergonomics, occupational and primary health 
care, and educational and social psychology.

The most effective programs for long‐term 
improvement in health and safety have been 
comprehensive multimodal programs that incor
porate theory and methods from several of these 
professional fields. These methods will be dis
cussed in the remainder of this chapter along 
with specific examples of effective programs.

The various modalities of prevention are all 
not equal in their effectiveness, and several special 
disciplines in the field of agricultural health and 
safety emphasize different prevention modalities. 
A hierarchy of prevention modalities is given 
here, followed by a description of the approach of 
the various health and safety disciplines in 
addressing the basic hierarchy of modalities.

15.3  A Hierarchy of Prevention 
Modalities

A hierarchy of methods provides an organizing 
scheme for the broad concept of prevention. This 
hierarchy is based on a review and interpretation 
of both safety and public health literature. It 
 represents a broad‐based consensus among the 
occupational health and safety disciplines, and 
organizes modalities from most to least effective 
according to a common consensus among pub
lic health professionals and safety professionals 
(Figure 15.1).

1. Eliminate the hazard through
a. engineering
b. administration
c. substitution

2. Minimize and control the safety and health 
risk by
a. engineering through safe guards
b. administrative means
c. substitution of risky substances or  processes 

for safer ones
3. Regulation and enforcement
4. Education and training for safe and healthful 

behavior
5. Application of PPE

15.3.1  Eliminate the Hazard or 
Minimize and Control Risk

Most health and safety specialists agree that 
safety‐minded engineering can be highly suc
cessful in preventing occupational injuries and 
illnesses (16–18). Since the engineering model 
assumes that human beings will err and put 
themselves at risk, the first goal is to engineer 
out the hazard to protect the operator (19, 20). 
However, complete elimination of the hazard 
may not be possible or practical. As a result, 
safety engineering includes its own hierarchy 
of methods in order of effectiveness that 
includes (4):

1. Completely elimination of the hazard
2. Application of safeguarding technologies
3. Employment of warning signs
4. Training and instruction for the operator and 

workers
5. Use of PPE (see Appendix A for details)

Items 3–5 above are also elements of the educational 
and the public health approach to prevention, 
and will be discussed in those sections.

Elimination of the hazard is the ultimate goal 
of safety engineering. There are five essential 
principles to reaching this goal:

1. Hazard analysis
2. High product reliability
3. Fail‐safe design
4. Monitoring and structural safety factors
5. Passive protection.

Hazard analysis traces the sequence of events 
leading to an injury. Fault‐tree analysis is a  specific 
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type of hazard analysis involving all the events 
and structures that link to an injury event. The 
engineering correction is in the design of a 
mechanical feature that eliminates the weak 
link(s) in the operation. For example, to prevent 
a run‐over, an operator must be sitting in the seat 
and push down on the clutch before the machine 
will start (interlocks).

The fail‐safe design principle is used in elec
trical circuits (e.g., ground fault circuit inter
rupters (GFCIs)) to prevent electrocutions 
from electrical hand tools. It may be installed in 
the service, power outlet, or the appliance itself. 
It measures the amount of current leaving and 
returning back to the service. In the event of 
even a slight  difference (leakage), the GFCI 
will shut off  service to that line immediately, 
preventing a  possible electrical shock to the 
operator.

Passive protection can be effective in eliminat
ing the risk of injury in agriculture. Clearly the 
most important passive protection system in 
agriculture is the roll‐over protective structure 
(ROPS). Installation of this device eliminates a 
fatal outcome if the tractor should overturn in 
75% of events. Additional protection is pro
vided with use of a seatbelt, which eliminates 
fatalities in 99% of events (21, 22). However, 
nearly 400% of tractors in the United States do 
not have ROPS (23). A discussion of legislation 
and programs to enhance ROPS installation is 
given in Chapter 11. Another important exam
ple of passive protection is the shield used to 
prevent the bypass start of a tractor. Should the 
main electrical start switch (usually activated by 
the key) fail to activate the solenoid switch on 
the starter of a tractor, the bad connection can 
be bypassed by standing next to the starter 
motor, usually in front of the rear wheels of the 
tractor, and jumping across the connections 
from the battery where they attach to the starter. 
However, all too often the tractor has been left 
in gear, and as the tractor starts, it  jumps for
ward, running over the operator. A shield cover
ing the terminal connections prevents this type 
of injury.

 Limitations of Engineering Prevention

Although engineering can be a highly effective 
means of injury prevention, there are still sig
nificant limitations. Most engineering solutions 
are applied by the manufacturer on new equip
ment. However, farm machinery may remain in 
service for several decades and older machines 
often lack modern safety features. Retrofit 
equipment is expensive. Most producers are not 
economically or culturally motivated to expend 
resources for safety retrofit items. Furthermore, 
many retrofit items may not be available, as 
manufacturers are often reluctant to make ret
rofit safety equipment or have it installed on 
old machinery as it may not be an economical 
business for them and may increase their liabil
ity if the safety device fails.

However, there are a few programs, some 
with incentives, to promote and facilitate invest
ment in new engineering controls for old 
machines, primarily for ROPS. In the United 
States ROPS incentive programs are available 
from some State Farm Bureau organizations, and 
the New York State Center for Agricultural 
Health and Medicine (24).

Developing and installing new engineering 
safety equipment on machines is subject to eco
nomics and marketing. If new engineering design 
and deployment on machines puts one company 
at an economic, liability or marketing disadvan
tage with competitors, then such engineering is 
not likely to happen.

Safety features can be defeated, for example 
bypass starting shields, power take‐off shields, 
gear and pulley shields all can be removed. 
Interlocks can be disengaged; warning devices 
can be turned off. This is likely to happen if they 
interfere with the convenient operation of the 
machine. As a result, safety features must be 
designed in a manner that will not inconvenience 
the operator.

Failures in engineering interventions may 
not  become apparent until injuries occur. How 
humans interact with a machine (use the machine) 
highly influences the risk of an injury event. 
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Awareness of unintended use resulting in an 
injury provides numerous incidents, which the 
manufacturer may not be aware of for several 
years, as active surveillance of injuries is not an 
ongoing process (which indicates the importance 
of detailed and routine injury surveillance). 
Despite these limitations, engineering controls 
are one of the most effective strategies for reduc
ing agricultural injuries.

15.3.2 Regulation and Enforcement
Regulation and enforcement are high in the 
order  of prevention modalities, coming after 
engineering interventions. Although regulation 
and enforcement have resulted in important 
improvements in several hazardous industries 
(e.g., mining and construction), few regulations 
have been applied to agriculture in the United 
States. Fatal agricultural injury rates have 
remained relatively flat over time relative to other 
industries. It is unclear whether the lack of regu
lations and enforcement is the reason for this. 
(However, the fact that agricultural injury rates 
in the United States are 30% higher than in other 
industrialized countries (see Chapter 11) where 
more regulations are in effect suggests that regu
lations are effective (25)). Farm organizations 
and farm groups (especially in the United States) 
have not welcomed regulations and have often 
actively resisted them. Additionally, in the United 
States the sociopolitical culture has generally 
given higher importance to individual rights than 
to the protection of groups, thus creating an 
unfavorable environment for farm safety regula
tions. However, there are important existing reg
ulations in the United States for agriculture. Two 
agencies are mandated to promulgate and enforce 
these regulations: the Occupational Safety and 
Health Administration (OSHA) within the 
Department of Labor (DOL) and the Environ
mental Protection Agency (EPA).

Regulations under the DOL originated when 
Congress passed the 1970 Occupational Safety 
and Health Act. This law was established with 
the goal of providing a safe and healthful work 

environment for all workers, and covered the 
following major areas (26):

1. OSHA publishes rules and regulations in 
Occupational Health and Safety Standards 
manual, Parts 1910 and 1928.

2. States can choose to have the federal government 
run the OSHA program in their states (26 
states) or run their own state plan (24 states).

3. The law requires that state plan programs 
be equivalent to or more protective than 
 federal laws.

4. The Federal Government supplements 50% 
of the cost of state plan programs.

5. The 1976 Small Farm Exemption Amendment 
stated that federal funds could not be used to 
inspect or enforce OSHA regulations on farms 
with fewer than 11 employees (note that the 
small farm exemption does not apply to a farm 
that has a periodic or permanent labor camp; 
see details of the small farm exemption below).

6. Agricultural operations with 11 or more 
employees (on any given day in a year) and/or 
a temporary labor camp must follow OSHA 
regulations for agriculture. (Family members 
are not counted in the number of employees.)

7. Regulations in Part 1928 pertain specifically 
to agriculture, including safe storage and 
handling of anhydrous ammonia, signs and 
tags must be in place to remind workers 
of  hazards, and engineering standards for 
 tractor roll‐over protection and machinery 
guarding.

8. The employer must provide employee safety 
training and have material safety data sheets 
(MSDS) accessible.

9. Although few specific exposure standards in 
1910 apply to agriculture, there is a General 
Duty Clause which states that:

Employers must provide their employees with a 
workplace free from recognized hazards likely to 
cause death or serious physical harm. Employers 
can be cited for violating the General Duty 
Clause if there is a recognized hazard and they 
do not take reasonable steps to prevent or abate 
the hazard (26).
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 Organic dust exposure serves as an exam
ple of the application of the General Duty 
Clause. OSHA has no permissible exposure 
limits for organic dust in the air. However, a 
large body of literature documents the res
piratory health hazards for confined live
stock production facility workers when 
organic dust exposures exceed 2.5 mg/m3 
and/or ammonia exceeds 7 ppm (27). The 
General Duty Clause could be invoked, 
requiring employers to reduce  exposures 
even though there are no OSHA exposure 
limits for organic dusts.

10. Farmers of any size operation may request an 
inspection from the OSHA consultation 
program without fear of reprisal.

11. Exemptions to OSHA include those farms 
with fewer than 11 employees (small farm 
exemption).

12. The small farm exception does not apply to 
non‐production agricultural activities on a 
farm (e.g., processing, direct sales etc.).

13. A farm with periodic or permanent labor 
camp is not exempted, even if there is only 
one laborer in the camp.

Small Farm Exemption

Although the intent of the OSHA law pertains 
to all farms, even those with just one employee, 
in 1976, following pressure from farm groups, 
the Small Farm Exemption amendment was 
passed (28). This provision made it illegal to 
spend  federal dollars to inspect or enforce regu
lations on farm businesses with fewer than 11 
employees, as (even for one day) at any time 
during the year. 

However, for all farms, reporting of injury or ill
ness incidents is required for an event resulting in 
three or more fatalities or hospitalizations.

(Details of the small farm exemptions are given in 
Table 15.1; 28).

The small farm exemption amendment to the 
OSHA Act effectively eliminated nearly 90% of 
US farms (1,900,000 farms with an estimated 
3,000,000 workers) from coverage (28–30). 
However, three of the 24 state plans cover 
farms with even a single employee (Washington, 
Oregon, and California). In these states injury 
and fatality rates are more than 30% lower com
pared to the average for all other states (16, 25).

Table 15.1 US Occupational Health Administration’s Appropriation Act exemptions (small farm 
exemption) for farming operations (28)

OSHA activity Farming operations with 10 or  
fewer employees and no temporary  
labor camp activity within the past  
12 months

Farming operations with more than  
10 employees or a farming operation  
with an active temporary labor camp  
within the past 12 months

Programmed safety inspections Not permitteda Permittedb

Programmed health inspections Not permitted Permitted
Employee complaint Not permitted Permitted
Fatality and/or two or more 
hospitalizations

Not permitted Permitted

Imminent danger Not permitted Permitted
11(c) (whistleblower investigation) Not permitted Permitted
Consultation and technical 
assistance

Not permitted Permitted

Education and training Not permitted Permitted
Conduct surveys and studies Not permitted Permitted

a Federal funds not permitted to be used for stated activity.
b Federal funds are permitted to be used for stated activity
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There are specific OHSA regulations that 
 pertain primarily to protection of migrant 
workers. For example, sanitation facilities are 
required in the field (e.g., toilets, hand wash
ing) and in labor camp housing (e.g., toilets, 
showers) (31).

Other countries have had more success in 
achieving regulations for agricultural safety and 
health, but generally, compared to other indus
tries, agriculture remains relatively unregulated. 
A comparison of regulations existing in several 
industrialized countries is seen in Table  15.2 
(32–39).

Larger farms have a greater potential for devel
oping effective health and safety programs com
pared to small farms. These farms have more 
resources, can afford newer and safer equipment, 
and many have a labor management structure that 
can better assure compliance with safety programs. 
Unfortunately, farms coming under OSHA pur
view are rarely actively regulated. A major reason 
for this is that the approximate 100,000 large farms 
in the United States are geographically dispersed, 
often in remote locations that cannot be moni
tored by the minimal number of inspections and 
enforcement personnel employed by the Federal or 
state OSHA programs. Other reasons include lack 
of trained personnel, unpopularity of the law 
among employers, and lack of concern on the part 
of the general public.

In addition to the OSHA law, the DOL has 
health and safety responsibilities for child labor 
under the Fair Labor Standards Act of 1938. 
The child labor laws within this Act aim to 
protect working children under 16 from harm 
on the job, prevent work from limiting their 
access to education, and prevent substandard 
pay. The Wages and Hours Division of the 
DOL enforces child labor laws within the Fair 
Labor Standards Act.

These laws do not apply to youths working 
their families’ farms. They do apply to youths 
working on non‐family farms (40). The law 
limits work hours when school is in session for 
youths under 16 years of age (14 with parental 
permission). Application by individual states may 

be more, but not less, strict than the Federal law 
(26). For youths under 16 working in agriculture, 
regulations prevent exposure to high‐risk hazards 
as specified under Occupations Order for 
Agriculture (HOOA) (41). Particular hazardous 
activities that youths under the age of 16 are not 
allowed to perform (except for the stated exemptions 
given below) are identified in Table 15.3 (40–43).

The exemptions to the HOOA are as 
 follows (40):

Youths 14 and 15 years of age are exempt from 
HOOA if they:

1. are employed by their parents (or stand in) on 
farms owned or operated by their parents;

2. are student learners in a legitimate vocational 
agriculture program (applicable to items 1–6 
in Table 15.3);

3. have had certificate of training in the tractor 
and or machine operation program offered by 
4‐H Extension or a vocational agriculture 
training program. The exemption is applicable 
to items 1 and 2 in Table 15.3. These training 
programs are offered in many states. They are 
described on the Pennsylvania State University 
Extension website (42).

Additional exemptions allow (with written paren
tal permission) 12‐ and 13‐year‐old youths to be 
employed on farms where a parent or parental 
stand‐in is employed. Ten‐ and 11‐year‐olds may 
not be employed for more than 8 weeks in total 
duration during a season from June 1 to October 
15. Youths must be local permanent residents. 
Employers must obtain a permit from the 
Secretary of Labor to hire a youth of this age.

In 2011, the DOL proposed amendments to 
the law that would upgrade HOOA to create 
parity with youth labor laws in industries other 
than agriculture (43). The proposal remained 
applicable only to work on family farms, but 
increased the age of application to age 18 years 
and below from the previous 16 years. 
Furthermore, additional hazardous tasks were 
added to HOOA, including certain provisions 
for working with animals, pesticides, manure 
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Table 15.3 Hazardous Occupations Orders for Youth in Agriculture (HOOA) (40–43)

The Secretary of Labor has found and declared that the following occupations in agriculture are hazardous for minors less 
than 16 years of age. No minor under 16 may be employed (off their family farm) at any time in these occupations 
except as exempted.
The restrictions in categories 1 and 2 below are exempted if the youth has a certificate of attendance in an approved 
tractor or machinery safety course.

