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Preface 
 

 

Workers in agriculture represent about one quarter of all workers in the world. Agriculture 

embodies the essential human activity of producing food. Work and working conditions in this 

industry show large differences related not only to the type of crops and animals, but also to 

climate, financial, technical and social conditions. Working in agriculture can be rewarding, 

but it can be challenging as well and even hazardous. For this reason there is an urgent 

need to provide high-quality custom-made health care for the workers in agriculture.  

This book informs doctors, nurses and other medically educated or interested practitioners in 

primary, community and occupational health care on health problems due to work in agricul-

ture. The book is as well intended to be the 'heart' of a set of materials for a freely available 

course on Work and Health in Agriculture, developed for these practitioners by Learning and 

Developing Occupational Health Foundation. This course, comprising interactive classes 

scheduled for three days, provides opportunity to address the most relevant risks, diseases 

and measures in the community concerned. In the book the sections ‘Class on …’ refer to 

those classes. In a next edition, the health risks may be discussed according to specific agricul-

tural sectors like arable farming, dairy & pasture cattle, fruit production, glasshouse culture, horti-

culture, pig farming, poultry farming. 

We hope that you will enjoy reading and we welcome your remarks and suggestions. 

 

Maarten Verberk 

and 

Frank van Dijk  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The content of this book was prepared in the Working group Agriculture 

of Learning and Developing Occupational Health Foundation (LDOH) 

The members of the working group are: em. prof. Frank van Dijk, MD, PhD, Gert van der 

Laan, MD, Mieke Lumens, MSc, PhD, Ad de Rooij, MD and Maarten Verberk, MD, PhD. 

 



Work and Health in Agriculture 
  

ii 

 

 



 Contents 
  

iii 

Contents 

Preface i 

Introduction 1 

1 Basic Occupational Health Services 3 

1 Occupational and work-related disease and injury 3 
2 Fitness for work 5 
3 Health surveillance 7 
4 Recording work history 7 
5 Information, education and training of workers 8 
6 First aid and emergency support 8 
7 Evaluation and improvement of BOHS 9 
8 Susceptible groups 10 

Annex 1.1  Questionnaire Work History in Agriculture 13 
Annex 1.2  Presentation on BOHS in Agriculture for clients 18 
Annex 1.3  Flyer / poster Health and safety on the Farm 21 
Annex 1.4  Database of work-related diseases and injuries 23 

2 Workplace evaluation 25 

1 Reasons for workplace evaluation 25 
2 Some concepts used in workplace evaluation 26 
3 Preparation 26 
4 Assessment of workplace conditions 27 
5 Prioritization of actions 28 
6 Measures 28 
7 Reporting 30 
8 Implementation and monitoring 30 
9 Additional activities 31 

Annex 2.1  Checklist-64  Workplace Evaluation 32 

3 Respiratory diseases 34 

1 Dust 34 
2 Gases 36 
3 Upper airway inflammation 36 
4 Bronchitis 37 
5 Asthma 37 
6 Toxic alveolitis 38 
7 Allergic alveolitis 39 
8 Lung edema 39 
9 Susceptible groups 39 
10 Diagnosis 40 
11 Prevention 40 

4 Skin diseases 42 

1 Contact dermatitis 42 
2 Infectious dermatitis 46 
3 Arthropod-induced dermatitis 48 
4 Sun-induced skin disorders 49 
5 Skin disorders due to heat and cold 49 
6 Susceptible groups 50 
7 Diagnosis 50 
8 Prevention 50 

Annex 4.1  Documentation sheet Skin diseases 52 

5 Musculoskeletal disorders 53 

1 Low back pain 53 
2 Shoulder pain 55 
3 Lateral and medial epicondylitis 56 
4 Carpal tunnel syndrome 57 
5 Other MSDs 57 
6 Susceptible groups 58 
7 Diagnosis 58 
8 Prevention 58 

Annex 5.1  Documentation sheet MSD 61 



 Contents 
  

iv 

6 Zoonoses 62 

1 Overview of diseases 62 
2 Transmission of infectious organisms 64 
3 Zoonoses according to the main animal host 65 
4 Food-born helminthic diseases 65 
5 Soil-transmitted helminthic diseases 66 
6 Antibiotic-resistant bacteria 67 
7 Susceptible groups 68 
8 Diagnosis 68 
9 Prevention 68 

7 Mental disorders 71 

1 Etiology 71 
2 Classification 73 
3 Stress 73 
4 Anxiety 74 
5 Depression 74 
6 Posttraumatic stress disorder 74 
7 Abuse of substances 75 
8 Suicide 75 
9 Susceptible groups 75 
10 Diagnosis 75 
11 Therapy 75 
12 Prevention 76 

8 Pesticides and other chemicals 77 

1 Pesticides 77 
1.1 Insecticides 78 
1.2 Herbicides 81 
1.3 Fungicides 82 
1.4 Rodenticides 83 
1.5 Miscelaneous pesticides 83 
1.6 Selected effects of pesticides 83 
1.7 Susceptible groups, at-risk groups 85 
1.8 Diagnosis 86 
1.9 First aid at pesticide poisoning incident 86 
1.10 Prevention 87 

2 Veterinary medicines 88 
2.1 Biologicals 89 
2.2 Antibiotics 89 
2.3 Other medicines 90 
2.4 Prevention 90 

3 Disinfectants 90 

4 Fertilizers 91 

5 Other chemicals 91 

5.1 Nicotine 91 
5.2 Manure gases 92 
5.3 Silo gases 92 
5.4 Diesel fumes 92 
5.5 Field burning smoke 92 

Annex 8.1  General aspects of chemical exposure 94 

9 Physical Factors 98 

1 Noise 98 
1.1 Adverse effects 98 
1.2 Units of sound and noise 99 
1.3 Hazardous noise levels 100 
1.4 Susceptible groups 100 
1.5 Diagnosis 100 
1.6 Exposure limits 101 
1.7 Measurement of noise 102 
1.8 Prevention 102 

  



 Contents 
  

v 

2 Hand-arm vibration 104 
2.1 Adverse effects 104 
2.2 Units of hand-arm vibration 105 
2.3 Hazardous vibration levels 106 
2.4 Susceptible groups 106 
2.5 Diagnosis 106 
2.6 Exposure limits 106 
2.7 Measurement of hand-arm vibration 107 
2.8 Prevention 107 

3 Whole-body vibration 108 
3.1 Adverse effects 108 
3.2 Units of whole-body vibration 108 
3.3 Hazardous exposure 108 
3.4 Susceptible groups 109 
3.5 Diagnosis 109 
3.6 Exposure limits 109 
3.7 Measurement of whole-body vibration 110 
3.8 Prevention 110 

4 Heat 111 
4.1 Adverse effects 111 
4.2 Metabolism and heat transport 112 
4.3 Ambient temperature 113 
4.4 Work rate 114 
4.5 Acclimatization 114 
4.6 Exposure limits 114 
4.7 Susceptible groups 116 
4.8 Diagnosis 116 
4.9 First Aid 116 
4.10 Prevention 117 

5 UV radiation 118 

Annex 9.1  Evaluation of exposure to noise 119 
Annex 9.2  Evaluation of exposure to hand-arm vibration 120 
Annex 9.3  Evaluation of exposure to whole body vibration 121 

10 Accidents 122 

1 Accidents and their causes 122 
2 First aid 125 
3 Prevention 126 

11 Personal protective equipment 129 

1 Respirators 129 
2 Overview 132 
3 General aspects 133 

12 Networking in BOHS 136 

1 The health care team 136 
2 Stakeholders in occupational health care 136 
3 Stakeholders in general health care 137 
4 Other stakeholders 138 
5 Some legal aspects 138 

13 Information resources 140 

1 Use of search terms 140 
2 Some remarks on searching 140 
3 Reliable online sources 142 
4 Reliability of the information 143 
5. Relevance of the information 144 

Abbreviations 146 

Index 148 



 Contents 
  

vi 
 

Acknowledgements 

 

The authors want to thank for their contribution in the preparation of this book: Derk 

Bruynzeel and Jan Bakker for commenting on Skin diseases; Conny Heystek for commenting 

on Mental disorders; Gert van der Laan for recommendations concerning the presentation, 

Elly van Linschoten for language corrections and recommendations concerning the text; 

Mieke Lumens for her contribution to Workplace evaluation; Teake Pal for his contribution to 

Respiratory diseases; Ad de Rooij for his contribution to Musculoskeletal disorders, Zoono-

ses and Accidents; Paul Smits for commenting on Information resources. 

 Special thanks for valuable comments on an earlier version of this book go to the follow-

ing persons: Joan Boer, Netherlands; Leonardo Briceño Ayala, Colombia; Sashikala Chan-

drasekar, India; Thomas Fuller, USA; Astrid Garrido, Chile; Erik Jørs, Denmark; Begoña Mar-

tinez-Jareta, Spain; Nosimilo Mlangeni, South Africa; Suvarna Moti, India; Teake Pal, Nether-

lands; Shyam Pingle, India; Gunilla Roberts, UK; Somkiat Siriruttanapruk, Thailand; Astrid 

Sulistomo, Indonesia; Orrapan Untimanon, Thailand; Muzimkhulu Zungu, South Africa. 

 

For several chapters of the present book, the authors have gratefully made use of the text-

book by Donham KJ and Thelin A. Agricultural Medicine: Occupational and Environmental 

Health for the Health Professions (2006), Blackwell Publishing, USA. We mention: infor-

mation on special risk groups, respiratory diseases, mental disorders, zoonoses, pesticides 

and chemicals, heat. A second edition of this book has been published in 2016. 