(1)2 Operating a tractor of over 20 
PTO horsepower, or connecting or 
disconnecting an implement or any of 
its parts to or from such a tractor
(2)2 Operating or assisting to operate 
(including starting, stopping, adjusting, 
feeding or any other activity involving 
physical contact associated with the 
operation) any of the following 
machines:

Corn picker, cotton 
picker, grain combine, 
hay mower, forage 
harvester, hay baler, 
potato digger, or 
mobile pea viner

Feed grinder, crop 
dryer, forage blower, 
auger conveyor, or the 
unloading mechanism 
of a powered self‐
unloading wagon or 
trailer

Power 
post‐hole 
digger, power 
post driver, or 
non‐walking‐
type rotary 
tiller

(3) Operating or assisting to operate 
(including starting, stopping, adjusting, 
feeding, or any other activity involving 
physical contact associated with the 
operation) any of the following 
machines:

Trencher or 
earthmoving 
equipment

Fork lift Potato 
combine

Power‐driven 
circular, 
band, or 
chain saw

(4) Working on a farm in a yard, pen, 
or stall occupied by:

Bull, boar, or stud 
horse maintained for 
breeding purposes

Sow with suckling 
pigs, or cow with 
newborn calf (with 
umbilical cord present)

(5) Felling, bucking, skidding, loading, 
or unloading timber with butt diameter 
of more than 6 inches
(6) Working from a ladder or scaffold 
(painting, repairing, or building 
structures, pruning trees, picking fruit, 
etc.) at a height of over 20 feet.
(7) Driving a bus, truck, or automobile 
when transporting passengers, or riding 
on a tractor as a passenger or helper
(8) Working inside: A fruit, forage, or 

grain storage designed 
to retain an oxygen‐
deficient or toxic 
atmosphere

An upright silo within 
2 weeks after silage has 
been added or when a 
top unloading device is 
in operating position

A manure pit A horizontal 
silo while 
operating a 
tractor for 
packing 
purposes

(9) Handling or applying agricultural 
chemicals classified under the federal 
Insecticide, Fungicide, and Rodenticide 
Act (as amended by Federal 
Environmental Pesticide Control Act of 
1972, 7 U>S>C. 136 et seq.) as Toxicity 
Category I, identified by the word 
“Danger” and/or “Poison” with skull 
and crossbones; or Toxicity Category II, 
identified by the word “Warning” on 
the label

Specified tasks include 
cleaning or 
decontaminating 
equipment, disposal or 
return of empty 
containers, or serving 
as a flagman for 
aircraft application

(10) Handling or using a blasting 
agent, including but not limited to, 
dynamite, black powder, sensitized 
ammonium nitrate, blasting caps, and 
primer cord
(11) Transporting, transferring, or 
applying anhydrous ammonia

Source: Excerpted from the Fair Labor Standards Act, US Department of Labor, http://www.abe.iastate.edu/Safety/clb102.htm.
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pits, storage bins, tobacco, and powered equip
ment. However, this proposal was met with strong 
resistance from the agricultural community 
and was withdrawn.

Possible fines may accrue if these orders are 
violated, but the HOOA is not well monitored or 
enforced unless there is a complaint. As a result, 
it serves functionally as a voluntary educational 
program rather than a regulatory one.

The effectiveness of the HOOA educational 
programs is questionable. Evidence from two 
doctoral dissertations have shown no decrease in 
injuries for youths who have taken the training 
specified under HOOA (44,  45). Furthermore, 
Risenberg and Bear (46) found that this training 
may be associated with an increase in injuries. 
(An observation that may be associated with 
exposure, as trained youths may have more work 
exposure, than as a direct causal effect of the 
training. A similar increase in automobile crashes 
with youths taking driver training programs has 
also been noted (47).)

In addition to the health and safety regula
tions of the DOL, the US EPA has two areas 
of regulation aimed at prevention of pesticide 
poisoning, as authorized under the Federal 
Insecticide, Fungicide, and Rodenticide Act 
(FIFRA) of 1947. The first deals with training 
and certification of those intending to apply 
restricted‐use pesticides (pesticides with the 
potential to cause human or environmental 
health consequences if mishandled). Initiated in 
1975, the EPA instituted an interagency agree
ment with the US Department of Agriculture 
to fund state extension services to conduct 
training and certification in two categories of 
pesticide applicators (private and commercial) 
(48). Training and examination is generally 
required to obtain the certification, but the 
specifics of certification requirements vary among 
states and can be more, but not less, stringent 
than EPA standards. For example, the EPA 
requires an examination for commercial applica
tors, but not private applicators (farmers mostly). 
Some states require an examination (a 90‐question 
exam) for both categories, and some states do not 
require examination for private applicators. Also, 

states vary in their requirements for re‐certification, 
ranging from 3 to 5 years. Approximately 130,000 
private and 120,000 commercial applicators are 
re‐certified yearly.

The second area of regulation the EPA admin
isters is the Worker Protection Standard (WPS) 
(34). Enacted in 1992, the aim of the WPS is to 
protect farm employees from the adverse health 
effects of pesticide exposures. Family members 
working on their own farm are exempted. Unlike 
the OSHA standard, there is no minimum num
ber of employees required before the WPS 
applies. The standard includes required training 
for workers in pesticide safety and use of PPE 
(see Appendix A for details). In addition to train
ing, the employers must provide access to safety 
information for the chemicals used, insure workers 
are kept away from treated areas until safe, and, 
supply facilities and resources for decontamina
tion and emergency assistance.

The limitations of engineering approaches to 
eliminate or reduce hazards were discussed above. 
Regulations also have limited effectiveness as 
there are cultural and resource barriers to expand 
coverage to a larger percentage of the exposed 
population. Education, although lower on a 
hierarchy of effectiveness, is by far the most 
common intervention practiced. The following 
section will discuss the theory and methods of 
education that increase the potential for educational 
and training efforts to be effective in reducing 
injury and health incidents.

15.3.3  Education and Training for Safe 
and Healthful Behavior

Education for prevention in agricultural health 
and safety can be divided into education for 
health and safety professionals, and education 
for farmers, ranchers and their families and 
employees. These audiences differ substantively 
in culture and educational background. The 
approach of the trainer to delivery of the mate
rial, the expectations for outcomes, the receptivity 
of the audience, the expectations for under
standing and the use of education in prevention 
differ markedly.
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 Education for Health and Safety 
Professionals

Regarding professional education, agricultural 
medicine is an evolving specialty in the field of 
rural and occupational health and safety (49). 
Numerous publications have identified that most 
training in the medical and health sciences and 
safety includes little or no specific education in 
the field of agricultural health and safety (50–52). 
Professionals who deliver health care or safety 
services to agricultural populations need to know 
the unique hazards, farm culture, medical treatment, 
and prevention parameters required in order to 
best serve agricultural populations. Without this 
knowledge, the effectiveness of the education is 
compromised and unintended harm can occur, as 
documented by many authors (51). The National 
Agricultural at Risk Conference (United States) in 
1989 reported a need for agricultural medicine 
training of 8000 nurses, 1000 industrial hygienists, 
and numerous other health and safety profession
als at all levels, including physicians, mid‐level 
practitioners, safety specialists, veterinarians, and 
public health officials (52).

Recognition of the need for such agricultural 
medicine training was first acknowledged with 
a course for medical students and graduate 
students in rural health and agricultural medicine 
in 1974 at the University of Iowa College of 
Medicine (6). In 1995, an effort was undertaken 
to develop a national curriculum for occupational 
health nurses in agricultural communities (53). 
Continued development of a national curriculum 
has occurred with the building capacity program 
based at the University of Iowa (54–56). Two 
national consensus processes were held to develop 
and evaluate core topics and competencies for an 
interdisciplinary national/international 40‐hour 
core course in agricultural medicine for a broad 
range of health and safety professionals, including 
but not limited to healthcare providers, public 
health, veterinarians, and safety professionals 
(56). The building capacity course has expanded 
to nine states as well as Australia, Turkey, and 
Sweden. Recent advances have included a version 
of this core course being offered in conjunction 

with the annual conference of the International 
Society for Agricultural Safety and Health (ISASH). 
Evaluation of the translation of this training into 
the practice of agricultural preventive medicine 
has been positive (54, 55).

 Education of Farmers, Ranchers, 
and Farm Workers

Education has been the most common type of 
prevention intervention employed for agriculture 
producers and farm workers. The tradition and 
background of long‐term professionals involved 
in outreach to agricultural populations (e.g., 
extension), the lack of other health and safety 
professions, and understanding and application 
of other modalities of prevention, the culture of 
the agricultural population (they are receptive to 
education compared to more invasive or compre
hensive methods), and the relative ease and low 
expense of providing passive voluntary informa
tion rather than more comprehensive programs 
all contribute to its acceptance. However, as 
previously mentioned there is little evidence 
that awareness‐level “information only” programs 
result in significant long‐term improvement in 
injury and illness outcomes (57,  58). Wilkins 
reported that injury training for principal opera
tors had no relation to installation of ROPS (59). 
In one study, Westaby found safety knowledge 
negatively associated with agricultural injuries 
(60). Published reports of educational programs 
indicate that evaluation is difficult and often not 
conducted in a comprehensive manner because of 
lack of outcome data and controls (61,  62). 
DeRoo, Rautiainen, (58) and Lehtola and 
Rautiainen (63) conducted extensive reviews of 
prevention programs and found only a few educa
tional intervention programs that had been effec
tively evaluated or were scientifically controlled. 
Only a few have shown effectiveness in reducing 
injuries and illnesses. Most often, only limited 
evaluation was available, such as calculating the 
short‐term retention of information and 
increased short‐term use of PPE (64). Numerous 
prevention programs have been directed toward 
farm youths (65–67). Many assume that young 
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children are more amenable to behavioral change, 
with results carrying on into later life (63). There 
is also the assumption that children will bring 
safety information home to influence parents to 
adopt safer behaviors (69). However, the long‐
term outcome impact of education for youths 
on adults is difficult to track (70). Although 
these programs may have had a preventive effect, 
it is difficult to prove (71, 72).

On the other hand, education is well accepted 
by the agricultural community and fits with 
their cultural norms of independence and regu
lation‐adverse propensity. However, it is clear 
that education can assist in promoting health 
and safety only if it is beyond an awareness 
level  approach, is theory‐based, and is part of 
a  community‐based, integrated multimodal 
intervention (73–76).

The assumed aim of health and safety educa
tion for the agricultural community is to enhance 
adoption of health‐ and safety‐conscious behavior. 
However, as program evaluation has shown, this 
outcome is not a given. Research from the fields of 
educational and social psychology has developed 
several theories of how educational approaches 
can change human behavior. The following is a 
brief review of these theories and how theory is 
important to understand and include in the 
development of preventive education for the farm 
community.

 Educational and Social Psychological 
Theories of Behavior Change

All too often educational interventions are initiated 
assuming that if information is delivered, knowl
edge will be gained by the intended audience 

and behavior change will follow. Rautiainen and 
DeRoo’s review, along with other published 
manuscripts, reports that this outcome is unlikely 
(5,  57,  77,  78). It is important to incorporate 
information about how people learn and adopt 
new behaviors in all educational interventions.

Two major approaches to learning and behav
ior adaptation are behaviorism and cognitivism/
constructivism (79–82). A general overview 
of  these theories can be helpful in designing 
intervention programs for supporting farmer 
health and safety.

Behaviorism posits that learning and behavior 
adaptation results from positive and negative 
reinforcement. It supports the notion that 
rewards and disincentives can encourage adop
tion of specific behaviors. Incentives help people 
strengthen existing behaviors or support the 
development of new behaviors by providing 
rewards. Use of disincentives or penalties can be 
effective in managing behavior, but in general 
they do not strengthen the development of inde
pendent thinking or self‐sufficiency (80).

In contrast, in constructivism or cognitivism 
theory, the learner accesses prior knowledge, 
compares it to new information, and decides to 
integrate or reject one or the other. The learning 
process then is a complex one that may call for 
disruption of old learning to accommodate new 
information (79).

These theories help us understand how a 
person can learn or modify their behavior. Many 
of the individual theories have been analyzed and 
modified over time to accommodate new find
ings. Table 15.4 compares behavioral theories to 
constructivism/cognitivism and provides examples 
of some specific agricultural health and safety 

Table 15.4 Models of educational/behavioral change theory (79–85)

Constructivism/cognitive theories Behavioral theories

•	 Extended parallel‐processing model
•	 Health belief model
•	 Precede/proceed model
•	 Public health model
•	 Review of multiple behavioral change theories
•	 Social cognitive theory
•	 Theory of reasoned action/theory of planned behavior

•	 Behavioral‐based safety
•	 Community organization theory
•	 Diffusion of innovations theory
•	 Ecological/social ecological model
•	 Transtheoretical model (stages of change)
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interventions that have incorporated these theo
ries (79–84). The following paragraphs describe 
specific models of either cognitive or behavioral 
dimensions.

The health belief model (based on cognitivist 
theory) is perhaps the most common model used 
in agricultural health interventions. This model is 
based on education that facilitates understanding 
risk in the work environment, the benefits of 
adopting change, and ways to overcome barriers 
to adopting change. The change occurs as the 
learner weighs the balance between the risk and 
benefit of adopting the change. Elements of 
behaviorism have been incorporated in some 
health belief model applications, as incentives may 
be added as persuasion to support the benefit side 
of the equation, offering a clear course of action 
at acceptable costs and supporting the learner 
to take action. Social learning theory includes the 
elements of cognition and behavior of the 
Health Belief Intervention (79, 80). Social learn
ing is learning by observation, imitation, and 
modeling. Evidence that social theory learning 
and behavioral mentoring transpire naturally on 
farms is reported in a 2010 publication entitled 
The Farm Apprentice: Agricultural college students’ 
recollections of learning to farm safely (85). This 
research showed that the major determinants 
of beliefs, attitudes, and behavior of farm youth 
about farm safety was obtained through obser
vation and modeling of their parents (85). The 
attitudes and behaviors of peers and other com
munity members also influence social learning. 
The social learning concept can also be incorpo
rated with other cognitive learning and behavior 
theories. Program examples which combine social 
learning with the health belief model include:

1. respiratory health protection in swine confine
ment workers (86, 87)

2. the Certified Safe Farm program (88, 89)
3. tractor risk abatement and control (24)
4. farm safety walk about (90)

While it is important to understand theories of how 
individuals learn and then adopt newer safe and 
healthy behaviors, these theories are based on research 
with individuals as opposed to population groups. 

They address specific hazards, such as safe opera
tion of tractors and ATVs, work with animals, 
wearing hearing protection, etc. For general 
broad‐scale population prevention programs to 
improve health and safety, more than just indi
vidual theory application and interventions that 
target multiple hazards rather than limited hazards 
(e.g., hearing only) are required. For example, 
some studies suggest that farm health and safety 
interventions are enhanced if there is peer 
pressure to adopt preventive practices (83,  84). 
A comprehensive review of farm health and safety 
interventions shows that the greatest success is 
achieved when using well‐designed, comprehensive 
programs that are theory‐based, use multiple 
modalities, and have integrated program preven
tion interventions (58, 63). Three newer concep
tual approaches incorporating all these elements 
are the Population Health Approach (83,  84), 
the One Health Approach, and the Total Worker 
Health program (91). The Population Health 
Approach focuses on addressing the variety of 
socioeconomic and environmental variables that 
affect the health of all people in a community. 
Szreter (92) eloquently describes its history, 
which dates back to the Industrial Revolution in 
the early and mid‐1800s. The Population Health 
Approach focuses on the health disparities 
between lower and higher socioeconomic classes. 
It is well described by the Canadian National 
Public Health Agency as a “collaborative, multi
disciplinary integration of social, economic, 
mental, physical, clinical, and environmental 
health; with shared responsibilities and multiple 
strategies” (93).

The One Health Approach, originally described 
by the veterinary public health epidemiologist 
Calvin Schwabe in the mid‐1960s, is a co‐equal, 
collaborative effort between the veterinary and 
human health professions. Its goal is to improve 
population health through collaborative research 
and practice among the various health disciplines. 
The One Health Approach has become interna
tional in scope (94).

Total Worker Health is an approach defined 
by the US Center for Disease Control (CDC), 
National Institute for Occupational Safety and 



Chapter 15 Prevention of Illness and Injury in Agriculture 519

Health (91). It stems from the 2004 national 
symposium Steps to a Healthier Workforce and a 
second symposium, Worklife 2007. The latter 
resulted in the CDC funding centers of excellence 
for total worker health, of which there are now 
four. Total Worker Health integrates general 
health promotion with occupational health 
prevention. It is multidisciplinary and aims to 
integrate social, physical, mental, behavioral, and 
occupational health and safety.

Translation of theory to effective education 
for behavioral change is discussed later in this 
chapter as a component of the Iowa Model 
of Multiple Modalities. This experiential‐based 
model combines elements of cognitive and 
behavioral theories. The goal of the model is to 
simplify translation of theory into effective 
programs.

15.3.4  Application of Personal 
Protective Equipment

PPE includes devices and materials to protect 
workers from exposure to various substances and 
physical factors. It includes protection equip
ment for the respiratory system, hearing, eyes, 
head, feet, and skin. As mentioned previously, 
PPE should not be a first or only prevention 
method, as it may not be protective for a variety 
of reasons and in some cases may actually cause 
harm (e.g., excess cardiorespiratory stress, heat 
stress, and interference with visual or audible 
hazard warning). The following lists potential 
barriers that require management to help ensure 
effective protection without causing harm (see 
Appendix A for details):

1. PPE is often uncomfortable and hot, putting 
additional physical workload on the person 
and possibly increasing the risk for heat stress.

2. PPE (hearing and respirators) can create diffi
culty in communication, e.g. talking and 
being understood.

3. Respirators may present a medical risk to 
those with a cardiorespiratory ailment or those 
with claustrophobic tendencies.

4. Training, experience and monitoring are 
necessary to ensure the worker has the correct 

respirator for the particular exposure, and that 
the respirator is worn and fitted properly.

5. Wearing a respirator may produce a false sense 
of security, resulting in the worker allowing 
unhealthy exposures (e.g., PPE may not be com
pletely protective if it is not the correct PPE for 
the exposure, is incorrectly fitted and worn, is 
not maintained or does not function properly).

6. PPE must be conveniently available at the 
exposure site or it will not be worn at all.

7. Convenient PPE supply and knowledge of use 
of PPE are rare in rural areas.

8. Cultural factors may create barriers for work
ers to wear PPE (e.g., not peer supported);

There are few situations in agriculture where OSHA 
regulations require use of PPE. The exceptions (US) 
are those operations with more than 10 employees, 
where an OSHA permissible exposure limit (PEL) is 
exceeded, where there is evidence of a hazard from 
science‐based information, or the employer provides 
or advises their workers to wear PPE. If either of the 
latter two occurs with respiratory or noise exposures, 
then an OSHA‐approved respiratory or hearing pro
tection program would have to be instituted. Such 
prescribed programs invoke considerable expense 
and resources to institute and manage.

Although PPE does have an appropriate place in 
many agricultural operations, because of all the 
caveats mentioned above it should be considered 
secondary or as an adjunct to source control among 
other components of a control program.

The appropriate selection and use of PPE in a 
prevention program requires substantial knowl
edge and understanding of the basic principles of 
their application. In order to not detract from the 
flow of information provided in this chapter, 
details of proper selection, use, cost, acquisition, 
and further resources are given in Appendix A 
(which follows Chapter 15).

15.4  Specialized Health and Safety 
Disciplines

The hierarchy of preventive measures described 
above to improve the health and safety of agricul
tural workers and their families would remain an 
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abstraction without specialized professionals to 
implement proactive programs. Several profes
sional specialties play important roles in imple
menting preventive measures. These include 
those from the areas of occupational safety (safety 
engineering, human factors engineering, safety 
specialists) and public health (public health prac
tice, industrial hygiene, ergonomics, occupa
tional and primary health care, and professionals 
in education and social psychology). The follow
ing paragraphs describe the contributions of these 
professionals to agricultural health and safety.

15.4.1 Safety Professions
Safety engineering involves the design and devel
opment of devices that eliminate or reduce the 
risk of an injury should a hazardous event occur. 
The design and development of ROPS (which 
manufacturers agreed to install on new tractors) 
is an excellent example of effective safety engi
neering. Development of the “lock and load” sys
tems eliminated the necessity for a farmer to 
handle insecticides applied with the seed in a 
corn planter.

Human factors engineering has similarities to 
ergonomics, which are discussed later. It is a com
bination of the sciences of engineering design, 
psychology, human anatomy, and physiology. It 
focuses on designing machines that can be oper
ated effectively and safely by a person based on 
their cognitive and physiologic capabilities, rather 
than trying to make the person conform to the 
machine. Examples of human factors engineering 
in agriculture include the design of the cabin of a 
tractor in which the gauges, lights, warning 
devices, and controls are displayed so that the 
operator can readily see and operate the machine 
in a safe and productive manner. As more machin
ery is used in crop production, applied human 
factors engineering in the design of machines 
becomes increasingly important to the safety and 
health of the operator (88).

Safety professionals are people who practice 
safety prevention using a variety of techniques. 
The education and training of workers is a com
mon method. Risk management and control 

involve an in‐depth investigation of an operation 
to assess the sources of hazards, prioritize risks, 
and design a management‐based, economic pro
gram application to reduce the risk. This is an 
emerging concept in production agriculture as 
promoted and developed by safety specialists and 
insurance companies. Certified safety profession
als have been shown by examination to have 
attained a high degree of knowledge about safe 
practices and procedures in a variety of industrial 
applications.

Extension professionals appeared very early 
in the history of agricultural health and safety. 
For several years the US Department of 
Agriculture provided a small amount of money 
to the States Extension Service to provide safety 
training. Extension efforts today include pro
viding training to youth tractor and machinery 
safe operation (HOOA), pesticide applicator 
certification training, and general safety educa
tion programs.

 Public Health Professions: Occupational 
Health Research and Practice

The public health approach to agricultural health 
and safety is increasingly used in various industri
alized countries (91–93). In a similar approach to 
engineering, the public health approach to injury 
and illness prevention assumes that people will 
make mistakes sometimes. However, public 
health proposes different ways of overcoming 
human error. Public health includes a broad con
cept of health, including physical health, mental 
health promotion, disease, injury and disability 
prevention. Public health integrates several scien
tific fields, including surveillance, epidemiology, 
health behavior, social marketing, and evaluation. 
Program evaluation is a key principle of public 
health, as evaluation results are used to improve 
interventions (16). Surveillance is critical to 
understanding the size and nature of the problem 
and also to measure the success of an interven
tion. Examples of interventions that contain ele
ments of a public health approach are given in 
references 95–103 (specific surveillance data are 
discussed in Chapters 1 and 11).
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Epidemiology is a critical component of the 
public health approach. Although traditionally 
applied to infectious diseases and other health 
concerns, William Haddon is credited as the 
first person to apply epidemiologic principles to 
injury investigation (104). L.W. “Pete” Knapp 
was perhaps the first person to apply epidemio
logic principles to agricultural injuries (105). In 
its simplest form, application of the epidemiologic 
approach to injuries the discovery and integration 
of three basic components of causation contrib
ute to an injury event (106):

1. human behavior
2. faulty attributes of the machines being used
3. the environment (e.g., adverse weather, dis

tractions, etc.)

These three components are often referred to as 
“man, machine, environment”.

Observational epidemiology or simple 
descriptive epidemiology provides clues to the 
causes of an event. Analytical epidemiology 
involves the study of many events, the interac
tions of those events, the establishment of rates, 
and statistically significant risk factors based on 
analysis of multiple variables. Once risk factors 
are understood, interventions can be specifically 
designed to control them. The public health 
epidemiologic approach rejects the notion that 
injuries are caused by “accidents” (i.e., uncon
trollable acts of God). Thus public health rejects 
use of the term “accident” as it denies the reality 
that all injury events can be prevented. Expanding 
on the man, machine, environment analysis, 
Haddon (104) proposed a matrix to study injury 
events. He suggested that these factors can be 
analyzed at various times of the event, that is, 
pre‐event, event, and post‐event, thus identify
ing the controllable areas to prevent future 
injury events.

Social marketing is another tool used in  public 
health to promote wellness. Social marketing 
adapts concepts from commercial marketing to 
promote behavior change (107, 108). Commercial 
marketing attempts to create a change in behav
ior so that people will buy a certain product or 
service. Social marketing attempts to sell an idea 

that will create a specific health behavior 
change. This concept is just beginning to be 
used in agricultural health and safety in a more 
formalized manner (107). Because of the lack 
of regulations and enforcement, delivery mech
anisms for retrofitting newer engineering con
trols and evidence of effective awareness‐level 
education programs, agricultural health profes
sionals believe that social marketing may con
tribute to the prevention of agricultural illnesses 
and injuries.

The Tractor Risk Abatement and Control: 
the Policy Conference workshop (23) called for 
social marketing as an important tool to pro
mote installation of ROPS on tractors and to 
discourage extra riders on tractors and other 
machines. A more recent document on tractor 
safety, the National Agricultural Tractor Safety 
Initiative, also called for social marketing as a 
tool to enhance installation of ROPS on tractors 
(109). Social marketing has been used effec
tively in other public health applications such as 
sun protection (Australia) and anti‐smoking 
campaigns (most industrialized countries). 
However, the success of social marketing in agri
culture remains questionable. One agricultural 
social marketing program aimed to decrease pes
ticide exposures in horticulture workers resulted 
in little evidence of reduced illness or exposure 
(76). However, there are several other social 
marketing programs in the planning process, 
and evaluation of these programs will help guide 
such efforts in the future.

One disadvantage of social marketing is that it 
is expensive. In order to affect a large number of 
people, or a large geographical area, expenditures 
can easily reach millions of dollars. In addition, it 
takes a long time to see the results of social mar
keting; perhaps as long as 5–10 years to detect a 
difference. The amount of money and long‐term 
commitment to such a project is beyond the 
reach of most agricultural health and safety 
programming.

Surveillance is another important public health 
approach to prevention in agricultural health and 
safety. It was initiated by the US NIOSH and 
DOL. Examples of programs that emphasized 
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surveillance include Farm Family Health Hazard 
Surveillance and Nurses Using Rural Sentinel 
Events. Other examples of larger public‐health‐
based programs include Iowa’s Center for 
Agricultural Safety and Health (I‐CASH) (110), 
the Agricultural Health and Safety Section of the 
California Department of Health Services (111), 
and NIOSH’s Fatality Assessment (112). These 
programs integrate surveillance, epidemiology, 
industrial hygiene, and ergonomics. More details 
of these programs are given in Table 15.2.

Industrial Hygiene

Industrial hygiene is a public health profession 
that integrates engineering, chemistry, physics, 
engineering, and biology. The methods used to 
control hygiene problems are multifactorial and 
include the identification and removal of the 
source of hazardous agent(s) by changing work 
practices or processes, ventilation, and/or proper 
selection and use of PPE. Examples of the use of 
industrial hygiene principles in agriculture 
include:

•	 measurement of dust and gas exposures in 
livestock confinement buildings

•	 designing and evaluating oil‐sprinkling systems 
to suppress dust in livestock buildings (108)

•	 replacing hazardous chemicals with less toxic 
substitutes such as the replacement of 
organophosphates with microbial insecticides 
or genetically‐modified resistant crops

•	 evaluation of respirator effectiveness for work 
in livestock confinement buildings.

The industrial Hygiene Profession began in 1904 
when the US Public Health Service established 
training for it (114). Since that time, industrial 
hygiene has developed into an internationally 
recognized profession with the objectives of:

•	 recognition of the relationship of hazardous 
exposures to health in the workplace

•	 measurement and evaluation of hazardous 
agents

•	 formulation and implementation of a plan to 
control or eliminate the hazard.

Industrial hygienists have great potential to effect 
change in agricultural health and safety. The 
Agriculture at Risk Report indicated that up to 
1000 hygienists could be used in the United 
States to address the issue of agricultural occupa
tional health and safety. However, as few indus
trial hygienists currently practice in the agriculture 
industry, resources and specific training in 
agricultural health have not been sufficiently 
developed (52, 115).

The University of Iowa is the only known 
program that provides specific academic training 
of hygienists for agriculture (116).

Application of PPE has been a special area 
of  industrial hygiene from the technical stand
point. Use of PPE is emerging rapidly in pro
duction agriculture and can be an important 
component of an overall prevention program. 
However, there are important guidelines and 
caveats to safe and effective use of PPE, as dis
cussed in Appendix A.

Ergonomics

Ergonomics focuses on the physical work envi
ronment and prevention of musculoskeletal 
diseases caused by repetitive motions, adverse 
postures, and other excess stresses on the mus
culoskeletal system. The primary approach 
begins with assessment of work tasks relative to 
the physical demands on the worker, and 
 proceeds to designing modifications to the 
machine or processes, physical activity, and 
tools of work to accommodate the physiology 
and anatomy of the worker. Historically, the 
major application of ergonomics in agriculture 
has been in repetitive manual labor in fruit and 
vegetable growing where farm workers are 
tasked with long hours of stooped labor and 
other stressful postures in planting, tending, 
and harvesting processes (35). Recent changes 
in agricultural work present new opportuni
ties for ergonomic applications in agriculture. 
As agriculture becomes more industrial in 
scope, specialization and repetition of work 
tasks has increased (e.g., large dairy farms, 
pork‐producing operations, intensive crop 
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production), resulting in increased repetitive 
motion injuries (117, 118). Further challenges 
include the increasing number of women 
 working in agriculture, where work tasks and 
 processes have historically been accomplished 
by men with different physiologic and ana
tomic characteristics and tolerances (114). The 
limitations of ergonomic solutions include fit
ting ergonomic interventions to the beliefs, 
culture, and prior practices of the workers. For 
example, to reduce back strain in field workers, 
long‐handled hoes have been recommended to 
replace short‐handled hoes. However, in several 
instances the workers rejected the long‐handled 
hoes because they believed they could do a bet
ter job of weeding the crop with the short‐han
dled hoe (even at the expense of extra strain on 
their backs) (119).

 Occupational Medicine and Primary 
Health Care

Prevention in health care for the agricultural 
workforce is best implemented in primary care 
occupational health services. Such services com
bine a variety of preventive as well as clinical 
services.

Occupational health services generally began 
to evolve in the late 1940s. They provided 
pre‐employment physical exams, acute medical 
treatment of injuries and illnesses, surveillance, 
medical screening, and education of workers on 
occupational exposure risks and prevention. By 
the 1950s, many of the larger industries included 
occupational health services as a part of their 
worker health programs.