 

 

 

 

 



 Introduction 

 

1 

Introduction 
 

 This book offers the practitioner in primary, 

community and occupational health care 

information for dealing with health prob-

lems in patients related to their work in ag-

riculture:  

■ Knowledge of work-related health risks 

in agriculture, 

■ Knowledge of causes, symptoms, diagnosis, therapy and prevention of work-related dis-

eases in agriculture, 

■ Knowledge of activities that constitute Basic Occupational Health Services. 

In this context, the book also discusses skills in farm workplace evaluation, creating a collab-

orative network and finding relevant knowledge. The authors hope to motivate the reader to 

mobilize colleagues, workers in agriculture and other stakeholders to promote optimal work-

ing conditions in agriculture. 

The approach in this book 

is in line with the concept 

of Basic Occupational 

Health Services (BOHS). 

BOHS refer to activities in-

tegrated in primary or com-

munity health care, that 

promote the health of 

workers in relation to their 

work1. Figure 1 shows sev-

eral fields of activity in pri-

mary health care. The 

work-related diseases are 

dealt with by BOHS. Under 

secondary health care the 

registered medical special-

ists and other experts are 

mentioned corresponding 

to the diseases shown. Occupational safety and health (OSH) experts comprise occupational 

physicians, occupational hygienists, safety experts and occupational health nurses; most of 

them function at the secondary level because of existing shortages. 

 The BOHS approach is being introduced in several countries, especially those where 

many workers have no access to expert-based occupational health care2. Workers in agricul-

ture constitute an important part of these underserved workers. It will be clear that the intro-

duction of BOHS requires special effort, training and also support, as most primary health 

 
1 The abbreviation BOHS may be somewhat confusing. By 'services' the authors refer to activities or 

a set of activities, not to specific providers. 

2 This introduction is supported by World Organization of Family Doctors (WONCA), World Health 
Organization (WHO), International Commission on Occupational Health (ICOH), International Labor 
Organization (ILO), International Occupational Hygiene Association (IOHA) and International Ergo-
nomics Association (IEA). 

Agriculture is one of the three most hazard-

ous sectors of activity in terms of fatalities, 

injuries and work-related ill-health. 

Agriculture: a hazardous work (ilo.org) (accessed 

2022-06-28) 

Figure 1. BOHS is the part of Primary Health Care (PHC) that deals with 
workers' health and disease. Secondary Health Care provisions must be 
available for support and referrals. 

https://www.ilo.org/safework/areasofwork/hazardous-work/WCMS_110188/lang--en/index.htm
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centers are overburdened by the regular demands of care. Fortunately, in several countries 

BOHS is formally incorporated in primary health care, and governments are funding such ini-

tiatives. These prove to be facilitated by stepwise introduction of the required additional 

tasks. An essential part of good primary health care is dealing with 'work' as a cause of dis-

ease, as a factor that can aggravate existing disease, and as an essential activity in life that 

can be hampered by disease.  

 To work effectively, the health care professionals who practice BOHS should collaborate 

within a network. Next to the workers in agriculture, such a network may comprise, health 

and safety (H&S) representatives of workers' organizations or employees, farm and planta-

tion owners, medical specialists, professional occupational health providers, nurse special-

ists, safety experts, occupational hygienists, ergonomists, veterinarians, laboratory facilities, 

and health volunteers. 

 Throughout this book, the expression 'workers in agriculture' refers to all persons directly 

involved in the growing of plants and raising of animals, and in the primary processing of the 

products: farmers, peasants, involved members of the family or the community, employees 

and temporarily hired workers including migrant and seasonal workers. It comprises both for-

mal and informal workers. 

 We mention here the crucial question that any practitioner in health care should ask any 

patient-worker: 
 

 Can your health problems have been caused by your work ? 

 

This question opens the gate to the field of occupational hazards to health and it invites the 

patient to participate in the exploration of causes and preventive possibilities. 

Where in this book is written 'he', 'him' or 'his', the reader should also read 'she' or 'her'. 
 

The authors hope that you will enjoy reading and that you will acquire useful knowledge, 

skills and motivation to support your activities in basic occupational health care for the work-

ers in agriculture.  
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1 Basic Occupational Health Services 
 

This book provides knowledge and skills that are specific to 

diseases and risk factors due to agricultural work. The 

knowledge and skills are preferably applied within a pro-

gram of Basic Occupational Health Services (BOHS, see 

Introduction). The services comprise various activities. This 

chapter discusses seven 'general' activities which are not 

connected to specific diseases. A most important activity, 

workplace evaluation, is addressed in Chapter 2. Network-

ing and information retrieval are addressed in Chapters 12 

and 13. The present chapter ends with a section on susceptible groups.  

 

1 Occupational and work-related disease and injury 

'Occupational disease' covers any disease contracted as a result of exposure to risk factors 

arising from work activity3. Many countries have a list of formally recognized occupational 

diseases4. A patient with a recognized occupational disease is sometimes entitled to financial 

compensation by law or practice. Most national lists contain only a limited number of - ‘clas-

sic’ - occupational diseases. In the reported statistics this results in a large underestimation 

of work as a cause of disease. This urged WHO to introduce the term 'work-related disease': 

a disease in which risk factors arising from work activity have contributed to some extent to 

its development. Consequently ‘occupational disease’ is a special category within the wider 

concept of work-related diseases: often it has a legal connotation and specified work factors 

are required as the main cause. As many cases of work-related disease do not meet these 

criteria, they still remain absent in official statistics. However, if the list contains a general cri-

terion like 'occupational origin of the patient's disease sufficiently demonstrated', his disease 

may still be recognized as 'occupational'. The authoritative ILO list indeed has such a crite-

rion3. 'Work-related injury’ refers to health damage due to an accident related to a person's 

work. 

In diagnosing an occupational disease in a patient 7 steps are often discerned. 

Step 1.  The worker should have typical, sufficiently severe symptoms5 to allow making a di-

agnosis. If the worker's disease is not on a formal list, the notifying person must produce con-

vincing evidence for recognizing his disease as occupational, especially concerning step 3. 

Step 2. Make an inventory of the suspected work-related causes of the worker's disease.  

 
3 Diagnostic and exposure criteria for occupational diseases - Guidance notes for diagnosis and pre-

vention of the diseases in the ILO List of Occupational Diseases (revised 2010) 2022, page viii. 
(accessed 2022-03-25). 

4 European Union annotated list occupational diseases, 2009. Information notices on occupational 
diseases a guide to diagnosis - Publications Office of the EU (europa.eu) (accessed 2021-12-18). 

5 In this book a symptom is considered to be a change in the body or mind which is an indication that 
a disease is present; it comprises both (physical) signs and (‘subjective’) symptoms. 

BOHS, activities 

1. Work-related disease 
2. Fitness for work 
3. Health surveillance 
4. Work history 
5. Education of workers 
6. First aid 
7. Evaluation of BOHS 

8. Susceptible groups. 

Both you and a self-employed farmer want to notify the health authorities that his disease is 

caused by his work. Which reasoning should you write down to substantiate a case of occupa-

tional disease? 

https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_836362/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_836362/lang--en/index.htm
https://op.europa.eu/en/publication-detail/-/publication/5d549879-7f75-4e89-b737-e19f530d1236/language-en
https://op.europa.eu/en/publication-detail/-/publication/5d549879-7f75-4e89-b737-e19f530d1236/language-en
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Step 3. There should be a causal connection between the disease and the supposed work 

factor(s) or exposure. This is implied in a formal list of occupational diseases with concomi-

tant exposures. If the worker's exposure is not mentioned in the list as a cause of his dis-

ease, a causal relationship can be argued using the scientific literature, an inventory of cases 

with a recognized similar occupational disease, a suitable website, or notices of an authorita-

tive (inter)national institute on work and health. 

 Step 4. The patient should have had an exposure to the risk factors that is considered suffi-

ciently intense and long-lasting to have induced the disease. Usually the intensity of expo-

sure can only be approximated. The notifier can describe workplace conditions and work pro-

cedures that suggest / indicate a sufficiently high exposure. Sometimes indirect evidence will 

do, for example decades of exposure to a noise level that prohibits conversation in case of a 

worker with hearing loss. Changes in symptom intensity that correspond with changes in ex-

posure intensity are also indicative: think of the start of employment, vacation. Likewise indic-

ative is the finding that other workers with the same exposure have similar symptoms. The 

latter two observations are arguments if a well-known relationship is lacking. 

 The temporal relationship between the exposure and the symptoms should be in agree-

ment with biological knowledge. Examples: a single one hour exposure to an organophos-

phorus pesticide is unlikely to cause an acute intoxication that starts two or more days later. 

One year of non-excessive exposure once a week to the herbicide 2,4-D (IARC class 2B: 

'possibly carcinogenic to humans') is unlikely to cause cancer within that period. The afore-

mentioned lists of occupational diseases of ILO (2022) and EU (2009) contain indications of 

quantitative and temporal requirements with respect to specific exposures. 

Step 5.  Compared to the risk factor(s) at 

work, a contribution of non-work related 

factors to the disease should be of minor 

value, insignificant or absent. Examples 

are similar etiological factors outside the 

workplace, smoking tobacco, alcohol 

abuse, etc. The relative size of the contri-

butions can only roughly be estimated.  

Step 6. Establish personal susceptibility 

with respect to the disease. Consider in this respect gender, age, migrant status, present 

chronic diseases and medication. Susceptibility should influence decisions on the continua-

tion of work. Reporting of susceptibility may not be required and may reduce the likelihood of 

recognition. Fortunately, a more than average personal susceptibility, for instance due to an 

existing allergy, COPD or another disease, often does not prohibit the recognition of an occu-

pational disease. 

Step 7. The examiner concludes whether he considers the worker's disease as 'occupational', 

and, if applicable, notifies the assigned authorities. A printed form or an online procedure 

may be available. Depending on actual regulations, especially on anonymity, notification of a 

case to authorities and/or employer may have negative consequences for the worker. So, the 

health professional should discuss and agree with the worker whether and how to report an 

occupational or work-related disease. Improvement of the working conditions may be more 

important for a worker than notification.  