In Scandinavia in the late 1970s it was recog
nized that many small business workers, includ
ing farmers, did not have adequate access to 
occupational health services. The staff of the 
acute care medical services lacked the training or 
interest to detect and treat illnesses caused by 
occupational exposures. As a result, small indus
try‐specific occupational health services began 
to evolve. In 1978, the Swedish Farmers 
Occupational Health Service (Lantbrukshälsan) 
was instituted (120). This voluntary program 

developed with support from the Swedish 
Farmers’ Union, the government health service, 
and the individual farmer, with each paying a 
third of the cost. An estimated 40 clinics were 
established around the country, serving 40% of 
all farmers. These clinics were locally managed 
by trained nurses and staffed with industrial 
hygiene technicians and physical therapists. 
Unfortunately, the Swedish program ended in 
2002 as a result of financial difficulty. However, 
the Swedish Farmers’ Union still employs a per
son who deals with occupational health issues. 
They also have a funding mechanism that allows 
them to conduct agricultural occupational 
health research.

A program similar to the original Swedish one 
was developed in Finland in 1979. This program 
was integrated into existing municipal health 
service clinics in rural farming areas (approxi
mately 350 healthcare clinics) (121). As of 2006, 
these services reached 41% of the farming popu
lation (40,000 people). The healthcare staff began 
receiving training in agricultural medicine in 
1981. On‐farm safety audits are slowly progressing 
in this service.

In 1987, the Iowa Agricultural Health and 
Safety Service Program was founded in at 
Iowa’s Institute of Agricultural Medicine (now 
the Institute for Rural and Environmental 
Health, University of Iowa) (122). Modeled on 
the Swedish and Finish systems, these clinics 
were managed by nurses, with assistance in 
industrial hygiene and medicine from the 
University of Iowa. Twenty clinics associated 
with either rural hospitals or county health 
departments emerged across the state, serving 
farming communities within their region and 
providing clinical screenings, occupational 
health consultation, and selection and fitting 
of PPE. The Agricultural Medicine Training 
program at the University of Iowa was devel
oped to train the health and safety profession
als serving these clinics. The name of the 
program was later changed to the AgriSafe 
Network. In 2003, AgriSafe Network became a 
not‐for‐profit corporation to accommodate a 
growing national and international audience 
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(123). North Carolina and Nebraska adopted 
the AgriSafe model, and have been developing 
and expanding these services since 2010. In 
2012, the AgriSafe Network changed its focus 
from initiating and facilitating local clinics to 
educating health professionals in agricultural 
medicine.

The Norwegian Farmers’ Association for 
Occupational Health and Safety (NFAOHS) 
was established in 1994 (124). It is funded and 
managed by the Norwegian Farmers’ Union 
and the Norwegian Farmer and Smallholder’s 
Union, in partnership with the Department of 
Agriculture. Staffing is similar to that described 
for the programs in Sweden, Finland and the 
United States. The individual clinics are associ
ated with state‐run clinics in the region. The 
integrated services offered by these occupa
tional health services have been universally well 
received by the farmers. The farmers appreciate 
being seen by health professionals who under
stand agriculture and empathize with the 
 difficulties and exposures inherent in their 
occupation.

Most of these services have not been in place 
long enough to measure long‐term results. 
Nevertheless, most have shown success in increas
ing the use of PPE and reducing healthcare costs 
(6). The Lantburkshälsan organization in Sweden 
showed a reduction in noise‐induced hearing 
loss in the farm population from 25% to 50% 
through the introduction of widespread use of 
hearing protection (18). A reduction in cardio
vascular diagnoses and higher scores in a num
ber of wellness measures was seen in farmers 
using the occupational health service compared 
to farmers not using such a service (125). 
Furthermore, the AgriSafe clinic network in Iowa 
has employed the Certified Safe Farm program, 
which encourages farms to achieve a defined 
standard of safety and wellness. This program has 
shown a combined decrease (compared to con
trols) in self‐reported out‐of‐pocket medical 
expenses and payouts by insurance companies for 
occupational injuries and illnesses of 27%. It has 
also shown a significant reduction in an acute res

piratory and systemic condition called organic 
dust toxic syndrome. (The Certified Safe Farm 
program is discussed in depth later in this chapter 
as an example of a multimodal intervention 
program.)

Other intervention research projects have 
included on‐farm safety inspection. Rasmussen 
reported on a Danish intervention research 
project that had two elements of an occupa
tional health service (an on‐farm safety audit 
and in‐depth education) (126). The reported 
results of this study included a 23% reduction 
in all injury rates and a 40% reduction in more 
severe (medically treated) injuries. The Farm 
Safety Walkabout program, developed by 
Iowa’s Center for Agricultural Safety and 
Health, is designed as a video‐guided activity 
for children and parents to walk around the 
farm and identify and remove hazards. Legault 
and Murphy (127) developed a self‐inspection 
guide for farmers to find and remove hazards 
around the  farm. Murphy developed a web‐
based program based on a self‐audit called the 
Fa rm/Agr i cu l tu r a l /Rur a l /Managemen t 
Hazard Anal ysis Tool (FARM‐HAT) (128) 
Two Finnish researchers (129) reported on 
a  project comparing farm inspections by 
farmer  peer groups and trained professionals. 
Evaluation revealed that the farms visited by 
the peer group resulted in more improvements 
on the farm.

Many farmers believe their healthcare system 
is failing them when it comes to occupational 
health concerns (14). While farmers think 
their providers do not know, understand, or 
care about their farm exposure hazards (130), 
medical care providers and veterinary practi
tioners can have a positive effect on the health 
and safety of their farm clients without mark
edly changing practice patterns (78,  130). 
Veterinarians tend to have credibility with the 
farm community as sources of human health 
information (14). Table  15.5 shows 12 ways 
practitioners can expand their farm health 
and  safety work with patients or clients 
(49, 123, 130–132).
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15.5 Multimodal Interventions

Although the total numbers of agricultural inju
ries and fatalities has declined over the past 30 
years, the rate of fatalities has not changed a great 
deal. Even with the excellent work of many health 
and safety professional practitioners and research
ers, the outcomes have not resulted in as much 
improvement as might have been expected. The 
evidence base suggests that the way forward is to 
raise awareness of this lack of improvement in the 
risk from agricultural injuries and illnesses, and 
prepare a multidisciplinary group of professionals 
to challenge this concern in their daily work to 
design and implement more comprehensive 
broad‐scale multimodal interventions based on 
science‐based theory, cultural norms, and build
ing on past experience and interventions that 
are well designed and rigorously evaluated with 

positive outcomes. That goal is the essence of the 
remainder of this chapter.

The six European and American programs 
listed below meet the key criteria of being com
prehensive, utilizing multiple modalities, and 
having integrated preventive programming. These 
programs will be reviewed as examples of poten
tial future programs to build on or from. All are 
multimodal and include components and con
cepts of behavioral and/or cognitive/constructive 
behavioral change theory, population, commu
nity health‐based, and broad‐based prevention. 
They provide important models for long‐term 
improvement in the overall health and safety of 
the agricultural community. The programs are:

1. farm health programs in Finland and Norway
2. Respiratory Disease Prevention in Swine 

Confinement Workers

Table 15.5 Checklist to help health and safety practitioners to implement individual or local community 
health and safety interventions with patients or clients (49,123,130–132)

1.  Develop a working knowledge of local agriculture by asking farm patients questions about it, visiting their farms, 
talking to local Extension agents, and reading farm magazines.

2.  Learn about individual patients’ farms or ranches. Ask them questions about their operations in order to determine 
their specific risks and develop appropriate occupational health histories for the primary operator and their family. This 
will help the practitioner anticipate possible occupational health issues, as well as strengthening patient/client relations 
by demonstrating an interest in the individual’s farming operation and health.

3.  Be a source of information and referral for patients or clients. Make current pamphlets and brochures available. Identify 
key websites that provide up‐to‐date information.

4.  Keep current with advances in agricultural production and economics by regularly reading farm magazines and 
newspapers.

5.  Subscribe to one or more of the scientific journals that deal primarily with agricultural health issues, for example Journal 
of Agromedicine, Journal of Agricultural Safety and Health, International Journal of Agricultural Medicine and 
Environmental Health, and Journal of Industrial Medicine.

6.  Promote local farm health and safety events and programs such as Farm Safety Day Camps. (128)
7.  Communicate and consult within your interdisciplinary health community (veterinarians, physicians, physician 

assistants, nurses, etc.) about your patients and clients. For example, if a physician has a patient with an unusual 
infectious disease, a call to his/her veterinarian may help pinpoint a zoonotic disease that may have come from the 
patient’s farm.

8.  Get to know and consult with other non‐medical professionals in your community, such as your county or area 
Extension agent, your state agricultural safety specialist, vocational agricultural teachers, and 4h staff. They can provide 
information and assist in putting on farm community prevention programs for patients/clients.

9.  Facilitate development of community farm health and safety organizations, such as Farm Safety 4 Just Kids (129) and 
AgriSafe Network (119) (see Table 15.1).

10.  Become active in a local, state, national, or international organization for agricultural health and safety.
11.  Understand the culture and lifestyle of the farm patient population and implement wellness promotion as part of your 

services for the farming population.
12.  If there are migrant or seasonal workers in the practice catchment area, become familiar with resources to assist with 

cultural, translation, and transportation barriers.
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3. AgriSafe and Certified Safe Farm programs in 
America

4. Sustainable Farm Families in Australia
5. farm safety programs without medical com 

ponents
6. farm‐based wellness program.

15.5.1  Farm Health Programs in 
Finland and Norway

Comprehensive total farm health and safety pro
grams began in Sweden and Finland in the late 
1970s (120,  121). Norway established such a 
program several decades later (124). These pro
grams include farm audits with technical support 
to correct safety hazards. They are comprehensive 
total worker health programs which supply PPE 
and provide farm community education pro
grams, farmer wellness programs, and farm occu
pational health screening. Physicians, nurses, and 
safety technicians (e.g., safety specialists and/or 
industrial hygienists) work collaboratively to 
implement them.

15.6  Respiratory Disease 
Prevention in Swine 
Confinement Workers

The principles of the total worker health 
approach were also implemented in the Iowa 
Respiratory Disease Prevention in Swine 
Confinement Workers program (86, 87). Peer‐
group educational programs and farm audits 
with technical support to remedy hazards were 
combined with wellness and occupational 
health clinical screening and personalized 
health coaching (49, 79).

15.6.1  AgriSafe and Certified Safe 
Farm Programs in America

The Iowa Health and Safety Service Network 
(now the AgriSafe Network) was established to 
provide wellness services, clinical screening, 
and education on agricultural health and safety 

to farm families (122). The Certified Safe Farm 
(CSF) program combines the health service and 
wellness components of the AgriSafe Network 
with a technical checklist‐driven third‐party 
audit, peer‐group education, and incentives for 
the attainment of specified safety goals (88, 89). 
This comprehensive program combines the 
educational and behavioral theories of the 
health belief model, the reasoned actions and 
planned behaviors of the cognitivism model, 
and social learning theory. Behavior theory is 
also involved through the offer of a $200 incen
tive, awarded if participants meet the health 
and safety goals of the program to become a 
Certified Safe Farm. A fundamental concept of 
the CSF program is the cultural and economic 
reality that the base goal of a business model of 
most farms (and most non‐farm businesses) is 
to make a profit. Health and safety are inte
grated as a component in that model. A funda
mental goal of the CSF program is to make 
health and safety an added value component 
(that is self‐evident to the producer) of the eco
nomic bottom line of the farm). Using Maslow’s 
theory of hierarchy of needs (133) as a predic
tion model, achievement of a higher order of 
farm economic and family sustainability can 
be built if health and safety is at the base. 
Figure 15.2 suggests a model of farm sustaina
bility and can be enhanced through incorporat
ing the health and safety of the primary 
operator, family, and employees. Direct input 
into the economic bottom line can and should 
come from the reduced costs of health and cas
ualty‐related insurance (lower medical costs 
should bring lower premiums). Furthermore, 
farm service, supply, machinery dealers, and 
farm lenders should offer the sustainable opera
tions rewards benefits as preferred customers. 
A second model incorporated in the CSF program 
comes from Andrew Savitz, who posits that the 
sustainability of a business has three compo
nents (paraphrased from Savitz): (1) healthy 
farmers, families, and workers, (2) a healthy 
economy, and (3) healthy farming practices 
that do not pollute the environment. The CSF 
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program advocates that healthy farmers, families, 
and workers are important components of a 
sustainable business model (134).

The CSF program requires participants to 
reach a defined level of performance in removing 
safety hazards in order to attain CSF status. 
Incentives for certification include potential 
insurance discounts and discounts on agricultural 
production inputs such as feed, seed, and farm 
loans. The CSF program includes components of 
all methods displayed in the hierarchy of preven
tion model (Figure 15.1). Standards of safety are 
set and trained CSF auditors both rate the farms 
and assist the farmers in making corrections so 
they can become certified. For example, an audi
tor could help a farmer obtain the required safety 
equipment and the specific PPE they need to 
become certified. The CSF farm must have a 
health and safety plan with goals that are based 
on science and input from the farm operators/
managers.

The CSF healthcare professional (usually a 
nurse or other mid‐level practitioner) must be 
trained in agricultural medicine since they con
duct the clinic screenings, review the screening 

results, and develop a personal/family health and 
occupational exposure control plan for the spe
cific farm operation. The healthcare professional 
will contact the client to discuss progress on the 
plan and wellness goals during the year.

Trained CSF program auditors have an 
 agricultural background, which enables them to 
develop on‐farm intervention plans that are 
 practical and within the economic, social, and 
cultural reference of the farm family. They can 
assist the farmer to make safe changes that are 
low cost. They may also connect farmers with 
resources such as the New York Center for 
Agricultural Medicine and Health or the Farm 
Bureau. Some states (e.g., Virginia) will provide 
monetary assistance to farmers to help finance a 
new ROPS for a tractor. Positive outcomes of the 
CSF program include a sustained increase in the 
use of PPE, reduced respiratory illnesses, impor
tant farmer‐responsible removal of on‐farm safety 
hazards, reduced medical care costs, and a reduc
tion in serious farm injuries (88, 89, 135).

CSF is a total worker health program founded 
in Iowa that has now been implemented in North 
Carolina (88), Wisconsin (89), and Nebraska.

Healthy
future

Family/workers
directly

assisted by
health and

safety behavior

Sustainability:
directly assisted

by health and
safety behavior

Making profits: directly assisted
by health and safety behavior

Figure 15.2 Incentive‐based behavioral change prevention programs aim to make health and safety 
a value‐added product on the farm. The incentives are insurances, chemical and machinery dealers and 
lenders.
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15.7  Sustainable Farm Families in 
Australia

The Sustainable Farm Families program in 
Australia is another total worker health program 
that includes clinical wellness screening and peer‐
group educational workshops for both wellness 
and agricultural illness and injury prevention. 
This program combines the cognitivism theory 
of planned behavior and reasoned action along 
with social learning theory (136). However, the 
program differs from the CSF program in that 
there is no third‐party on‐farm safety audit and 
technical assistance component.

15.7.1  Farm Safety Programs Without 
Wellness Components

The following are two examples of farm safety 
programs that are comprehensive and multi
modal but do not have wellness components:

1. the Farm Injury Prevention program in 
Denmark (126)

2. the Farm Agricultural Rural Management–
Hazard Analysis Tool (FARM‐HAT) (128).

The Pennsylvania State University Extension 
Program in America uses a FARM‐HAT with 
farmers. It is a web‐based program based on a 
checklist to guide farmers through a process 
of hazard detection, control, and development of 
a general farm safety plan. Although there is no 
wellness component to FARM‐HAT, it does 
incorporate components of the cogniti vism the
ory of planned behavior and reasoned action.

15.8 Farm‐based Wellness Program

The Rural Health Initiative is a notable farm well
ness program that conducts farm (home) visits to 
provide health screening and health coaching (86). 
This US program, based in the state of Wisconsin, 
primarily offers wellness  services. However, the 
farm safety hazard audit component of the CSF 
program has been trialed successfully and is now 
an optional component of the program (130).

15.9  Developing Comprehensive 
Prevention Programs

Comprehensive programs are essential for the overall 
improvement of health and safety on farms. Based 
on 25 years of field experience of implementing vari
ous levels and types of intervention programs, Iowa’s 
Center for Agricultural Safety and Health put forth 
a conceptual model that could be considered for 
others interested in designing new comprehensive 
interventions. This model is called the Iowa Model 
of Integrated Multimodal Prevention Intervention.

15.10  Iowa Model of Integrated 
Multimodal Prevention 
Interventions

This multimodal approach combines basic principles 
from the fields of safety education, social and educa
tional psychology, cognitive and behavioral theories, 
public health, wellness, clinical medicine, epidemi
ology, engineering, industrial hygiene, ergonomics, 
and regulation. Integration of these principles is 
used to accomplish the goals of this model:

1. education to facilitate behavior change
2. removal of health and safety hazards on the farm
3. establishment of individual farm‐specific goals 

for health and safety
4. improvement of the overall health and safety 

of farm property, livestock, and equipment
5. improvement of the overall sustainable eco

nomic base of the farming operation
6. development of total worker health for pro

ducers, their families, and workers.

In order to simplify and translate these theories and 
principles, we propose a model equation (Figure 15.3) 
that supports inclusion of as many of the listed 
variables as possible in the design of an intervention. 
Table 15.6 is a checklist that can be used to assist 
inclusion of these principles in an intervention. 
Numerous studies in the aviation and healthcare 
fields have shown the effectiveness of the use of 
checklists to help overcome the human deficiencies 
of forgetfulness and lack of attention to detail (137).
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15.11  Education to Facilitate 
Behavior Change

Earlier in this chapter we discussed the evidence 
of the failure of awareness‐level education in the 
prevention of agricultural injuries and illnesses. 
Based on prior research, education can be effec
tive if it is delivered with certain parameters, and 
especially if it is a component of a multimodal 
intervention. This section describes the parame
ters that will enhance the probability of an effec
tive educational intervention.

Figure 15.3 suggests that an education program 
will not necessarily lead to an attitude change and 
a long‐term safe and healthful behavior change. To 
facilitate the desired outcome, several elements (as 
many as possible) must be incorporated into the 
program as follows. An education program should 
be personal (e.g., on your farm, with an unguarded 
open manure pit, the risk of your child falling and 
drowning in that pit is 10%). The farmer must 
take ownership of the problem. The educator can
not remove hazards; only the farmer can do that.

Promoting safe work behavior
knowledge + attitude = behavior

Personalization
Knowledge

Health

Environment

Social support

Family

Peers

Community

Repetition
Evaluation

Modification

Dissemination

Technical support
IH services

Equipment

Follow-up

Ownership Goals

Incentives

Regulation

Practical

Tasks

Socio-economic

Figure  15.3 The Iowa Model of Multiple Modes of Intervention. To enhance the probability that 
health and safety education intervention reduces the risk of injuries and illnesses in farmers and their fami-
lies, best practices should include as many of these factors as possible.

Table 15.6 The Iowa Model of Multiple Modes of 
Intervention: a checklist for best practices for 
positive outcomes of education as a component 
of a farm health and safety intervention

√ Personalization of Information: Trainers should direct 
whose problem it is, “This is you, family, and employees 
– not me!” (knowledge, health, environment)

√ Ownership: Famer must accept, “This problem is 
mine, my family’s, my workers’”

√ Social support: We are all in this together (family, 
peers, neighbors, community)

√ Repetition: This is not just a one‐shot deal 
(evaluation, modification, dissemination)

√ Technical support: Don’t tell me I’ve got to get this 
protective device or PPE, but tell me how and where 
(tools, equipment, industrial hygiene services, 
follow‐up)

√ Goals: How safe does my farm need to be? What 
health goals should I have? How do I know when I get 
there?

√ Incentives: How does this add to the bottom line? 
Insurance discounts? Discounts on farm services and 
supplies? Discounts on farm loans? (making safety a 
value‐added farm product – this is huge!)

√ Regulations: Make sure the producer is aware of health 
and safety regulations and that they practice them.

√ Practical: If your recommendations/programs are not 
practical to the producer, they will not be accepted.
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The education program must include social 
support of the whole family, peers, and community 
in identification of hazards on their farm. 
Community farm safety programs should be led by 
local farmers. The program must be sustainable. 
Technical support is essential (e.g., if a power take‐
off (PTO) shield is needed or certain PPE is needed, 
there must be technical support to assist the farmer 
to obtain and properly use these items, otherwise it 
likely will not happen). Established goals must be 
incorporated, for example the farm must attain a 
documented certain safety score (e.g., 85% CSF 
score) and health level (e.g., BMI of 26 or lower, 
cholesterol below 250 etc.) (143). Incentives are 
important as it is critical that the program has a 
positive effect on the economic bottom line of the 
farm (e.g., insurance, bank loans, farm supply and 
services, farm equipment sales all could provide 
discounts or rebates for safety, as they all have a 
stake in a healthy and safe farmer and farming 
operation). Extremely important is the practicality 
of the recommendations (138). The operator will 
weigh the cost versus the practicality of the pro
gram. If the practicality is not obvious, relative to 
cost, the program will not be accepted.

Finally, the education program should make 
the operator aware of the health and safety regu
lations applicable to their farm operation and 
assist them to meet these requirements. However, 
careful consideration is required to approach this 
situation, as US farmers and ranchers are wary of 
government intervention.

15.12  Removal of Farm Health and 
Safety Hazards

Removal of farm health and safety hazards is criti
cal in this model. True to human nature, farmers 
become so familiar with their environment they do 
not see (or perceive the risk of) the hazards around 
them. The CSF model (and other models) uses a 
checklist of farm safety hazards. The CSF model 
employs a trained third‐party auditor equipped 
with the checklist to assist the farmer in identifying 
hazards that can be addressed in a practical manner 
and at an economical cost. In addition, the auditor 
rates the farm according to safety, with a goal of 

85%. As the farmer’s main priority is to ensure a 
profit at the end of the year, any expense is highly 
scrutinized. This model intends to show how a safe 
farm can add positively to the bottom line through 
education on the cost of a farm injury, the poten
tial for reduced insurance premiums, and reduced 
costs charged by machinery dealers, lenders, and 
farm supply and service companies.

15.13  Development of Total 
Worker Health

An occupational health clinical screening for hear
ing loss, skin cancer, respiratory function, and 
musculoskeletal functions, along with basic wellness 
measurements (e.g., cholesterol, blood pressure, 
blood sugar, and BMI), provides valuable informa
tion about the health of people living on the farm or 
ranch. In the CSF model, clinical screening was 
the most highly rated and attractive component of 
the program. In over 10 years of evaluation of the 
CSF, results have included reduced severe injuries, 
reduced respiratory illness, reduced medical care 
costs, removal of farm hazards, investments in safety 
by the farmer, and improved wellness (135, 136).

Furthermore, the farmers not only accepted the 
program, but embraced it and were willing to 
recommend it to others (139). Other models have 
also shown positive results. The challenge now is to 
develop a system to build on these programs and 
disseminate them broadly and sustainably.

15.14 Summary

Because of the nature of farming and farm culture, 
farmers, ranchers and other production agricultural 
workers are not leading occupational health and 
safety efforts in most countries, although there are 
some notable exceptions, such as Farm Safe Australia 
(140) and the United Farm Workers Organization 
in the United States (141). Most prevention has 
been carried out by governmental and voluntary 
non‐governmental organizations. Although regula
tions have proven to be one of the most effective 
ways to reduce health and safety hazards in agricul
ture, few regulations directly affect independent 
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small farming operations, and these existing rules 
are not regularly enforced. Most regulations in agri
culture pertain to large farms, particularly where 
migrant and seasonal workers are employed.

Engineering interventions represent effective 
preventive methods for newer equipment and 
buildings, but not on the bulk of older machines 
and facilities in use. Owner/operators of small 
farms may not be able to afford new equipment 
and structures, leaving more hazardous equip
ment and buildings in use for many years without 
effective engineering protection.

Educational programs have been the main 
approach used in agricultural health and safety 
prevention. These programs have primarily been 
awareness‐level efforts. There has been little evi
dence that they have been effective in reducing 
illnesses and injuries over extended periods. A 
comprehensive, multifaceted model that com
bines education with multiple levels of interven
tions provides the most successful health and 
safety prevention programming. This includes 
provision of occupational health screenings, on‐
farm safety audits, and performance incentives.

Key Points

1. Prevention of injuries in illness in agricul
ture is complicated by cultural and eco
nomic barriers, which must be understood, 
accepted, and considered in the design and 
application of any prevention intervention.

2. The order of prevention effectiveness is to 
first remove the hazard, followed by mini
mizing risk, both through efforts that elimi
nate or minimize a human behavioral 
response, as humans have and will continue 
to make mistakes, take chances, and make 
bad decisions. Engineering and management 
considerations are highly effective in over
coming innate human behavior fallibility.

3. Regulations can be an effective method of pre
vention. However, due to the numerous and 
geographically dispersed operations, inspec
tion and enforcement is difficult. Furthermore, 
regulations are not well accepted by the 
agricultural community, particularly in the 
United States, where due to the small farm 
exemption over 80% of the farm population 
is effectively not covered by state or federal 
occupational safety and health regulations.

4. Although education for behavioral change is 
the most commonly practiced prevention 
method, and is acceptable to the agricultural 
population, it usually does not have the 
desired outcome of reducing injuries and ill
nesses. In order to increase the probability of 
education effectiveness best practices for a 
possible positive outcome should include:

a. a theory base
b. farmer personalization, ownership, peer 

social support, goals, incentives, and 
practical support (Table 15.6).

5. PPE should only be a component of a 
 preventive program as effectiveness relies 
heavily on a human behavioral response, 
and could result in harm if it is not prop
erly used (see Appendix A).

6. The most effective programs are volun
tary, long‐term, multimodal comprehen
sive programs that include incentives that 
are obvious to the producer will enhance 
the economic bottom line and the sus
tainability of the farm.

7. The Certified Safe Farm, Sustainable Farm 
Families, the Farm Hazard Analysis Tool, 
and the farmer occupational health pro
grams of Norway and Finland are examples 
of integrated multimodal comprehensive 
programs that should be considered for 
expansion and/or as models to build on.

8. Such comprehensive programs require the 
significant effort of the people who control 
the resources, policy change, and monitor
ing. However, individuals can accomplish 
effective prevention by considering the 
principles outlined in this chapter, espe
cially Table  15.5, which provides specific 
recommendations that an individual health 
or safety provider can accomplish, and 
Figure 15.3 and Table 15.6, which list the 
elements of an educational effort that will 
improve the probability of effectiveness.
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Appendix A
Principles of Appropriate Selection 
of Personal Protective Equipment

This appendix provides details of PPE descrip
tions, selection, and health and safety considera
tions in their use.

15.1A  Respiratory Protective 
Equipment (Respirators)

15.1.1A Types of Respirators
There are two basic types of respirators: (1) air 
purifying and (2) air or atmosphere supplying. 
The latter supplies air through a hose by way of 
an air pump or from compressed cylinders to the 
operator into a mask sealed around the face. The 
most common type of this device is self‐con
tained breathing apparatus (SCBA), often used 
by firemen or scuba divers. This type of device 
must be used (rather than air‐purifying respira
tors) in atmospheres that afford immediate dan
ger to life or health (IDLH) (e.g., hydrogen 
sulfide emission from liquid manure in a swine or 
dairy building, entering an airtight silo, or enter
ing a non‐airtight silo where there is danger of 
silo gas). Air‐purifying respirators are not suffi
cient to protect a person in an IDLH environ
ments. There are very rare applications for a 
producer to need a SCBA, and specific certifica
tion of training and equipment is required.

There are many applications for air‐purifying 
respirators in agriculture. However, training and 
knowledge of their selection and use are required 
for effective and safe use. The basic types of air‐
purifying respirators are:

1. Particulate‐filtering respirators (dust, mist, 
and fumes)
a. Filtering face‐piece half‐mask, usually 

disposable
b. Half‐face elastomer (non‐disposable) with 

particle‐filtering replicable cartridges

2. Chemical cartridge respirators
a. Half‐face mask (same as in 1b) with cartridges 

that are designed to filter or absorb low 
levels (in the range of the permissible expo
sure limit) of hazardous gases. Different 
cartridges are designed for different gases, 
and they are color coded to help in choosing 
the proper cartridge. These are replaceable 
screw‐on cartridges. They may be fitted 
with a particle pre‐filter.

b. Chemical cartridge respirators may be fit
ted with a particle pre‐filter, which provides 
protection from dusts as well as low‐level 
gases.

15.1.2A  NIOSH Certification and 
Protection Factor Designation

NIOH tests and certifies respirators (OSHA pub
lish the results) in a laboratory setting for their 
performance and for quality assurance. They pro
vide an Assigned Protection Factor (APF) based 
on their testing which designates its filtration 
efficiency under perfect fit conditions. For exam
ple, if the APF designation is 10, the concentra
tion of the contaminant on the inside of the mask 
is 10 times lower in concentration than that out
side the mask. The APF is a conservative number 
as it is set in the lower range of multiple test 
results (142). The NIOSH certification on the 
package (look for a label, e.g. DHHS NIOSH 
TC‐84A‐xxx) predicts the performance of the 
respirator if it is fitted, worn, or maintained cor
rectly. The AFP may be lower than labeled if it 
is  not fitted, worn, or maintained correctly. 
Additional loss of protection can occur because of 
some loss of facial seal associated with the move
ments of the worker. In this case another label, 
the workplace protection factor (WPF), may be 
used. NIOSH does not regularly test for the 
WPF, but employers or a separate researcher may 
conduct such studies. Unless specifically tested, it 
may be assumed that the WPF is only 50% of the 
labeled APF (assuming correct fitting, wearing, 
and maintenance).

The maximum use concentration (MUC) is 
the concentration of a substance a particular 
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respirator can protect the worker from. It is 
 calculated by multiplying the APF by the 
 permissible exposure limit (PEL). However, to 
be safe, the WPF or its estimate should be used 
in calculating the MUC. For example, a worker 
in a swine building loading out hogs to market 
may be exposed to dust concentrations up to 15 
mg/m3. If the label on the dust mask indicates 
an APF of 10, the worker would be exposed 
to  1.5 mg/m3 of dust, an acceptable limit. 
However, assuming a WPF of half that (i.e., 5), 
the concentration of dust reaching the breath
ing zone of the worker would be 3 mg/m3, 
higher than the research‐based recommended 
maximum exposure of 2.5 mg/m3. A respirator 
of APF 15 or higher would be necessary to 
ensure adequate protection.