  

Assessing an occupational disease  In brief: 

1. Distinct medical / psychological diagnosis, 

2. Inventory of the worker's suspected exposures, 

3. Causality of exposure type, 

4. Sufficient actual exposure, 

5. No / minor contribution of non-work factors, 

6. Personal susceptibility, 

7. Conclusion, notification (?), therapy, prevention. 
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 Notification of a case of work-related disease may 

be relevant in view of prevention and financial com-

pensation. Also 'new' work-induced diseases may be 

detected in this way. For a disease to be considered 

‘work-related’, the work predominance in step-4 

doesn't apply. 

  In case of an occupational injury, a description of 

the injury, the accident, its work-relatedness and the 

causal relation between both often will be sufficient. 

Referral of a patient suspected of a work-related dis-

ease may be indicated, especially when specialist ex-

aminations are required, for example biological sam-

pling for exposure assessment, microbiological tests 

or organ function tests. For the evaluation of work-relatedness a specialist or an expert team 

trained in specific occupational diseases may be needed. 

Treatment and prevention. If feasible, discuss with the employer the possibilities to lower the 

exposure. A safety expert, ergonomist or occupational hygienist may be consulted. 

Recording of occupational diseases by the authorities should give insight in their occurrence 

and result in preventive activities. The same may be valid for work-related diseases that are 

not officially recognized as 'occupational diseases'. 

 

2 Fitness for work  

Fitness for work is the ability of a person to fulfill the ordinary demands6 of the job. The as-

sessment is needed in two situations.  

 

2.1 Is the worker fit for his present work? 

The reason for this question, put by the worker or the employer, may be a present or recent 

disease or injury. The doctor may follow seven steps, which may be mentioned in a return-to 

 
6 'demands' comprise job tasks and corresponding 'usual' workplace conditions. 

Figure 1. Claiming a work-related injury 
(Surveillance of Injuries and Risk Factors 
in Using Workers’ Compensation Data | 
Great Plains Center for Agricultural Health 
(uiowa.edu), accessed 2022-10-15). 

Case: Sickness absence due to low back pain in horticulture 

Mrs. Ann, 45 years of age, with three children at home (18, 16 and 10 years of age, all going to 
school), lives in a rural village. For 15 years she has worked about 6 hours a day at a horticulture 
farm with 5 employees. Her work comprises trimming, disbudding, watering and fertilizing the crops, 
harvesting, washing and packing fruits and vegetables. Several job tasks require a nearly continu-
ous bent position.  
 In the past four months she has experienced increasingly severe low back pain. She used 
more and more analgesics. The pain temporarily diminished when she recently was a long weekend 
off-work during her children’s holidays. Now she visits the health center because last week she 
wasn’t able to work at all. After examination the doctor concludes that the muscles in her back are 
overstrained and that a more serious disease is likely to be absent. She prescribes one week of 
rest, which means: keep moving but avoid any back load.  
 After some days the nurse-specialist arranges a meeting at the farm with the employer and 
Ann. After inspection of the work sites, they make a return-to-work schedule. Ann will start with 3 
hours a day doing seated work and will gradually expand her activities. After three weeks they will 
have a follow-up meeting to evaluate the progress. In the meantime the employer will inform herself 
about practical tools and improved work practices minimizing working in a bent position. 

https://gpcah.public-health.uiowa.edu/surveillance-workers-compensation/
https://gpcah.public-health.uiowa.edu/surveillance-workers-compensation/
https://gpcah.public-health.uiowa.edu/surveillance-workers-compensation/
https://gpcah.public-health.uiowa.edu/surveillance-workers-compensation/
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work-advice and which offer a starting point for rehabilitation, therapy and adaptation or per-

manent improvement of the workplace.  

Step 1. Determine the extent of physical and mental disability of the worker. Observe also 

the related functions that are not affected. 

Step 2.  Inform oneself on the personal circumstances: economical and family situation; cop-

ing capacity and motivation, both of which can be supported. 

Step 3. Ask the worker or, if the worker permits, the employer about the intensity of the phys-

ical and mental workload, especially those components that burden the impaired functions.  

Step 4.  Inform oneself about the possibility of temporary work adaptation: reduction of the 

present workload, of the number of working hours a day, and change of job tasks. Also about 

the possibilities of support or coaching at work. 

Step 5. Consider whether the worker's disability would cause a danger for him at work, for 

co-workers or for others such as clients. 

Step 6. The examiner concludes whether the person is 'fit for work'. He should balance the 

disabilities against the specific work demands, and take into account personal circum-

stances, adaptation and support at work and possible endangerment. 

Step 7. If the person is not fully 'fit for work' the doctor or other professional of the health cen-

ter, the patient, and and/or the employer, should make a plan for actions and coaching to re-

turn to work, preferably with a time schedule7.  

The question could come up whether the patient is 

entitled to a sickness benefit. This question may 

interfere with the trusted relationship between the 

medical professional and his patient. Therefore, 

many countries operate a system in which the di-

agnosis and advice by the physician who treats 

the patient, is followed by a separate judgement 

regarding the payment by officials of the compen-

sation insurance system. 

2.2 Pre-employment examination 

The purpose is to protect the health of the applicant in view of the expected workload and to 

protect the safety of his fellow-workers. Knowledge of the expected job tasks and exposures 

(Step 3 above) is essential and points to required physical and mental functions (Step 1). 

However, the predictive validity of the measurement of such functions is questionable. If the 

job has extraordinary demands or the fitness of the examinee is not fully certain, the Steps 2, 

4 and 5 may pro-vide useful additional information to found an advice.  

 Most countries hold the opinion that an applicant should not be rejected if he has a dis-

ease or disability that will not aggravate by the future job and that does not impede the work 

tasks. Examples are: a chronic disease that is well controlled in the worker involved, for ex-

ample in case of diabetes, hypothyroidism, depression, the condition after successful therapy 

of a malignant disease; some permanent handicaps, for example missing a finger or an eye.  

The examiner may caution for contact with chemicals and animal birth products, espe-

cially during (potential) pregnancy, and check medicines for interference with work ability. 

 
7 Some countries require a physician's permission to return to work after long sickness absence.  

Fit for work? In brief: 

1. Assess disabilities, 

2. Assess coping capacity, 

3. Assess work demands, 

4. Assess support at work, 

5. Causation of danger at work, 

6. Balance disabilities against demands, 

7. Discuss return-to-work measures.  
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3 Health surveillance  

A remarkably high number and diversity of health complaints in fruit pickers has been noticed by 

your health center. Which examinations would you consider as part of a health surveillance? 

Health surveillance is the execution of examinations in a group of workers to detect signs, 

preferably early signs, of ill-health in order to prevent work-related diseases. Often it also in-

cludes detection of risks to health. 

 Health surveillance can comprise a set of medical and laboratory examinations which 

should be performed and documented in a standardized way. Exposure assessments8, re-

cording of work history (Questionnaire in Annex 1.1) and of usage of personal preventive 

equipment (PPE) may be included, as well as measurement of, for instance, lung function 

and hearing acuity. For agricultural workers examination for skin cancer may be relevant as 

well as cholinesterase activity in blood during the spraying season. Preventive activities may 

be added: tetanus immunization, checking for lifting techniques, and safety education. 

 Of course, surveillance should benefit the individual worker, whether it uses a 'narrow' 

approach, directed at potential harmful effects of his work, or a 'wider' approach. A wider ap-

proach means inclusion of early signs of ‘general’ diseases such as an elevated level of glu-

cose or cholesterol in blood, elevated blood pressure or high body-mass index. Examination 

may be considered as well for diseases like malaria, tuberculosis, HIV and Covid-19 as these 

tend to be advanced in unfavorable working and work-related housing conditions. 

 The health care practitioner is usually restricted to simple examinations. Criteria should 

be considered for referral of the worker to a specialist. The results of the health surveillance 

should be evaluated on group level, taking care of anonymization. 

 Health surveillance can also include the evaluation of the work conditions, for instance 

concerning harvesting and transport of fruits, cleaning of stables, spraying of pesticides. 

Such surveillance may be done for an individual worker or in a group of workers. Often the 

quality of the health surveillance benefits from collaboration with an expert9.  

 A situation may require that the examination will be repeated periodically10, for example 

audiometry every 3-4 years in case of unavoidable exposure to noisy machinery. Such con-

tact with workers is an opportunity to exchange information on new developments in their 

work, and on how to prevent adverse health effects due to work.  

 

4 Recording work history 

'Work history' may encompass a wide 

time window: from the start of some-

one's first job to the present. The re-

cording of an individual's history is 

needed in three situations. 

Situation 1. To assess the work-relat-

edness of an agricultural worker's dis-

ease. As far as possible, quantitative 

information is sought on the potential 

 
8 Biomarkers of exposure can be part of the examinations. 

9 Think of procedures for selection and invitation of participants, measurements, referral, reporting, 
evaluation, ethics. 

10 Some authors imply repeated individual examinations under 'health surveillance'. 

Part of Questionnaire Work history, from Annex 1.1 

………… 

10. Do you have contact with the following risks to health?  

 If Yes, please explain. 

a. Pesticides O No    O Yes ………… 

b. Medicines for animals O No    O Yes ………… 

c. Other chemicals O No    O Yes ………… 

d. Dust, especially airborne  O No    O Yes ………… 

e. Fume or gas O No    O Yes ………… 

f.  Extreme heat O No    O Yes ………… 

g. Noise O No    O Yes ………… 

h. Vibration on hands O No    O Yes ………… 

i.  Vibration on whole body  O No    O Yes ………… 

 ………… 
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causes at work. If a causal contribution of past jobs in other industrial sectors is suspected, 

the exposures concerned should be estimated as well. This invites to contact a past em-

ployer and often needs special expertise. 