15.1.3A  Terminology for the Type 
of Respirator

The filtering media has certain characteristics 
that indicate the expected performance of a res
pirator. Efficiency is expressed as the percentage 
of the particles that does not penetrate the filter, 
so it is designated as 95%, 99%, or 99.97% effi
cient (the latter is defined as a high‐efficiency 
particulate (HEPA) air filter, at 0.3 μm and 
above). In metal fabricating, casting, and mold
ing operations cutting oils are often used to 
lubricate and cool the metal cutting process. As 
an oil aerosol may be generated, a certain class of 
filter materials in respirators is made to resist 
oils. This leads to the following designations: 
N = no oil resistance, R = partial oil resistance, 
and P =complete oil resistance. As there are few 
situations in production agriculture where aero
solized oil would be an occupational concern, 
a N95 respirator (non‐oil resistant, 95% efficient 
filtration) would be adequate in the majority 
of tasks.

15.1.4A Proper Fitting of a Respirator
The WPF of any respirator largely depends on 
how well the respirator fits the face of the wearer. 
The goal is a perfect seal around the face so that 

all the inhaled air must flow through the filter 
material. A respirator fit test is the objective way 
to determine if a proper seal is attained. A fit test 
would rarely be done on small farms, but it is 
required of employers if the operation comes 
under OSHA regulations (more than 10 employ
ees, and either there is a task that exceeds the 
published PEL or ceiling exposure limit, or the 
employer recommends and/or supplies respira
tors to his/her employees). Fit testing is a com
ponent of a respirator protection program 
(discussed below). Fit testing is conducted under 
very precise procedures published by OSHA 
(150). A qualitative test is conducted while the 
worker wears the respirator within a hood, where 
a substance that can be tasted is sprayed into the 
hood. The fit test is passed if the wearer cannot 
taste the substance under the specified condi
tion. A quantitative test involves a machine 
that counts particles outside and inside the 
mast. A proper fit is determined by the calcu
lated decrease between the particles outside com
pared to inside the mask.

The objective of a fit test is to choose a prop
erly fitting respirator for the individual and train 
them how to wear it. For workers who have been 
fit tested, and for most small farms where fit tests 
are not required, a user seal check will help to 
ensure a proper fit. This is accomplished by 
blocking the air or exhaust port. Exhaling with 
mild pressure should not allow air to escape 
around the mask. On inhaling slightly the mask 
should collapse slightly. As respirators are of dif
ferent designs, if it is not obvious how to block 
the air inlet or exhaust port the manufacturer’s 
directions should be consulted. The seal test 
should be carried out every time the respirator 
is worn.

Facial hair, deep scars, or an abnormally small, 
large, or misshapen face may create a difficult or 
impossible seal. For such cases, if the worker 
needs respiratory protection a loose‐fitting 
powered air‐supplying respirator (PAPR) may be 
required. PAPRs have fans that pull air first 
through a filter before forcing it into a partially 
enclosed helmet, creating a positive pressure so 
that no outside air comes into the helmet.
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15.1.5A  Medical Evaluation 
for Fitness to Wear 
Respirators

Some individuals may be unable to or should not 
wear respirators as the device may complicate an 
existing cardiorespiratory condition or the person 
may have claustrophobic tendencies, making it 
psychologically challenging for them to wear a 
respirator. Cardiorespiratory conditions that may 
limit a person from wearing a respirator include 
severe asthma, chronic bronchitis, emphysema, 
hypertension, and cardiac insufficiency. Medical 
evaluations are required as a component of a 
respirator program (142).

15.1.6A  Respirator Protection 
Program

A respiratory protection program is required if 
the operation comes under OSHA regulations 
(more than 10 employees, and either there is a 
task that exceeds the published PEL or ceiling 
exposure limit for respiratory exposures, or the 
employer recommends and/or supplies respirators 
to his/her employees). Undertaking a respiratory 
program is very expensive and time‐consuming. 
There are nine major components of the pro
gram, including quantifying the hazardous expo
sure, proper selection, and fitting of appropriate 
respirators, medical evaluation, fit testing, regu
lar cleaning, disinfection and protective storage 
of respirators, and detailed record keeping (142). 
Table 15.1A lists major manufacturers of respira
tors, as well as non‐profit organizations that 
sell and provide consultation on selection, and 
university and governmental organization who 
can provide further consultation. Table  15.2A 
shows a pictorial description of the basic types of 
respirators, relative cost, and user comments. 
Table 15.3A provides a selection guide for respi
rators. Listed are examples of appropriate respi
rators for different types of tasks. A subjective 
priority ranking is suggested based on the rela
tive protection needed for the task, cost, and 
user’s preference from a previously published 
survey (143).

15.2A Hearing Protection

Hearing protection devices (along with respirators) 
are tested and rated by NIOSH. They assigned 
noise reduction ratings (NRRs) for various types of 
hearing protectors. The NRRs range from around 
10 to 30, which means they reduce the external 
noise pressure that reaches the middle ear by 10 dB 
or 30 dB, respectively. Selection of hearing protec
tion should always include an indication on the 
device of NIOSH certification and a NRR number. 
Any NRR in the range of ±20 is acceptable for most 
agricultural work. However, just as respirators are 
only as effective as the fit or seal around the face, so 
hearing protectors are only as effective if they cover 
or fit into the ear canal to block the sound pressure. 
Training and experience are therefore important in 
choosing the best‐fitting and most comfortable 
device for a worker, and then learning how to check 
for a sound seal. One seal test that can be used is 
with the devices installed in both ears, a hand is 
cupped over each ear independently and then 
removed. Then the hands are cupped over both ears 
and removed. If there is a louder sound when the 
hand is removed, the device is probably not sealed 
well. Although most hearing protectors are designed 
to block sound pressure, a relatively new concept in 
hearing protection is the electronic noise‐canceling 
device. These devices produce a computer‐gener
ated sound to the ear at the opposite side of the 
sound sign‐wave curve, thus canceling the sound. 
These devices do not depend on a complete seal, 
and it is possible to have a conversation with work 
comrades while wearing one, while still preventing 
high exposure to the dominant noise source.

Hearing devices must be kept clean and disin
fected with multiple use, otherwise infection and 
irritation of the ear canal may result.

A hearing protection program is required if 
there are more than 10 employees, and if there is 
evidence that exposure above an average of 85 dB 
over an 8‐hour work period is exceeded. Like res
pirator programs, hearing protection programs 
are time‐consuming and costly. For the workers’ 
benefit and for economic reasons, it is always best 
to reduce noise or respiratory exposures so that 
these programs are not required.
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Table 15.3A Selection guide of respirators according to hazard exposure: specific hazards/tasks and 
relative recommended respirator type for use

Class and constituents of hazard Tasks resulting in exposure Respirator type selection 
guide and relative rankinga

A1 A2 A3 A4 A5 S6

Inorganic dusts
Field dust/road dust (soil, sand, rock, 
small amounts of mold spores, bacteria, 
and other organic matter)

•	 Soil tillage operations (plowing, disking, harrowing, etc.) 1 2 3
•	 Driving farm equipment on or working near dirt or 

gravel roads
1 2 3

•	 Harvesting operations (combining soybeans, 
sorghum, or other grains; mechanical harvesting of 
potatoes, tomatoes, and other food crops; manual 
harvesting of grapes)

1 2 3

Organic dusts
Grain dust Working at grain elevators or feed mills 2 1 3

•	 Transporting (trucking) and storage of grain 1 2
•	 On‐the‐farm handling, transporting, and storage of grain
•	 Grinding and mixing feed, and feeding livestock

1 2

Dusts from swine or dairy operations 
(grain dust, manure dust, bacteria, 
mold spores, bacterial toxins 
(endotoxins), swine dander, insects, 
insect parts, ammonia adsorbed to dust)

•	 Working in confinement or other swine housing 2 1 3
•	 Moving, sorting, trucking swine 2 1 3
•	 Working in livestock/dairy barns 2 1 3

Dusts from poultry operations (grain 
dust, manure, feather dust, bacteria, 
mold spores, endotoxins, insects, insect 
parts, ammonia adsorbed to dust)

•	 Working in confinement poultry housing 2 1 3
•	 Loading, sorting, unloading birds 2 1 3
•	 Handling and treating birds 2 1 3
•	 Poultry processing/unloading 2 1 3
•	 Cleaning out old chicken houses 2 1 3

Moldy corn or other grains •	 Moving spoiled grain out of storage 2 1 3
•	 Cleaning out moldy grain from storage bins 1 2 2

Moldy silage •	 Opening up non‐airtight silos, throwing off the 
spoiled top layer

3 1 2

Moldy hay •	 Moving, handling or feeding moldy hay, either loose 
hay or bales that have to be broken up (usually only 
important when done indoors)

2 1 3

Low levels of irritant gases and vapors
Ammonia •	 Working in poultry and livestock housing (primarily 

chickens, turkeys, swine, veal)
1 2 3

•	 Working with anhydrous ammonia 1 2 3
Hydrogen sulfide •	 Working in and around liquid manure storage or 

handling liquid manure from livestock confinement 
structures (use organic vapor cartridge, with dust 
pre‐filter, olive in color)

1 2 3

•	 Working inside livestock confinement structures with 
liquid manure storage under a slatted floor (use organic 
vapor cartridge with dust pre‐filter, olive in color)

1 2 3

Welding (metal fumes: zinc, cadmium, 
iron oxide, manganese; gases: nitrogen 
dioxide, ozone, fluorides)

•	 Welding, especially in poorly ventilated areas, and 
especially on galvanized metals

1 2

Anhydrous ammonia •	 Working with anhydrous ammonia where a leak or 
escape of the gas, especially in an enclosed space

1 2

Pesticidesb
Insecticides (such as organophosphates 
and some carbamates)

•	 Mixing and applying insecticides 1 2 3
•	 Working in sprayed field before proper re‐entry time

Fumigants (such as methyl bromide, 
chloropicrin, etc.)

•	 Applying fumigants on stored grain 1 2
•	 Entering an enclosed structure where a fumigant has 

been recently applied
1

Herbicides •	 Working with concentrate (respirators usually not needed)

(Continued )
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Table 15.4A displays the various types of hearing 
protectors, their NRRs, the relative costs, and wearer 
information that is helpful in selection (144).

15.3A Protective Eyewear

Corneal abrasions, foreign body penetration, and 
chemical burns are all common eye injuries in 
agriculture. Less common eye concerns include 

flash burns from welding and pterygium. The 
latter is caused by long‐term UV light, wind, and 
dust. Pterygium is scar tissue that slowly grows 
from the nasal side of the eye across the cornea 
and may progress to cover a portion of the pupil. 
Safety glasses made of polycarbonate or trivex 
(they could be tinted, although both substances 
block UV light) should be commonly worn 
whether in the field or inside the shop to prevent 
eye injuries. There are models that can be selected 

Class and constituents of hazard Tasks resulting in exposure Respirator type selection 
guide and relative rankinga

A1 A2 A3 A4 A5 S6

High levels of toxic gases or oxygen‐deficient environmentsc

Hydrogen sulfide •	 Working inside livestock confinement buildings with 
storage pit under the building while the pit is being 
agitated or emptied

X X X X X 1

•	 Entering a liquid manure storage pit anytime X X X X X 1
Oxides of nitrogen •	 Entering a silo (or chute) which has been filled with 

fresh silage within the previous 2 weeks
X X X X X 1

Oxygen‐deficient environments •	 Entering an airtight silo which has been filled with 
silage, haylage, or high moisture grain

X X X X X 1

•	 Entering a non‐airtight silo or grain bin which has 
recently been filled with high moisture grain

X X X X X 1

Carbon monoxide •	 Emergency entry or rescue in an environment where 
there was a known or suspected high carbon monoxide 
concentration from an internal combustion engine, or 
malfunctioning heating system

X X X X X 1

1–3, highest to lower recommendation; x, not recommended.
A1=Disposable Half‐faced particle filtering (e.g. N95)
A2=Non‐disposable, Half‐Face, Elastomer
A3=Chemical Cartridge, Half‐face, elastomer
A4=Full‐face chemical cartridge, elastomer;
A5=Loose‐fitting (e.g. positive air supplying respirator [PAPR])
S6= Self Contained Breathing Apparatus (SCBA)
1 A1= Disposable mechanical filter respirators
2 A2 =Mechanical filter respirators
3 A3 =Chemical cartridge respirators
4 A4= Gas masks
5 A5 =Powered air‐purifying respirators
6 S = Air Supplying, Self‐contained breathing apparatus

Note: Air‐supplying respirators (B) should only be used by people trained in their use. Local volunteer fire department personnel 
may be first contact when an emergency arises requiring SCBA equipment. It is not recommended that farmers or ranchers attempt 
to use such equipment without proper training.
a Rankings are based on a subjective priority ranking by the authors and content consultants. 1–3 is the highest to lowest priority of 
acceptable respirators for use in the specified situation. The ranking is based on a combination of effectiveness of protection, 
comfort and freedom from interference while performing required tasks, and cost.
b In most applications, respirators are not needed when handling or applying insecticides, herbicides, or fungicides. However, for all 
pesticides follow the recommendations for PPE as printed on the package label or the material safety data sheet (MSDS).
c Environments of immediate danger to life or health (IDHL).

Table 15.3A (Continued)
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Table 15.4A Characteristics of hearing protection devices (144)

Types of hearing 
protection device

Picture of device Noise reduction 
factor

Approximate 
cost

Remarks and user evaluation

Earplugs: expandable, 
formable foam 
Mechanical Filter

26–33 $0.13–$1.00 
each

•	 Least cost protection
•	 Effective if inserted properly
•	 Proper insertion requires 

experience and time
•	 Plug is rolled as thin as possible 

and inserted by pulling tip of ear 
to straighten the ear canal

Earplugs: pre‐molded, 
tethered cord or band 
Mechanical Filter

24–27 $0.90–$1.20 
each

•	 Easy to insert
•	 Can be used with hat
•	 Tether yields more convenient 

access as needed

Earplugs: canal caps, 
banded

16–23 $4.50–$6.00 
each

•	 Similar efficiency as pre‐molded
•	 Less irritating and less moisture 

build‐up because they do not 
penetrate the ear canal

•	 More expensive than pre‐molded

Earplugs: custom 
molded for individual 
use, reusable

21–29 $140–$170 each •	 More effective as they account 
for individual anatomical 
variation

•	 Less comfortable, with moisture 
build‐up in ear canal

•	 Must be cleaned and sanitized
•	 Storage in clean and dry 

container

Ear muffs 20–30 $10–$25
$40–$60 with 
AM/FM radio 
reception
$300–$500 with 
two‐way radio 
communication

•	 Effectiveness diminished with 
poor seal to face (facial hair, 
facial scar, hat)

•	 Hot in warm environment
•	 May include two‐way radio 

communication

Noise‐canceling 
devices

29–49 $30–$200 •	 Cancels external noise 
electronically

•	 Normal speech communication 
possible while wearing

•	 May be equipped with two‐way 
radio communication

Source: Hearing Protection Compendium, Center for Disease Control. Accessed at http://www.cdc.gov/niosh/topics/noise/
hpdcomp/?p=0:3.
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to accommodate eye glasses. Also available are 
models that combine protective and corrective 
lenses. Goggles are important for protection from 
irritant chemicals or particles. Goggles with indi
rect ventilation that have two lenses separated by 
a vented air space prevent fogging yet do not 
allow fumes to penetrate to the inside of the 
 goggles. Table  15.5A provides examples of pro
tective eyewear, along with selection criteria.