Situation 2. To assess the restrictions in job tasks needed for a worker with reduced fitness 

for work. Preferably (semi)quantitative information is collected of those factors in the patient's 

work that induce a too high workload. A workplace visit may be indicated. 

Situation 3. General information on the current working conditions of a worker (see Question-

naire in Annex 1.1). This may signal a need for workplace improvement or it may be become 

relevant if a worker presents with a health problem in the future. Such information should 

preferably be collected for each worker, for example when registering with the health center. 

Recording of work history should also be included in a health surveillance program. 

 

5 Information, education and training of workers 

In addition to informing individual workers on disease prevention, 

usage of personal protective equipment, workplace improvement, 

etc., information of groups is important, too.  

The health center may dispose of an oral presentation and a flyer 

or poster, which explain the goals and activities of BOHS in sim-

ple words. Examples of these are presented in the Annexes 1.2 

and 1.3 to this chapter. When the workers in the area of the 

health center have been informed on the BOHS available, they 

will be more inclined to use the services and follow the recom-

mendations.  

 The health center may arrange educational sessions for agri-

cultural workers on healthy work practices. The workers will be 

encouraged to bring into practice the information given. For ex-

ample, as indicated by ILO in its WIND approach (Work Improve-

ment in Neighborhood Development): farmers apply a checklist 

on farm conditions, report the conclusions, design a plan to im-

prove their own workplace, etc. (Chapter 2). In such sessions the trainer and the group may 

profit from individual workers' experience.  

 Such health education may be hampered when workers are poorly educated and/or not 

familiar with the local language. Then non-verbal communication by photos, well-designed 

posters, and posture simulations may help a trainer to communicate the occupational safety 

and health (OSH) messages. When plantation workers cannot be contacted at their work-

place, instruction in their living community can be even an advantage as they can more freely 

communicate there with the trainer. By such approach the practitioner can promote that the 

community itself initiates improvements. 

 

6 First aid and emergency support 

To be prepared for delivering adequate help, the practitioner responsible should have visited 

the various workplaces and have informed himself of the risks and of the character of possi-

ble accidents. On this basis he can learn specific techniques and store up materials, for ex-

ample antidotes for arthropod stings, snake bites, incidents with pesticides; also antibiotics 

for fulminant infections. 

Figure 2. ILO encourages 
participation of workers 
(https://www.ilo.org/safe-
work/info/instr/WCMS_-
241019/lang--en/index.htm, 
accessed 2022-11-07). 

https://www.ilo.org/safe-work/info/instr/WCMS_-241019/lang--en/index.htm
https://www.ilo.org/safe-work/info/instr/WCMS_-241019/lang--en/index.htm
https://www.ilo.org/safe-work/info/instr/WCMS_-241019/lang--en/index.htm
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Check that at the worksite enough workers are ade-

quately trained in first aid. Observe the availability and con-

tent of first aid boxes11, stretchers, water sprays and other 

such materials according to a special checklist. Check that 

all workers know or have easy access to the phone num-

bers of ambulance, emergency medical services, fire bri-

gades and rescue organizations. 

 

7 Evaluation and improvement of BOHS 

Due to the burden of everyday activities and to lack of ex-

perience, the health care team is usually only partially able 

to evaluate the effectiveness of its BOHS activities. Of 

course, such evaluation is valuable because it might show 

that efforts should be redirected. Systematic documentation, which should be informative and 

not time consuming, is an essential condition for any evaluation.  

Regarding process evaluation, the team may record its activities which are mentioned in sec-

tions 1 - 6. This may comprise the number of: 

■ work-related diseases with the diagnoses and suspected causes. Some categorization is 

inevitable, which can be done after the diagnoses have been collected. Categorization 

simultaneously with the diagnosis is to be preferred but more demanding from an organi-

zational point of view (section 7.1), 

■ injuries due to accidents, 

■ fitness for work assessments: pre-employment examinations, advisory activities on sick-

ness absence and return to work, 

■ workers seen in health surveillance, with attention to specific outcomes, 

■ workplace visits, with results of follow-up, 

■ information and educational activities, 

■ training of the health care team members, especially related to BOHS. 

At the level of outcome evaluation attention should be paid to (1) improvement of the health 

of the workers in agriculture and (2) improvement of the working conditions of these workers. 

Just repeatedly recording health parameters or workplace conditions of a group can be in-

formative. But evaluating the influence of the health care on the actual health is complex, 

time consuming, costly and nearly impossible12. Such evaluation will be a rare exception, but 

from the point of view of workers' interest, scientific interest and government responsibility it 

can yield valuable information. 

 

 
11 Examples: https://www.farmerhealth.org.au/shop/first-aid/ (accessed 08-02-2021), and NASD - 

Safe Farm - Farm emergency and first aid kits (nasdonline.org) (accessed 08-02-2021). A health 
center might consider having kits available for selling. 

12  In principle it should comprise the health assessment of a sample of agricultural workers both be-
fore and (some years) after the introduction of BOHS; and the same assessments at the same 
points in time in a similar group that does not receive BOHS. However the execution of such a 
study is that demanding that it hasn't been done yet.  

Figure 3. Farm First Aid requires 
specific preparations (Farm-First-
Aid-Kit-Closed.jpg, (1000×1000) 
(wp.com), accessed 2022-1015) . 

As a staff member of your health center, you prepare a future evaluation of the recently intro-

duced BOHS. How will you collect the relevant information to use after two years?  

about:blank
https://nasdonline.org/2489/d002315/safe-farm-farm-emergency-and-first-aid-kits.html
https://nasdonline.org/2489/d002315/safe-farm-farm-emergency-and-first-aid-kits.html
https://i0.wp.com/antiquetractorblog.com/wp-content/uploads/2015/09/Farm-First-Aid-Kit-Closed.jpg?ssl=1
https://i0.wp.com/antiquetractorblog.com/wp-content/uploads/2015/09/Farm-First-Aid-Kit-Closed.jpg?ssl=1
https://i0.wp.com/antiquetractorblog.com/wp-content/uploads/2015/09/Farm-First-Aid-Kit-Closed.jpg?ssl=1
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7.1 Database work-related diseases & injuries 

A rural health center keeps a simple database as described in Annex 1.4 to evaluate their BOHS 
activities. The administrator compares twice yearly the recent data with the cumulative data of the 
past three years. In this way she detects a recent increase of category '009 Diseases of the visual 
system' in combination with the injury category '104 Contact with moving machinery'. Without the 
database this increase likely would have passed unnoticed. In one of these entries 'threshing ma-
chine' is recorded as the cause.  
 The administrator studies the patients' medical records and finds that they had eye injury. She 
contacts the patients and detects that they bought a new cheap threshing machine, which was in-
tensely advertised. The health center sends a telephone warning to all subscribed agricultural work-
ers, and informs the retailer of the machine and the labor inspectorate. This example of early re-
vealing of a common cause of disease is a database application additional to the regular reporting 
and evaluation. This example is fictitious but might be a realistic one.  

A system that aggregates individual data requires some rules in the recording of the data. 

Suggestions: 

- the system should be practical and – consequently - have a small number of categories, 

- a simple Excel file can suffice: example in Annex 1.4, 

- the WHO disease classification ICD-1113 is recommended, 

- a suggested list of causal agricultural factors is present in Annex 1.4,  

- an entry ('case') consists in principle of the (work-related) disease, the (suspected) causal 

work factor, an identifier unique for the patient, the patient's gender and year of birth, and 

the date of diagnosis. If for some reason details are needed the patient's medical file may 

be inspected (respecting privacy!). An additional column may be added for special remarks, 

for instance on protective devices. 

 

 
8 Susceptible groups 

For several groups14, properties and conditions are mentioned that are somewhat specific for 

that group. Many individuals are hesitating to communicate their problems with health care 

providers. So workers should be taken seriously when they present a complaint or question 

at a health care center. 

Female workers  

Women may be more susceptible than man to acquire adverse effects due to farm work, for 

example heavy physical workload; more studies on this subject are needed. Further, women 

on the farm have a multiple load: farm work, care for the family, possibly off-farm work, 

 
13 WHO, 2021. ICD-11 - Mortality and Morbidity Statistics (who.int) (accessed 2021-12-18). 

14   Alcohol, tobacco or drug abuse, allergy and nutritional deficiencies, are not discussed here. 

Database Work-related diseases and injuries   (example) 

Record 

number 

Disease 

1 

Disease 

2 

Work 

factor-1 

Work 

factor-2 

Patient 

identifier 

Gen-

der 

Birth 

year 

Date disease 

diagnosis 

001 013 - 217 - 0147 M 2008 2021-01-02 

002 012 014 204 - 0061 F 1980 2021-01-14 

003 014 - 212 102 0094 F 1972 2021-01-14 

etc.     
    

about:blank
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sometimes insufficient health care services. This may result in fatigue, headache, stress, de-

pression, muscle pain, etc. Child loss, separation from family, a lack of respect by family, em-

ployer and society may aggravate their conditions.  

 Recommendations: education in farm health and safety should include women. They of-

ten have a steering role in family life. Therefore, 

strengthening their level of information and skills is 

beneficial to all family members. Washing of clothes 

contaminated with pesticides, birth products, or 

other hazardous materials should be done carefully 

(by anybody), using gloves.  

 Women who are or may be pregnant should 

avoid contact with livestock giving birth and with 

sick newborn animals to prevent infection with zo-

onotic microorganisms that can induce abortion or 

otherwise threaten the unborn child. According to 

the literature, contact with pesticides on the farm is 

associated with a decrease in fertility, increase of 

abortion rate, and increased rate of leukemia and 

brain tumors in offspring. Contact with pesticides 

should be avoided and they should not handle or 

wash contaminated clothing and boots15. 

 Concerning early pregnancy, information on the risks to the unborn baby should have a 

permanent character: folders in the health care center, a banner on the center's website, 

posters in public spaces, or any other means of spreading information. 

Male workers  

Males who are active to beget a child should, more than usual, avoid potentially detrimental 

exposures, for example to pesticides. They should be offered the same means of information 

as mentioned for early pregnancy, see Female workers. 

Youth 

Young children may be exposed to pesticides by playing in fields or irrigation channels or by 

eating food contaminated by soil. They have a substantially increased risk of infection by ani-

mal intestine bacteria, for example Campylobacter and Salmonella. 

 Recommendations: safe playing areas and supervision to prevent injuries and drowning, 

hygiene education, avoid activities and tasks that are inappropriate for the age, avoid 'pas-

senger riding' on a tractor. 

Elderly 

By far the highest risks are acute injuries from machinery, especially insufficiently equipped 

tractors, injuries from falls or from animals. However, many of the elderly farmers suppose 

electrocution and chemicals to be the primary dangers. Age-related loss of force, dexterity, 

balance, reaction speed and sensory function play a role. Personal protective equipment is 

undervalued by many elderlies. 

 Recommendations: interrupt working when tired or ill; do not work alone unless with a 

cell phone. Realize one's age-related impairments, emphasize the necessity of PPE such as 

gloves and goggles. 

 
15  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337292/  (accessed 2021-02-08).  

Figure 4. Poster on prevention of birth de-
fects (15_258068-E_Pact Buttons 580 x 580 

(cdc.gov), accessed 2020-11-30). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337292/
https://www.cdc.gov/ncbddd/birthdefects/buttons/pact/Pact-Buttons-580x580.pdf
https://www.cdc.gov/ncbddd/birthdefects/buttons/pact/Pact-Buttons-580x580.pdf
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Workers with a chronic disease or handicap 

Examples are chronic respiratory disease, heart disease, cancer, diabetes, arthritis, 

HIV/AIDS, post stroke condition; a handicap due to an accident or other cause. Each disease 

brings its own impairments, which may differ significantly from person to person.  

 Recommendations: a tailored approach is needed, see section 2 ‘Fitness for work’. Con-

sider also the chronic use of medicines and its consequences for work ability16. 

Working conditions of migrant and seasonal workers 

Migrant workers work in a state (country) of which they don't have the nationality or they work 

in a region far away from their original residence. The work of seasonal workers is only avail-

able in specific seasons. Many of these workers are 'informal' and have marginal housing 

and sanitary conditions. Facilities for showering and washing of clothes are often lacking. 

Such conditions promote the spread of tuberculosis and other infectious diseases. Occasion-

ally they may be more susceptible to harmful agents than the autochthonous population, for 

instance due to gene polymorphism. Protection against pesticides, plant materials and sun is 

often poor. High workload combined with time pressure strains muscles and joints harmfully. 

Separation from family and one’s own culture, language problems, discrimination, add to 

stress and easily result in depression. The families of these workers, if nearby, will often suf-

fer under these conditions as well. Some more problems are described in Chapter 8.1.7. 

 Recommendations: respect the Rights for Migrant Workers as adopted by WHO, de-

clared by UN17 and ratified by many states. Important rights are: safe and clean working con-

ditions, due protection during pregnancy, reasonable amount of working hours and rest, and 

freedom of association and of joining a trade union. The USA also requires: written infor-

mation in the worker's language on employment conditions and on worker protection. In gen-

eral, training in one’s own language in health and safety and in use of PPE is a must. 

 

Class on Activities of Basic Occupational Health Services 

Depending on the preferences and experiences of the participants, the activities of BOHS as men-

tioned in this chapter will be discussed, especially in view of introducing or improving these activities in 

a primary health care facility.  

 

Further information 

1. Rantanen J. 2007. Guideline on Basic Occupational Health Services.(21 pages) Finnish Institute of 

Occupational Health (FIOH). Microsoft Word - BOHS 3 Edition28Sept2007 _3_.doc (julkari.fi) (ac-

cessed 2021-12-18). 

2. Siriruttanapruk S et al. 2009. Promoting occupational health services for workers in the informal 

economy through primary care units (ilo.org) (accessed 2021-12-18). 

 

Information for agricultural workers 

See Annex 1.3 

 
16 AgrAbility. Intends to enhance quality of life for workers with disabilities in agriculture, which in-

cludes providing evidence-based information related to treatment and rehabilitation of disabling. 
conditions, for example arthritis, spinal cord injuries/paralysis, back impairments, amputations, cer-
ebral palsy, respiratory impairments. http://www.agrability.org/ (accessed 2020-03-15). 

17  Office of the United Nations High Commissioner for Human Rights (OHCHR). International Con-
vention on the Protection of the Rights of all Migrant Workers and Members of their families. New 
York and Geneva, 2005;page 23-57. FactSheet24rev.1en.pdf (ohchr.org) (accessed 2021-12-18). 

https://www.julkari.fi/bitstream/handle/10024/135069/Basic%20Occupational%20Health%20Services.pdf?sequence=1
https://www.ilo.org/asia/publications/WCMS_114237/lang--en/index.htm
https://www.ilo.org/asia/publications/WCMS_114237/lang--en/index.htm
about:blank
https://www.ohchr.org/_layouts/15/WopiFrame.aspx?sourcedoc=/Documents/Publications/FactSheet24rev.1en.pdf&action=default&DefaultItemOpen=1
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Annex 1.1  Questionnaire Work History in Agriculture18 

  

Introduction for Health Center 

 

This questionnaire can be used for the recording a patient's work history in agriculture. Adjustment to 

the local situation should be considered.  

 

The (printed) form is thought to be completed by the worker. Subsequently it should be checked and 

reviewed with the worker by a trained practitioner. The form can also be used in an interview, espe-

cially when the worker has limited experience with a printed questionnaire or has a problem with lan-

guage. 

 

Depending on the application, specific elements may be detailed and quantified.  

In several questions more dotted lines may be added. 

In case of a suspected work-related disease, consider to complete a second similar form for past jobs 

in agriculture. 

 

The questions are deliberately structured in the following order: 

  1  -  4 General description of the present work 

  5  -  7 Potential work-related health problems 

  8 Present pregnancy and health condition 

  9 - 17 Specific work conditions 

18 - 19 Employment and other work-related conditions 

 

When presenting the questionnaire to the worker, mention its purpose, the confidentiality, and the re-

view with possibility of clarification after completion. 

 

The questionnaire starts on the next page. 

 

 

 

  

 
18 This questionnaire was constructed by one of the authors (MV). 
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CONFIDENTIAL  
 

This form is intended for insight in your work history and work conditions and so to better understand 

any health problems that you may have now or that you may have in the future.  

Do not worry if a question is unclear or your answer is difficult; after completion you have the oppor-

tunity to discuss questions in order to clarify the subject. 

All the information in this form is confidential (Law …. on medical confidentiality). It means that only 

qualified health personnel of this Institute is allowed to read it, and that they are forbidden to inform 

others (for instance your employer). The information can be shared with others only when you have 

given written permission. 

 

Date: ………………………………...…….. [ Examiner:  ············································· ] 

Patient name: …………………………..………...… Surname:  ··············································  

Date of birth: ………………..…… Gender:  M / F  Address  ··············································  

Occupation: …………………………...…….… → Specify  ··············································  

 

1. What type of work do you do ?   

  ································································································································  

 

2 When did you start with your present work ? 

 Year ………… (Month …………….) 

 

3. Do you have contact with plants ?  

 O No    O Yes  

 If yes, what kind of plants ?   ······················································································  

 

4. Do you have contact with animals ? 

 O No    O Yes  

 If yes, what kind of animals ?   ····················································································  

 

5. Do you think that your work affects your health, or has affected your health* ? 

 O No    O Yes  

 If yes, which element(s) in your work do you suspect ? 

  ····························································································································  

 If yes, which symptoms of ill-health do you ascribe to your work ? 

  ····························································································································  

 If yes, are these symptoms less or absent on days that you do not work ? 

  ····························································································································  

If yes, do you know of other workers with similar work as you have, who have (had) complaints 

of ill-health similar to those that you have ? 

 O No    O Yes  

 If yes, please explain   ··························································································  

 

* You may think of problems with respiration, skin, muscles, joints, hands, feet, eyes, other body parts, 
hearing impairment, intoxication, heat exhaustion, stress, mental or other problems. 

 
6. During work in agriculture have you been victim of an accident with long-term impairment to your 

health or capacity ? 

 O No    O Yes  

 If yes, please explain   ······························································································  
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CONFIDENTIAL 
 

7. Do you have job tasks that have become more difficult for you for health reasons ? 

 O No    O Yes 

  If yes, Which task goes more difficult specifically? 

   ····························································································································  

 Since when do you have this problem ? 

 Year ………… (Month …………….) 

 

8. Are you pregnant, or are you engaged in begetting a child? 

 [ You can fill in here the answers to question 8, or you can discuss them after completion of 

the questionnaire. ] 

 O No    O Yes 

 Do you have a handicap or chronic disease that hampers, or may hamper your work ? 

 O No    O Yes 

  If yes, please explain  

   ····························································································································  

 Do you feel healthy now and in the past week, apart from possible health problems due to your 

work ? 

 O No    O Yes 

  If no, please explain 

   ····························································································································  

  

9. Describe your main work activities and their duration in hours/day or hours/week.  

 If there are big differences between seasons, describe each season separately. 