15.4A Protective Clothing

In agriculture, clothing is an important compo
nent of protection from abrasions, irritants, toxic 
chemicals, and the sun. Standard cotton or 
 combined synthetic work clothes offer  protection, 
especially for abrasions and dry chemicals. If 
 fabrics are treated with a hydrophobic (water‐
repelling) spray (e.g., with a silica, carbon, zinc, 
or manganese base), regular work clothes can pro
vide additional partial protection against liquids. 
When needed, higher levels of protection can be 
provided by specialized disposable suits made of 
synthetic non‐woven materials (e.g., Tyvek). 
Judgment must be used in wearing or requiring 
workers to wear protective clothing. Protective 
clothing increases the risk of heat stress. In a few 
instances in production agriculture complete cov
erage with non‐breathable clothing is required. 
For pesticides, the package label and MSDS sheet 
will provide guidance. Table  15.5A provides 
details of protective clothing along with selection 
criteria (145–148).

15.5A Welding Protective Gear

As farmers and ranchers often serve as their own 
repair people, welding is occasionally required. 
Welding (particularly electric arc‐welding) pro
duces extreme light energy that can damage the 
superficial layers of the eye (cornea and conjunc
tiva) as well as the retina (called arc flash, arc eye, 
and welder’s eye). Symptoms include eye pain and 
photophobia (eye pain from light exposure). Arc‐
welding light can also cause burns to exposed 

skin. For eye and facial protection, a welder’s hel
met is essential. The helmet is equipped with a 
dark‐tinted polarized lens that is difficult to see 
through. The welder must get the welding rod 
into the vicinity of the metal to weld, then flip the 
dark lens down before the arc strikes, allowing 
welder to see what he/she is doing. Too often the 
arc strikes before the lens is flipped down, causing 
a risk of arc‐flash burn. Relatively new advances 
in the field include an auto‐darkening lens with 
liquid crystal display technology that allows the 
welder to see what he/she is to weld (the lens 
darkens instantly as the arc flashes, providing pro
tection from flash burns). This technology should 
be a priority when purchasing a welding helmet. 
Acetylene‐oxygen torch welding emits a relatively 
lower amount of light energy, but requires the 
welder to wear green‐tinted goggles.

Arc‐welding and blow‐torch metal cutting 
result in extensive emission of sparks, which can 
burn skin on contact or start a fire on clothing. 
Protective non‐flammable sleeves or a jacket is 
important for burn protection. Arc‐ or torch‐
welding can also result in emission of fumes that 
can cause illness in the welder. The most com
mon source of such illness is zinc fumes from 
welding galvanized metal. A welder’s respirator 
should be worn in addition to eye and head pro
tection to prevent metal fume poisoning.

Welder’s gloves are also important, as handling 
hot metal can cause severe burns. The appearance 
of a piece of metal will not give a warning that it 
is hot enough to burn if handled. Table  15.6A 
provides detailed information and tips for the 
selection of protective equipment for welders 
(145, 147, 148).

15.6A Chainsaw Protective Gear

Farmers, ranchers, farm workers (occasionally), 
and of course forestry workers commonly use 
chainsaws. The chainsaw is one of the most effi
cient, productive, yet dangerous power tools. 
Injury risk can be minimized with experience, 
proper cutting technique, proper maintenance, 
and proper use of approved PPE. Newer machines 
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Table 15.5A Characteristics of protective devices and materials for eyes and skin (145–148)

Types of device Picture of device Approximate cost Remarks and user evaluation

Protective eye wear: 
glasses Mechanical 
Filter

$2.00–$22.00 
per pair

•	 Select for proper fit
•	 Choose product with ANSI certification
•	 Select polycarbonate or Trivex lens
•	 Select wraparound design
•	 Accommodate wearing over corrective lenses

Protective eye wear: 
goggles Mechanical 
Filter

$3.00–$10.00 •	 Best to select indirect vent/anti‐fog goggles
•	 If using for protection from anhydrous 

ammonia, goggles must seal tight to the face 
and be either indirectly vented or non‐vented

•	 Accommodate wearing over corrective lenses

Protective clothing: 
gloves

$2.00–$4.00 per 
pair (unlined 
re‐usable)
$0.25–$0.50 per 
pair (disposable)

•	 Neoprene or nitrile gloves for general 
agricultural use

•	 For pesticide exposures, consult package label or 
MSDS for recommend PPE

•	 Disposables for single usage only
•	 Non‐disposable gloves should have cuff to 

prevent dripping onto arms
•	 Non‐disposable gloves should be unlined; wash 

inside‐out after use
•	 Single‐use cotton under gloves may improve 

comfort with unlined disposables

Protective outer 
clothing: regular cotton 
material work clothes

$30–$50 •	 Provides some protection for dry materials but 
little protection for liquid exposures

•	 Must be laundered after each use
•	 Protection improved with woven‐in Teflon or 

other non‐fibrous synthetic material
•	 Protection improved by spraying with durable 

water‐repellant hydrophobic material (e.g., 
ScotchgardTM, EuroplasmaTM, LiquipelTM)

Protective outer 
clothing: aprons

$10.00 ‐$12.00 
each

•	 Recommend chemical‐resistant material during 
mixing, loading, or applying in potential for 
contact with spray or dust

•	 Level C (splash and dry chemical protection) 
adequate in most instances

•	 Less risk of heat stress for worker

(Continued )
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Table 15.5A (Continued)

Types of device Picture of device Approximate cost Remarks and user evaluation

Protective outer 
clothing: single‐use 
coveralls

$9.00–$15.00 
each

•	 Tyvex material, uncoated (level C protection)
•	 Comfort GuardTM material provides protective 

and breathable material to reduce heat stress
•	 Useful for mixing or loading or spraying with 

undiluted chemicals

ANSI, American National Standards Institute; MSDS, material safety data sheet; PPE, personal protective equipment.

Table 15.6A Characteristics of protective devices and materials for welding and chainsaw operation 
(145,147,148)

Types of devices Picture of device Approximate cost Remarks and user evaluation

Welding 
helmet: regular 
Mechanical 
Filter

$40.00–$60.00 
each

•	 Best if equipped with flip‐up flash shield for 
rapid deployment to protect eyes from flash 
burn

Welding 
helmet: 
auto‐darkening

$40–$200 •	 Auto‐darkening eye shield does not depend on 
human response to flip eye shield in place

•	 Prevents potential flash burn (corneal or retinal 
inflammation)

Welding 
respirator N‐95

$24–$50 •	 Especially important when welding galvanized 
(zinc‐containing) metals

•	 A regular N95 with exhalation valve may be 
used in place of the welding respirator for 
short‐time exposure (lower cost)

Welding gloves $16–$19 •	 Prevent burns from metal sparks and handling 
hot metals

(Continued )
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Table 15.6A (Continued)

Types of devices Picture of device Approximate cost Remarks and user evaluation

Welder 
protective 
clothing

$18–$20 (sleeves)
$30–$40
(jacket)

•	 Prevent burns from metal sparks and hot 
metals

Chainsaw 
helmet

$40–$60 •	 Prevent head, eye and face injuries, and 
provides hearing protection

Chainsaw chaps $60–$80 •	 Kevlar thread impregnated material essential to 
protect legs

•	 Choose chaps that enclose backs of legs as well 
as front for increased protection and to prevent 
trip hazard from trimmings being caught in 
closure of open‐backed chaps

Chainsaw 
gloves

$20–$30 •	 Protection from laceration

Chainsaw boots $90–$120 •	 Select for traction
•	 Steel toe and instep

Note: The National Fire Protection Association certifies protective clothing
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are equipped with safety technologies to mini
mize vibration energy to the hands and arms, a 
chain brake to stop the chain in an emergency, 
and a throttle lock to require activation by the 
operator before the throttle can be engaged.

As hand and arm injuries are the most common 
injuries, a protective jacket and protective gloves 
are highly recommended. Legs are the second most 
common site of injury, and chainsaw chaps are 
highly recommended. These chaps are filled with 
Kevlar fibers, and if the chain hits and cuts into the 
chaps, the Kevlar fibers will instantly entangle in 
the chain and drive gear to stop the machine and 
prevent or substantially reduce the injury. Chaps 
that can be closed at the back are recommended to 
protect the back of the legs and prevent slash and 
trash (trimmings for felled trees) from catching in 
the enclosure straps thereby creating a trip hazard. 
A chainsaw helmet with attached face shield and 
sound protection ear muffs is essential to protect 
the head from injury from falling limbs, eyes and 
face from projected wood chips, and hearing 
from excessive noise. Hearing protection can be 
enhanced by inserting ear plugs in addition to 
using the ear muffs attached to the helmet. Details 
of chainsaw protective equipment are given in 
Table 15.6A (145, 147, 148).
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phtalic acid herbicides, 232
propenal, 232
triazines, 232

hip injuries
osteoarthritis, 312–313
trochanteritis, 311–312, 312

HOOA see Hazardous Occupations Orders for Youth in 
Agriculture

hormones see also estrogenic hormones; growth  
hormone

anabolic steroids, 429
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(IARC), 189
The International Association of Agricultural Medicine 

and Rural Health, 5
The International Commission of Occupational Health, 

Scientific Committee on Agriculture, Pesticides 
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International Convention on the Protection of 
Migrant Workers and Members of their 
Families, 72

International Declaration of Migrant Workers Human 
Rights, 72

International Society for Agricultural Safety and Health, 6
international trade agreements, 25–26
Iowa Model of Integrated Multimodal Prevention 

Intervention
checklist, 528, 529
health and safety education, 528, 529

Iowa’s Center for Agricultural Safety, 54
IPCC see Intergovernmental Panel on Climate Change 

(IPCC)
irritable bowel syndrome, 362
ISASH see International Society for Agricultural Safety 

and Health

Johne’s bacterin, 417
Journal of Agromedicine, 5

Karasek–Theorell model, 363, 364
questionnaire, 363, 365

knee injuries
ankle sprains, 315
Baker’s cyst (popliteal cyst), 314
bursitis, 313
chondromalacia patellae, 313–314
ligament, 313
meniscus, 314
osteoarthritis, 314–315

LD50 values of pesticides, 209
lip cancer, 193
livestock

animal‐induced injuries, 404
contributing factors and prevention, 405
crushing injuries, 405
emergency and post‐crisis treatment, 405

“local food” production, 27–28
localized hypothermia

chilblains or pernio, 343–344
cold urticarial, 344
frostbite, 343
immersion foot, 344

machinery injury incidents, 399–400
contributing factors and prevention, 401
crop‐engaging mechanisms, 400–401
cutting mechanism, 400
emergency and post‐crisis treatment, 401
snapping roll entanglement, 400

material safety data sheet, 418
medical monitoring, insecticides exposure

exposure monitoring, 242–243
principles, AChE monitoring, 242
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mental disorders
anxiety disorders, 361
depression, 361, 361
drug addiction, 361
insomnia, 361
memory, 361
PTSD, 361

mental, social, and behavioral health, 34
metazoonosis, 443
methylmercury, 261–262
Migrant and Seasonal Agricultural Worker Protection 

Act, 72
migrant and seasonal farm workers, 20–21, 44, 65, 506

in crop production, 65, 66–67
exposure/risk see work exposures/risks
hired farm workers, 64
low‐wage labor, 64
mean education level, 65
prevention and protection

“Bill of Rights”, 72
conventions, 72
human rights provisions, 72
quality health services, 73

quality health services, 73
traditional migration patterns, 65, 67

MMS see Monday morning syndrome
Monday morning syndrome, 113
MSDS see material safety data sheet
MSFWs see migrant and seasonal farm workers
MSWPA see Migrant and Seasonal Agricultural Worker 

Protection Act
mucus membrane irritation, 113
musculoskeletal disorders, 33

chronic pain conditions
“accident neurosis”, 294, 296
myofascial pain, 296
nociceptive receptors, 296
psychosocial factors, 296, 297

definitions, 293–294
elbow, wrist and hand injuries

carpal tunnel syndrome, 309–311
De Quervain’s tenosynovitis, 308–309
Dupuytren’s contracture, 311
epicondylitis, 307
flexor pronator syndrome, 308
fractures and nonunion, scaphoid, 309
ganglion cyst, 311
olecranon bursitis, 307–308
osteoarthritis, 311
trigger finger, 309
ulnar nerve compression, 309

epidemiology, 294
hip injuries

osteoarthritis, 312–313
trochanteritis, 311–312, 312

inflammatory bowel diseases, 315
knee injuries

ankle sprains, 315
Baker’s cyst (popliteal cyst), 314
bursitis, 313
chondromalacia patellae, 313–314
ligament, 313
meniscus, 314
osteoarthritis, 314–315

neck injuries
cervical degenerative disk disease, 297–299
neck tension syndrome, 299
whiplash injury, 299

physical factors and related musculoskeletal problems, 
295–296

prevention, 316
reactive arthritis, 315–316
shoulder injuries

cervicobrachial syndrome, 307
dislocations, 306
frozen shoulder, 306
impingement syndrome, 305–306
osteoarthritis, 306–307
pain, 304
thoracic outlet syndrome, 306

spine injuries
ankylosing spondylitis, 303–304
annual incidence, 299
coccygodynia, 304
low back pain, 304
risk factors, 300
spinal degenerative disk disease, 300–302
spinal stenosis, 302–303
spondylolisthesis., 303, 303
spondylolysis, 303

work‐related disorders, 294
musculoskeletal injuries, 70
Mycobacterium tuberculosis, 443

NAAC see North American Agromedicine Consortium
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Agricultural Tasks
National Classification of Economic Activities, 475, 

476–477
National Institute of Occupational Safety and Health, 6, 

491
National Pesticide Information Center, 208
neck injuries

cervical degenerative disk disease, 297–299
neck tension syndrome, 299
whiplash injury, 299
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infection, contaminated needle, 416
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synthetic modifications, 225

nervous system
ANS, 357
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skeletal muscles, 357

NFAOHS see Norwegian Farmers’ Association 
for Occupational Health and  
Safety

NIHL see noise‐induced hearing loss
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health effects
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noise and hearing loss
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noise meter, 328
sound pressure level, 328

diastolic blood pressure, 333
noise‐induced hearing loss, 329–330
prevention

administrative controls, 335
emissions definition, 334
engineering controls, 335
exposure limits, 333
hearing conservation program, 334
hearing protection devices, 335
noise source, 335
remediation, 334
worker education, 335

symptoms and disablement, 330–331
tinnitus, 331
trauma or toxins causing hearing loss, 331

noise‐induced hearing loss, 34, 329–330
prevention, 333–335
symptoms, 330
tinnitus, 331
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non‐fatal agricultural injuries

NIOSH, 382
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work‐related injuries, 382, 383–384
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occupational health exposure risks
acute toxic reactions, 421
emergency numbers, 421
gram‐negative organisms, 421
tilmicosin, 421

occupational injury and illness statistics
economic consequence, 24
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self‐reported surveys, 24
US farm fatality rate, 23

occupational medicine and primary health care
AgriSafe Network, 523–524
FARM‐HAT, 524
NFAOHS, 524
practitioners, farm expansion, 524, 525