 Season-1 (= ….………….)  ·····························································································  

  ································································································································  

 Season-2 (= ….………….)  ·····························································································  

  ································································································································  

 Season-3 (= ….………….)  ·····························································································  

  ································································································································  

 

10. How many hours do you mostly work during a day ? ……………, during a week ?  ·····················  

 if applicable, specify according to season  ·········································································  

  ································································································································  

 Do you have regular working hours and weekend breaks ? 

 O No    O Yes 

 If no, please explain   ································································································  

  ····························································································································  

 Do you have to work excessive overtime ? 

 O No    O Yes 

 If yes, please explain   ··························································································  

  ························································································································  

 
11. Do you have contact with the following risks to health ?  If Yes, please explain; after the last ques-

tion is room for additional explanation.  

a. Pesticides, for instance insect-, 

    weed-, mould-killing agents O No    O Yes  ····························································  

b. Medicines for animals, 

for example antibiotics O No    O Yes  ····························································  

c. Other chemicals O No    O Yes  ····························································  

d. Dust, especially airborne  O No    O Yes  ····························································  

e. Fume or gas O No    O Yes  ····························································  
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CONFIDENTIAL 
 

f.  Extreme heat O No    O Yes  ····························································  

g. Noise O No    O Yes  ····························································  

h. Vibration on hands O No    O Yes  ····························································  

i.  Vibration on whole body  O No    O Yes  ····························································  

j.  Infrared radiation O No    O Yes  ····························································  

k. Ultraviolet radiation from 

    another source than sun  O No    O Yes  ····························································  

l.   Microwaves  O No    O Yes  ····························································  

m. Harsh sunrays on skin O No    O Yes  ····························································  

n.  Diseased animals** O No    O Yes  ····························································  

o.  Hay (or similar) with mould O No    O Yes  ····························································  

 

** Note that a person from the start (!) of her pregnancy should reduce contact with animals and avoid 

contact with birth products of animals. If such is inevitable: use gloves or wash hands.  

 

12. Do you use personal protective equipment, for example gloves, ear or eye protection, protection 

against sun, respiratory mask ?  

 Mention here each factor (see 10) with which you have contact (answer Yes to question 10); 

name the protective equipment and the frequency that you use it during exposure to that factor. 

 

  (nearly)  (nearly) 

 Risk to health (see 10) Protective equipment always often sometimes   never 

 ………………………. ………………………..       O   O        O     O 

 ………………………. ………………………..       O   O        O     O 

 ………………….…… ………………………..       O   O        O     O 

 …………………….… ………………………..       O   O        O     O 

 ………………….…… ………………………..       O   O        O     O 

 

13. Does your work comprise unfavorable physical activities, for example lifting heavy loads, forceful 

tasks, work in troublesome posture, repetitive motions, long hours machine-paced work ? 

 O No    O Yes 

 If yes, what kind of activity ?   ·····················································································  

  ····························································································································  

 what is the duration of this activity?  ·············································································  

 

14. Are you prone to accidents in your work, for example work at heights, driving special vehicles, op-

erating machinery, work with sharp tools or materials, electricity, etc. ? 

O No    O Yes 

 If yes, please explain   ······························································································  

  ····························································································································  

 

15. How is your relationship with your co-workers (if applicable) ? 

  ································································································································  

  ································································································································  

 How is your relationship with your supervisor (if applicable) ? 

  ································································································································  

 

16. Are there factors in your work that cause stress to you ? 

 O No    O Yes 

 If yes, what kind of factor ?   ·······················································································  

  ····························································································································  

  ····························································································································  
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CONFIDENTIAL 
 

17. Have you experienced in your work environment: violence, harassment, victimization or similar, or 

are you worried that it will occur to you ? 

 O No    O Yes 

 If yes, you may explain here, or discuss it after completion of the questionnaire    ··················  

 ····························································································································  

 

18. The following questions refer to your employment conditions. 

 What is the distance between the place where you work and the place where you  

    reside ? ……..km (or ……mile) 

 

 How do you travel to your work ? 

  ································································································································  

  

 How much time do you spend to travel to your work ? 

    ………hours, ………. minutes 

 

 Where do you stay during the hours that you do not work, for example at night ? 

     ······························································································································  

   Is that place sufficiently comfortable ?  

   O No    O Yes 

 If no, please explain    ·····························································································  

   Does that place have a hygienic toilet and clean water ? 

   O No    O Yes 

 If no, please explain    ·····························································································  

  

 What kind of meal do you have during / between working hours ? 

  ······························································································································  

 

 Do you have a reasonable income from your work ?  

   O No    O Yes 

 

 

 Are you a migrant or seasonal worker ?  

   O No    O Yes 

 

 

19. Are there other elements in your work or related to your work that may be relevant for your health 

or for your complaints ? 

  ································································································································  

 
Please write down any points that you intend to discuss with the expert. If needed, continue here be-

low or on the backside. 
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Annex 1.2  Presentation on BOHS in Agriculture for clients 

 

In the Teacher's Manual that goes with this book this presentation is present as a Powerpoint 

file. The term 'client' is used in a wide sense. It reflects the intention of the health center to 

inform the workers in agriculture and their families within the center's catchment area, to es-

tablish a relationship with them and preferably register them. 

It is suggested to adapt pictures and text to the local situation. 
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Annex 1.3  Flyer / Poster Health and safety on the Farm    

Fix this poster on a wall where you see it regularly (front side) 

Health and safety on the Farm 
 

East Valley Health Center    Green Oak Road 23,   1234 AB  Corntown,     Phone 052 987654.   www.evhc.xy 
 

The Health Center offers, in addition to the usual general health care,  

special facilities related to the health risks due to agricultural work. 

1. Workplace conditions 

 Maybe you feel that some conditions on the farm at which you are working, are not good 

for your health. Or you feel ill and you think that your work is a cause of your sickness. 

Then you can visit the Health Center and discuss these conditions as they are at your 

work. An inspection of the farm by an expert of the center is possible. The expert makes a 

report and recommends improvements if needed. The expert will advise you how to obtain 

those better working conditions. 

2. Occupational disease 

 Maybe your disease or complaints are due to your work. The center can investigate this 

and determine if your work was the cause. The center can inspect your farm or workplace 

and advise for improvements that eliminate the cause of the disease. 

 The center can also, in concert with you, report the disease to the insurance company, 

Social Security institution and / or authorities. The center can mediate for a solution. 

3. Fitness for work 

You may feel sick and you doubt if it is wise to continue working. Or you may consider a 

job in agriculture, but you have a chronic disease or a handicap. Then the center can ad-

vise you what to do, considering your condition and your work situation. If opportune the 

center can advise and mediate for temporary or permanently adapted working conditions. 

4. Health surveillance 

 The center offers to all workers in East Valley area regular health examinations. These 

are especially for those workers with less favorable working conditions, for instance in ag-

riculture. The frequency varies from once in 4 years to once in a year. This health surveil-

lance serves to detect work-related ill-health in an early stage. In that situation usually re-

covery is possible and the causal factors at work can be reduced or eliminated. 

5. Pregnancy 

 If you or another worker at the farm is pregnant, or if you and your partner are considering 

or trying to beget a child, you are welcome to the Health Center, which is prepared to in-

form you about especially job-related hazards to the mother and her unborn child. 

6. Information 

 If you have a question on health and work, especially agricultural work, the Center will an-

swer that. If the center has no prompt answer, they will ask their professional relations and 

search the literature and Internet. If you are registered at the center, it will send you regu-

larly relevant information on Work and Health.  

 
We recommend you register at the Health Center to facilitate any contacts. 

  

http://www.evhc.xy/
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Checkpoints and timing should be adapted to the local situation  (back side) 
 

Health and safety on the Farm: twelve Checkpoints 
 
Check the item on the first day of the month indicated; record measures as taken.  
Ask the Health Center for the booklet and/or instruction that explain the items. 
Change or add items and data if your farm or work require so. 
 

 

January Are transport routes and vehicles in good condition for the transport of 
people and materials. 

 
February Are tools and machinery in good condition, and conveniently and safely 

arranged. 
 
March Use / provide appropriate containers, pallets or trays for storing and 

moving materials and farm products. Same for collecting waste. 
 
April Check electrical apparatuses, switches, connections, lighting. 
 
May Check that sufficient light and ventilation is available inside buildings. 
 
June Use / provide stable chairs or benches of the correct height, with sturdy 

backrests. Arrange variation in working posture. 
 
July Check conditions, including hygiene, of any animals on the farm.  
 
August Check condition of fire extinguisher and first aid kit. 
 
September Check condition of Personal Protective Equipment. Check condition of 

toilets etc. 
 
October Inform yourself on new developments regarding health and safety. 
 
November Check the attention for potential susceptible persons at work: female 

workers (pregnancy), young & elderly workers, migrant workers. 
 
December Are noise and vibrations under control. 
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Annex 1.4  Database of work-related diseases and injuries 

 
This database can be used to evaluate the activities of BOHS as delivered by the health center. The 
insight   obtained can be for preventive actions that go beyond the individual. 

A health practitioner may use the following form to enter the data of patients.  
In practice Microsoft Excel or other spreadsheet may be used. 
 
The following procedure is recommended. 
1. Record the usual, necessary data in the patient's personal file.  
 For a (suspected) work-related disease, apply the considerations described in Chapter 1.1. In brief: 
 1. Distinct medical / psychological diagnosis, 

  2. Well-known causal exposure type, 
 3. Sufficient actual exposure, 
 4. Minor contribution of non-work causes, 

2. Fill in one line of the form 'Database Work-related diseases and injuries', based on the data in the 
patient's personal file (example below).  

 Choose one (in due cases two) disease category from List-A, fill in. 
 Choose one (in due cases two) work factor(s) from List-B (accidents) and/or List-C (non-accidental 

exposure), fill in.  
 Complete the patient data in the database; the patient identifier number is the same as in the pa-

tient's personal file. 
Remark: For its own database a health center may use a wider concept of 'occupational disease'. For 
that reason the above consideration (2) on exposure is more flexible than the consideration (2) in 
Chapter1.1. which reads 'formally recognized exposure type'. 
 

Database Work-related diseases and injuries*   (example) 

Record 
number 

Disease 
category 1 

Disease 
category 2 

Work 
factor-1 

Work 
factor-2 

Patient 
identifier 

Gen-
der 

Birth 
Year 

Date disease 
diagnosed 

001 013 - 217 - 0147 M 2008 2021-01-02 

002 012 014 204 - 0061 F 1980 2021-01-14 

003 014 - 212 102 0094 F 1972 2021-01-14 

004 008 - 210 - 0061 F 1980 2021-02-09 

005 006 - 209 - 0250 M 1967 2021-02-15 

         

     
    

* For a remark on disease or work factor, use page 2 and mention the record number. 
 
List A. Diseases (according to ICD-11, WHO 2021, slightly adapted19) 
 
001 Certain infectious and parasitic diseases 
002 Neoplasms 
003 Diseases of the blood and blood-forming organs 
004 Diseases of the immune system 
005 Endocrine, nutritional and metabolic diseases 
006 Mental and behavioral disorders 
007 Sleep-wake disorders 
008 Diseases of the nervous system 
009 Diseases of the visual system  

 
19  ICD-11 - Mortality and Morbidity Statistics (who.int)  A more specific diagnosis might be added in 

an additional column of the database. For instance, when Disease category 15 is applicable, the 

disease name or the joint, muscle or other tissue may be recorded using a list prepared with code 

numbers. 

about:blank
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010 Diseases of the ear and mastoid process 
011 Diseases of the circulatory system 
012 Diseases of the respiratory system 
013 Diseases of the digestive system 
014 Diseases of the skin 
015 Diseases of the musculoskeletal system or connective tissue 
016 Diseases of the genitourinary system 
017 Conditions related to sexual health 
018 Pregnancy, childbirth and the puerperium 
019 Certain conditions originating in the perinatal period 
020 Developmental anomalies 
021 Injury due to external cause 
022 Other or non-classifiable  
 
 External work-related causes of morbidity and mortality  

List B. Work-related accidents (numbers 104-118 originate from Chapter 10) 

101 In/on land transportation vehicle 
102 In water transportation vehicle 
103 In air transportation vehicle 
104 Contact with moving machinery 
105 Struck by moving/flying/falling object 
106 Struck by moving vehicle 
107  Strike against something stationary 
108 Injured while handling, lifting/carrying 
109 Slips, trips or falls on same level 
110 Falls from a height 
111 Trapped by something collapsing / overturning 
112 Drowning or asphyxiation 
113  Harmful substance (accidental exposure) 
114 Fire 
115 Explosion 
116  Electricity 
117  Animal kept for production (injury) 
118  Animal, other 
119 Act of violence 
120  Other or non-classifiable (work-related) 

 
List C. Non-accidental work-related exposure 

201 Ergonomically unfavorable conditions 
202 Organic dust 
203 Plant & derived materials 
204 Animal & derived materials 
205 Bacteria 
206 Viruses 
207 Fungi 
208 Psychosocially unfavorable conditions 
209 Employment conditions (working times etc.) 
210 Pesticides 
211 Veterinary chemicals 
212 Disinfectants, cleaning agents 
213 Fertilizers  
214. Other chemicals 
215 Noise 
216 Vibration 
217 Extreme temperature 
218 Radiation (UV, sun, ..) 
219 Other or non-classifiable (work-related)  
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2 Workplace evaluation 
 

Workplace evaluation (WE) is the process of assessing 

the working conditions in a certain area in order to attain 

or preserve a safe, healthy, comfortable and productive 

place to work.  

 Workplaces in agriculture are highly diverse as to 

scale, from small peasant family farm to large plantation, 

as to products, for example vegetables, fruits, milk, ani-

mals, and as to soil condition, climate, personnel, etc. 

This diversity indicates that ample experience may be 

needed to perform a thorough evaluation of workplaces. 

Evaluation implies the ability to recognize and judge the many and diverse kinds of hazards 

that may be present. It also implies the knowledge of how to improve the workplace condi-

tions in the most practicable way. 

 Workplace evaluation is the core instrument of primary prevention of agriculture induced 

disease. The recommendations for improvements in the workplace are not only for the bene-

fit of the workers but also of the farm owner. Apart from the need to comply with legal obliga-

tions, his advantage is that his workers are less likely to contract a disease or receive inju-

ries, resulting in less sick leave. Other advantages may be fewer material losses, better moti-

vated and productive workers and a better reputation.  

 To reach optimal results, it is crucial for the expert performing the WE to realize that he 

is in the position of an advisor. As an advisor he has to promote an atmosphere of mutual 

trust and has to rely on well-thought arguments and has to listen understandingly. The advi-

sor should be aware of local conventions, for instance in 

arranging a program of workplace improvements.  

 In the concept of Basic Occupational Health Ser-

vices (BOHS), each primary health care center should 

have a person with experience in WE. 

 

1 Reasons for workplace evaluation 

1.  A patient presenting with a disease that is suspected 

to have originated from agricultural work, which has 

to be studied in more detail. 

2.  A patient with a disease or handicap who may re-

quire specific restrictions, support or helpful tools in 

his job tasks.  

3.  A worker in agricultural showing a work history that 

indicates unfavorable working conditions requiring 

evaluation. 

These situations point to a selective WE, i.e. focused on 

the specific work factors or hazards of concern. This 

chapter, in combination with other chapters, provides 

sufficient starting material for a selective WE. If similar 

situations are present for more workers, one should 

consider expanding such a WE to similar farms or plan-

tations in the area. 

Workplace evaluation (WE) 

1. Reasons for WE 
2. Concepts in WE 
3. Preparation of WE 
4. Assessment of workplace 
    conditions 
5. Prioritization of actions 
6. Measures 
7. Reporting 
8. Implementation and monitoring 
9. Additional activities 

Figure 1. The backload due to the unfa-
vorable work posture of sheep shearing 
is reduced by means of the trunk sup-
port sling (https://www.wiki-
wand.com/en/-Sheep_shearing, ac-
cessed 2022-10-15). 

https://www.wikiwand.com/en/-Sheep_shearing
https://www.wikiwand.com/en/-Sheep_shearing
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4. Concern on working conditions of the health center, farm owner, government, local admin-

istration, labor union or other institution can be the reason for a general WE, i.e. directed 

at all work factors and hazards in a workplace. 

A health center may also invite farmers for a meeting on good farming practices, which may 

be chaired by an expert or by a well-informed leader of a farmers' or workers' association. 

Such a meeting can be a starting point for the farmers to apply a WE on their own farm. This 

is an approach recommended by ILO when using their checklists, see section 4. 

 

2 Some concepts used in workplace evaluation  

 A hazard is something (a material, construction, situation, etc.) 

that has some probability to cause an accident or an adverse 

effect to health. Examples: a ladder with improperly connected 

parts, a machine producing loud noise, an amount of pesticide 

in some container, the spraying of pesticides, heavy work in hot 

environment. 

 By risk we mostly mean the probability- that a hazard will 

result in a specified accident, health impairment or environmen-

tal damage. We do not follow the suggestion to quantify this 

concept of risk, because it easily results in unwarranted state-

ments20.  

 Exposure refers to contact of a person, organism or object 

with a chemical, physical or biological agent that may cause 

harm. Also adverse biomechanical and psychosocial factors 

can be seen as exposure. Exposure should be quantified as to 

both intensity and duration.  

 Dose usually refers to the amount of chemical or biological 

agent that enters the body, via inhalation, ingestion, skin. Part 

of the dose is excreted or otherwise made harmless by the body.  

The process of WE is described here in six steps. Consider the participation of an occupa-

tional physician, occupational hygienist, safety expert, occupational health nurse or ergono-

mist. 

 

3 Preparation 

1. Characterization of the farm. This can be done during the telephone call when the appoint-

ment for the WE is made, or during an explanatory talk with the farmer on the farm. In some 

situations it is feasible to collect general information on a number of farms in a meeting with 

persons from the farming community. Relevant factors are the size of land, type of products,  

mechanization, use of pesticides, number, age, gender and other susceptibility factors of 

workers. A drawing of a map of the farm premises indicating the use of land and the position 

of relevant buildings, is feasible to refer to in reporting. A walk through the premises can clar-

ify the layout, processes etc. 

 
20 The often presented quantification 'Risk = pobability x severity x number of individuals' has to elab-

orate that a hazard may result in various accidents with various material losses, and/or various ad-
verse health effects in one or more persons, and/or various environmental effects. 

Figure 2. Pesticide use: a haz-
ard recognized and ignored by 
many (Pesticides: Women at 
the Forefront of Global Toxic 
Chemicals Threat - Impakter, 
accessed 2022-11-06)  

https://impakter.com/meet-elisabetta-tagliati-un-fao-gender-equality/
https://impakter.com/meet-elisabetta-tagliati-un-fao-gender-equality/
https://impakter.com/meet-elisabetta-tagliati-un-fao-gender-equality/
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2. The status of the WE. It should become clear to the farmer and workers that the WE 

serves to arrange a workplace with minimum risk for ill-health and accidents. Discuss the re-

sponsibilities of the principal and the advisor, i.e. the person executing the evaluation.  

 The workers should be free to inform the advisor; confidential information should be pos-

sible. Consider the opportunity of the owner and workers to comment on a concept of the re-

port, of which the advisor remains responsible. Information of the workers should be self-evi-

dent. 

3. Introduction of the WE to the workers. Their cooperation is needed for the advisor to ap-

preciate work practices, hazards, exposures, and control measures. The advisor will inform 

himself of past (near) accidents and work-related health problems. After the WE the workers 

may or must have a role in the improvements that are needed. Explain that incorrect infor-

mation by workers is counterproductive and that information given by them will be treated 

confidentially as far as possible (for example no names in the report). 