Occupational Safety and Health Administration, 
509–510

OCLs see organochlorines
old‐order Anabaptists
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lifestyle and wellness, 80–81
“the Ordnung”, 74
prevention, 81–83
religious beliefs, 79
term meaning, 74
traditional therapies, 79
work exposures/risks

children, 78
farm‐related fatalities, 78
locations, 75, 76–77

one health approach, 518
OOA see old‐order Anabaptists
“the Ordnung”, 74
organic dust toxic syndrome, 106, 114, 125
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ban, 218
bioaccumulation, 218
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treatment, poisoning, 220, 221
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paraoxanse, 222

description, 221
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oxides of nitrogen see silo gas
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chainsaw protective gear, 541, 545
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welding protective gear, 541
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history and risk communication
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registration, 208
Silent Spring, 207

life‐threatening poisoning, 205
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US pesticide usage, 210
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protective clothing, 210
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skin contact and absorption, 209, 211
water soluble insecticides, 212, 214
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pesticide poisoning, 214–215
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risk factors, 238
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phtalic acid herbicides, 232
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cold, 343–344
heat, 341–343

health, 33
human thermal balance, 339–341
noise see noise and hearing loss
vibration and injuries
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whole‐body vibrations, 339
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plant‐induced contact dermatitis see allergic contact 
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PNS see parasympathetic nervous system
POMs see profile of mood states
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post‐traumatic stress disorder, 361
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roadway collision, 403

PPE see personal protective equipment
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specialist, 8

primary care physician, nurse and veterinary 
practitioners, 6–7

profile of mood states, 280
progesterone, 428
propane‐powered radiant heater, 47, 47
propargite (sulfur‐based insecticide), 227
propenal, 232
prostaglandins, 430
prostate cancer, 193–194
protective clothing, 541, 543–544
protective eyewear, 539, 541, 542
psychosocial conditions see also stress  

physiology
alcohol‐related health problems, 367–369
chronic stress‐related physiological reactions

abdominal obesity, 360
blood pressure, 359–360
dyslipidemia, 360
immunological reactions, 360
insulin resistance, 360
mental effects, 360

depressive disorders, 351
economic situation, 351
endocrine system, 357–358
environmental factors, 353
occupational stress, 351
peasant, entrepreneur

capital‐intensive business, 352
modern farming, 351, 353
social life, farmers, 351–352
traditional farming, 351, 352

stress see stress
work environment, 351

psychosocial workplace factors
loneliness and social isolation, 355
weather, 355

PTSD see post‐traumatic stress disorder
pyrethrins, 224
pyrethroid insecticides

acute symptoms, 224
acute toxicity treatment, 224–225
cyano‐pyrethroids, 224

pyrethrum, 224

ractropamine, 429
radionuclides, 264
reactive arthritis, 315–316
resistance stage, 356
respirator protection program, 534

respiratory disease prevention
Certified Safe Farm, 526
farm sustainability, 526, 527
Swine Confinement Workers program, 526

respiratory diseases see also dusts
aerosol exposures, 95, 96
agricultural structures and see agricultural structures 

and respiratory hazards
chemical‐induced, 140–142
conventional chicken coops, 109
diagnosing

farmer’s lung, 121, 122, 124, 125
legal and recommended exposure concentrations, 

126, 126
lung biopsy, 123
occupational bronchitis, 120
organic dust toxic syndrome, 121, 124, 125
pulmonary function test, 120

equipment and supply buildings
barns, 110–111
machine shops, garages, and machine sheds, 

109–110, 110
fruit and root storage structures, 108, 108
grain dust exposure, 97
grain transport workers, 97
illness conditions, 98, 99
livestock and poultry housing and processing plants, 

108–109
occupational history, 148
oxides of nitrogen see silo gas
periodic acute massive and moldy exposure,  

95, 97
poultry‐and meat‐processing plants, 109
preventive recommendations

dust‐induced illnesses, 143
dust removal, air, 144
education, owner/operators, 145
emission control, 144
medical monitoring, 145–146
occupational illnesses, CAFO workers, 146–147
reassigning jobs, 145
respirators, 144–145
smoking cessation programs, 146
work air‐quality environment assessment, 144

responses, inhaled agricultural substances, 98
sheep and dairy cattle housing, 109
silo unloader’s disease, 97
work places see confined animal feeding operations
zoonotic infections, 142–143

respiratory protective equipment
filtering media, 533
medical evaluation, 534
NIOH, 532–533
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respirator protection program, 534
types of respirators, 532
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anabaptist groups, 31–32 see also old‐order 

Anabaptists
children, 31
elderly, 31 see also elderly farmers
MSFW see migrant and seasonal farm workers
OOA, 31–32 see also old‐order Anabaptists
pregnant women, 31
women, 44–49
youths see youths, agriculture

rollover protective structure, 55, 395
ROPS see rollover protective structure
row crop cultivation, 253, 253
rural industry

fossil fuels, 274
ground water contamination, 275
health symptoms, residents, 275
wind turbine farms, 275

Rural Rescue and Emergency Care, 390

Salmonella and Leptospira species, 259
saprozoonosis, 443
SENSOR see Sentinel Event Notification System for 

Occupational Risk
Sentinel Event Notification System for Occupational 

Risk, 214
shoulder injuries

cervicobrachial syndrome, 307
dislocations, 306
frozen shoulder, 306
impingement syndrome, 305–306
osteoarthritis, 306–307
pain, 304
thoracic outlet syndrome, 306

Silent Spring, 207
silo filler’s disease

prevention, 139–140
treatment, 139

silo gas
detection, 138
exposure, 137–138
formation, 137, 137
medically‐diagnosed cases, 138
prevention, silo filler’s disease, 139–140
respiratory effects, 138–139
silage, 137
treatment, exposure, 139

skid‐steer injury incidents
bystanders, 398
descriptive information, 397–398

emergency and post‐crisis treatment, 399
factors and prevention, 399
pinch/crush, 398–399

skin cancer, 173–174, 175, 193
skin diseases, 32 see also contact dermatitis

arthropod‐induced see arthropod‐induced  
dermatitis

cold‐related skin disorders, 176
heat‐induced dermatoses, 176
infectious dermatitis, 165–167
sunlight‐induced dermatoses, 171–175

SNS see sympathetic nervous system
social marketing, 521
Social Readjustment Scale, 352
solid waste concerns

contamination, groundwater, 276
disposal, chemical containers, 276
empty agricultural chemical containers, 276,  

276, 277
sanitary disposal, 277
zoning laws, 278

South America agricultural medicine
agricultural frontier, 469
agricultural professionals, 472
beef cattle feedlots, 470
country comparison, production, 467, 515
crop agriculture, 467
crop expansion, 466
culture and demographics, 470–471
dairy and livestock, 469
families of producers, 472
farming practices, 469
farm machinery, 480
farm youths, 480
fruit growing and horticulture, 469
health and safety hazards, 466
independent rural workers, 472
injuries and illnesses

agricultural medicine, 475
Brazil, 475, 523
National Classification of Economic Activities, 

475, 476–477
Uruguay, 475, 523

livestock production data, 467, 468
news media, 474, 522
occupational injury statistics, Argentina, 473, 521
production and processes, 466–467
registered workers, 472
rural contractors, 473
rural producers, 471–472
support professionals, 475
temporary workers, 472
unregistered workers, 472
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The South Carolina Agromedicine Program, 5
special risk populations

anabaptist groups, 31–32
children, 31
elderly farmers, 31
migrant and seasonal workers, 31
pregnant women, 31

spine injuries
ankylosing spondylitis, 303–304
annual incidence, 299
coccygodynia, 304
low back pain, 304
risk factors, 300
spinal degenerative disk disease, 300–302
spinal stenosis, 302–303
spondylolisthesis, 303, 303
spondylolysis, 303

SSF see Sustainable Farm Families program
stress

abdominal disorders, 362
cardiovascular disease, 360
chronic pain disorders, 361–362
economy, 354
gastric ulcers, 362
governmental authorities and neighbors, 355
illness and fear, 354
individual therapeutic methods

biofeedback, 366
cognitive therapy, 366
personal control, 366
physical activity, 366
relaxation, 366
sleep, 366

irritable bowel syndrome, 362
measurement

laboratory methods, 362–363
psychological individual methods, 363
screening, 363

mental disorders, 361
occupational and environmental, 353
physical workplace factors, 356
psychosocial workplace factors, 355–356
social networks, 366, 367
stress‐management programs, 364
supportive family, 354
traditional gender, 354
workers’ compensation, 367

stress physiology
acute and chronic, 358–359
allostasis, 356
endocrine system, 357–358
GAS, 356
nervous system, 357

resistance stage, 356
stressor, 356

subsidization, 25
Successful Farming Magazine, 62
suicides and suicide prevention

alcohol consumption, 369
farmers support programs, 369

sunlight‐induced dermatoses
acute sun‐induced skin disorders, 171–172
chronic sun‐induced skin disorders, 172, 172–173
prevention of, 174–175
skin cancer, 173–174

sustainability, 30–31
Sustainable Farm Families program, 528
sustainable food systems, 27
Swine Confinement Workers program, 526
sympathetic nervous system, 357

technological tools, production agriculture, 28–29
testicular cancer, 194
threshold limit value, 280
tilmicosin, 421
tinnitus, 331
TLV, threshold limit value
toxicology of pesticides, 33
tractor safety programs, 62
traditional family farms, 24–25
training of practitioners

full‐time agriculture health and safety specialists, 
8, 9–16, 17

healthcare practitioners, 8
triazines, 232

Urban–rural Conflict, 479
US Center for Disease Control and Prevention, 214
USDA see US Department of Agriculture
US Department of Agriculture, 43, 414
US Environmental Protection Agency, 252

veterinary biologicals
adjuvants, 415
antibiotics approved, food‐producing animals, 416, 419
antisera, 415
antitoxins, 415
bacterins, 415
needle‐stick exposure risks, 416
toxoids, 415
vaccine, 415

veterinary pharmaceuticals
antibiotics, 259
drinking waters, 259–260
FDA, 414
and human use, 413–414
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modern age, 413
pesticides, 260
USDA, 414

vibration‐related injuries, 34
hand–arm vibration syndrome, 336–339
whole‐body vibrations, 339

vibration white finger, 336–337

water pollution
animal feeding operations, 261
animal wastes and inorganic fertilizers, 255
chlorine, drinking water, 261
drainage wells, 262, 262
hard water, 264
infectious microbes, 258–259
land management, 263
methylmercury, 262
natural substances, 263–264
nitrates

health effects, 256–257
sources and fate, 255–256

phosphorus
health effects, 257–258
sources and fate, 257

prevention, 265
rural industrial sources, 261–262
soil particles, 258
sources of water contamination, 265, 266–268
trace elements, 258
urban sources, 261
veterinary pharmaceuticals, 259
waste material, 262

water quality
agricultural drainage, 253
contaminants include, 253
Environmental Protection Agency, 252
health and safety professionals, 255
pollution, 252
row crop cultivation, 253, 253
rural and farm residents, 255
surface waters and shallow wells, 254, 254
Water Quality Act, 254

Water Quality Act, 254
water soluble insecticides, 212, 214
welding protective gear, 541
WHS see Work Health and Safety Act
wind turbine farms, 275
women

in developed countries, 44
European agriculture, 45
prevention

education, 48–49
healthcare services, 49

triple‐duty life style, 45
USDA 2007 Census of Agriculture, 44–45
women’s movement, 44
work exposures/risk factors

acute injuries, 45
behavioral/mental health, 47–48
depression, 48
dust‐related respiratory diseases, 46–47
fatigue, 48
pesticide exposures, 45–46
pregnancy outcomes and perinatal illness, 47
pressures and stress, 48
zoonotic infections, 47

work air‐quality environment assessment, 144
worker protection standard, 73, 515
work exposures/risks

eye problems, 69
green tobacco sickness, 68–69
healthcare service barriers, 71–72
heat‐related illnesses, 69–70
housing, 68
mental and behavioral health, 71
musculoskeletal injuries, 70
respiratory illnesses, 70–71
skin conditions, 70
toxic exposures, 68

workforce demographics
alternative or niche farming, 17
farm managers, 17

Work Health and Safety Act, 489
WPS see worker protection standard

youths, agriculture
agritourism, 49
awareness‐level education, 57–59
child on farm, 50, 50
community supported agriculture, 49
emotional stress, 51
fatal injury rate, 50–51
“hygiene hypothesis”, 50
non‐fatal injuries, 51
positive things, children, 50, 50
prevention

awareness‐level education programs, 57–59
barriers, 54
children, migrant and seasonal farm workers, 56
cultural factors, 56–57
effective safety supervision, 54
existing policies, 55
hazards removal, 53–54
interventions, 53
non‐work farm injuries, 56
resources and assistance, youth farm safety, 57
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safe behavior, 54–55
sociocultural barriers, 56–57

work exposures/risks factors
drowning, 51, 52
inflammatory reactions, 52–53
pesticide exposure, 52
physical injuries, 51
respiratory exposure risk, 52
zoonotic infections, 52

zoonotic diseases, 30, 35
agricultural occupational, hazards and risk, 437, 

446–449
Bubonic plague, 438
checklist, prevention, 437, 461
classification, 442–444
concepts, 437

emerging and re‐emerging, 441
epidemiologic characteristics, 442
future trends, 441–442
historical trends, 441
infectious occupational hazards, 437, 450–460
livestock industry, 438
prevention, 444
trends and patterns

agents in wildlife, 439
ecosystems, 440
environmental changes, 439
environment/extreme climate events, 439
herd immunity, 439
human and economic demographics, 439
immunocompromised persons, 439
international travel, 439
livestock production, 439
microbial adaptation, 439

WHO definition, 437
zoonotic infections, 47, 142–143

youths, agriculture (cont’d )
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Figure 4.1 Rhus allergic contact dermatitis. Left: linear pattern, sub‐acute stage. Right: diffuse pattern 
aerosol exposure from burning brush containing poison ivy plants and wearing no shirt.

Figure 4.2 Bulb finger: allergic and or chronic contact dermatitis. The allergen is tulipan A and the irritant 
is butyrolactone.



Figure 4.3 Phytophoto‐irritant contact dermatitis may be caused by plants of the Apiaceae family, which 
includes celery, carrot, and parsnip among others. The juices from these plants contain a furocoumarin that 
becomes a toxic irritant when exposed to sunlight.
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Figure 4.4 Wild parsnip (Pastinaca sativa) from the Apiaceae family is an invasive species that grows 
wild throughout most of North America, Canada, and northern Europe. It has a similar furocoumarin to other 
plants of this family and can cause a severe phytophoto‐irritant contact dermatitis, as shown here on a leg. 
(Source: USDA, http://plants.usda.gov/core/profile?symbol=PASA2.)
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Figure 4.5 Potential US range expansion of the invasive fire ant based on climate and other ecologic 
conditions. (Source: USDA, Agricultural Research Service http://www.ars.usda.gov/research/docs.
htm?docid=9165. Date last modified 5.10.2006.)



Figure 4.6 Compare the thickened and wrinkled skin from chronic exposure to skin protected by the 
shirt collar on this 65‐year‐old farmer.

Figure 4.7 Actinic kerratoses.



Figure 4.9 Squamous cell carcinoma: two different clinical appearances.

Figure 4.8 Basal cell carcinoma.
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Figure 4.10 The ABCDs of melanoma aid in the presumptive differentiation of a mole (nevus) from 
a melanoma. (Source: http://www.cancer.gov/types/skin/moles‐fact‐sheet#q9.)



Figure 9.7 The intermittent blanching episodes of the fingers and hands are referred to as primary 
Raynaud’s disease (a hereditary or developmental condition). This condition, also called “white fingers,” is 
caused by a spasm of blood vessels supplying the hand. It may also be caused or exacerbated by occupa-
tional long‐term use of hand‐held vibratory tools (“vibration white fingers”) and it is triggered by cold 
weather conditions.
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