 

4 Assessment of workplace conditions  

A standardized checklist is indispensable. ILO published a list  

with 100 checkpoints for use in agriculture (Figure 3, reference in 

Further information). It contains valuable background information 

on technical, organizational and policy aspects. Each checkpoint 

should result in a conclusion and marked as: 'N' (No action 

needed), 'A' (Action needed) or 'P' (Priority). Regarding priorities, 

ILO states: 'choose a few ('Action needed') items where the ben-

efits seem likely to be the most important'. Supposedly this refers 

both to a substantial reduction of risk and to low effort and ex-

penses ('low hanging fruit' is easiest obtainable).  

 We also mention a 'Checklist-64' derived from the 'List-100' 

by thoughtfully combining, removing and adding a number of 

items. (Annex 2.1 Checklist-64 Workplace Evaluation). For prac-

tice it can easily be printed on one sheet of paper.  

In practice a workplace investigator (advisor) should have copies of the checklist in case 

there is more than one object of a kind: work-stations, machines, stables, buildings. The ob-

ject may be identified by location, brand or type for a future check. Machines and tools may 

be activated by the regular user (not by the advisor) as usual, to judge technical condition, 

noise production, etc.  

 It is recommended that the farm owner uses a notebook containing a time schedule for 

regular checkups of machines, tools, fire extinguishers, personal protective equipment, etc. 

The results of the checkups should be recorded.  

 During the survey, the advisor has to be accompanied by the owner or manager of the 

farm. In addition, an opportunity has to be given to the workers to freely express their con-

cerns and views on aspects that need improvement. Consider a group meeting or individual 

Figure 3. Not only check-
points but also simple and 
effective improvements. 

For many checkpoints the same three general questions are relevant. These questions are not re-
peated in the list, but the advisor should always bear them in mind: 

1. Is there sufficient maintenance & cleanness of the object (tool, furniture, road, etc.)? 
2. Are the workers involved competent and sufficiently trained? 
3. Is there a reason for an undesirable state of an object or procedure? Knowing the reasons helps 

to find the right way of improvement and promotes cooperation by the farmer. 
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consultations of the workers with the advisor. Use a list of  topics for discussion, for instance: 

work practices, accident risks, suspected work-related diseases, washing-, eating- and 

sleeping facilities, organizational and welfare aspects, gender issues, etc.  

 After the survey a check for completeness can be done by considering the full, often cy-

clic, process from the seed (or newborn animal) to the selling of the final products. The check 

includes soil preparation, sowing, maintenance of plants and animals, treatment of plagues 

and diseases, harvesting and slaughtering, processing and storing of primary products,  

handling of byproducts, cleaning activities. The advisor should also inform himself on proce-

dures that belong to another season. 

 

5 Prioritization of actions 

Following the survey, the advisor should discuss with the farm owner (or representative) the 

points for which action is needed and the character of the actions. This discussion should 

promote the involvement of the farm owner. In a situation in which 'Priority' is applicable, it is 

recommended to estimate, if possible, (the size of) the risk of potential accidents and/or ad-

verse health effects. This will help to establish a reasonable sequence of the observed priori-

ties. If a difference of opinions persists, it should be recorded. 

 In some situations, the advisor will have to consult an occupational hygiene or medical 

expert. This can be done in the period between the survey (preliminary conclusions) and the 

writing of the report.  

 

6 Measures 

For the improvement of workplace conditions, we mention four approaches. 

6.1 The Checklist approach (See Annex 2.1) 

This approach applies primarily to workplaces. Clearly, ILO purposely did not formulate the 

checkpoints 'negatively' as: 'Do you observe a … (wrong) situation?', but positively as: 'The 

… situation should be … (correct)'. Thus, the measure that may be needed is already indi-

cated in the question, mostly in a non-detailed manner. 

 6.2 The 'Occupational hygiene strategy'.  

This approach applies to an identified harmful agent of chemical, physical or biological na-

ture. The strategy indicates the preference of measures, i.e. starting at the source and end-

ing at personal protective equipment (PPE) for the worker. Figure 4 indicates the sequence 

of the 8 steps. 

1. Complete removal of harmful agent, by using a different technique, for example in the 

case of herbicide use, replace it by mechanical elimination of weeds. However, one 

should also know and minimize the risks of the new technique. 

2. Replacement of the agent, tool or technique by a similar but less harmful one, e.g. a less 

toxic pesticide, a chainsaw with better hood, mechanical instead of manual threshing. 

3. Containment of the source or process that produces the harmful agent. 

4. Maintenance or repair of the apparatus or construction involved. 

5. Removal of agent in the space between source and worker, for example by exhaust venti-

lation (and collection of contaminants from exhausted air). 

6. Removal of agent in the space between source and worker, for example by sweeping dust 

from pavement, preferably after wetting to prevent whirling of dust. 

7. Measures that reduce the presence of workers in the vicinity of the source, for example by 

means of a physical barrier, reorganization of work, warning signals. 
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8. Personal protective equipment (PPE). This measure is the least preferable one, as it can 

implicate several disadvantages. Wearing a face-mask, safety goggles, ear muffs, gloves, 

protective (warm) clothes, etc. has annoying inconveniences. But if there is no better 

measure, then it may be really indispensable. 

6.3 The ergonomic approach 

This approach applies to work tasks and tools. Ergonomics is the practice (and science) that 

aims at optimizing the tools, objects and their handling: 'adapting the job to the worker'. Opti-

mizing refers to health, safety, comfort and productivity. Similarly, these goals apply to WE. 

The advisor should keep in mind the three important issues concerning prevention of MSD 

(Chapter 5.8). They concern posture (preferably 'neutral'), muscles (avoid too strong forces) 

and contact stress (pressure and rubbing). Other ergonomic requirements refer to clear vis-

ual and acoustic information, physical conditions (light, noise, temperature, etc.), risk of fall-

ing, overtime work; see Checklist-64 in Annex 2.1, and the ILO 'Ergonomic Checkpoints' 

which contain a multitude of examples and illustrations, see Further information 1. 

6.4 The 'Eight factor inventory’ (occasional title) 

This is a general and broad approach to judge the 

health risks of a person at work in a specific environ-

ment. Observe the following factors, bearing in mind 

the specific hazards as described in corresponding 

chapters: 

1. Accident: falling, hurt by tool, animal, etc.  

2. Ergonomical: tools, effort, comfort, etc. 

3. Physical: noise, temperature, light, etc. 

4. Chemical: inhalation, skin absorption, etc.  

5. Biological: microorganisms, plants, etc. 

6. Cognitive: i.e. information processing, 

7. Psycho-social: emotions, human contact,  

8. Employment conditions: working hours, etc. 

Figure 4. The Occupational Hygiene Strategy, intended for chemical, physical and biological agents. 

Figure 5. Growing of vegetables: an activ-
ity which illustrates the feasibility of the 
'Eight factor inventory' (Women Farmers 
Can Make Asia More Food-Secure 
(adb.org), accessed 2022-11-06). 

https://blogs.adb.org/blog/women-farmers-can-make-asia-more-food-secure
https://blogs.adb.org/blog/women-farmers-can-make-asia-more-food-secure
https://blogs.adb.org/blog/women-farmers-can-make-asia-more-food-secure
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The farmer and/or the health center can consult experts: professional associations, govern-

mental specialists, retailers of tools, (on-line) books, the Internet, for example website of oc-

cupational safety and health administration; don’t forget the experience of other farmers.  

 

7 Reporting 

The procedure of reporting should be optimized in view of the local habits. ILO states: 'The 

results of the workplace visits should be discussed in groups …', which refers to a supposed 

practice where groups of farmers, coached by an experienced colleague, evaluate their own 

workplaces (See Further information 1).  

 We recommend that the advisor produces a written report, although such is not men-

tioned by ILO. The report should contain the checkpoints for which action is needed with a 

description of possible actions and due attention to the priorities. It should not contain infor-

mation that can be traced back to individual workers. Such is a violation of their privacy, ex-

cept when they have explicitly agreed. The report may also contain recommendations for fur-

ther investigations, especially exposure measurement (section 9), taking work histories 

(Chapter 1.4) or performing a health surveillance (Chapter 1.5).  

 If the farmer doesn't recognize an acute or future severe danger, especially for subordi-

nate workers, it is important to stay on speaking terms. The advisor will try to convince the 

farmer that the hazard should be eliminated as soon as possible, for example by enclosing 

part of the site or by non-use of machinery. A further step can be to mention the legal obliga-

tions to keep the workplace safe. An option that may work is to give the farmer some time to 

reflect on the matter: he may find a new consideration to agree. Only in the last instance the 

advisor will suggest that his responsibility urges him to contact the inspectorate. 

 As said, an elegant, but laborious procedure can be considered: to allow the farmer to 

comment on a concept version of the report (although this is liable to undesirable changes of 

the text. Of course, the workers should be informed, as the report may have consequences 

for them. A convenient procedure can be to distribute the text and consecutively organize a 

meeting with the advisor.  

 

8 Implementation and monitoring 

 The responsibility for measures 

and for the continuation of the new 

situation lies with the farmer. His 

cooperation with the workers is 

essential for success. The report 

of the WE can be helpful, espe-

cially if the advisor succeeds in 

agreeing with the farmer on a time 

schedule for the intended im-

provements. Recommendations in 

the report are the more convincing 

as they refer to similar and suc-

cessful improvements adopted by other farmers in the region.  

 The advisor can encourage the farmer to apply the ILO Ergonomic Checkpoints, the 

checklist-64, or an adapted one. He may do that once a year and also when he/she intro-

duces significant changes in work practices or machines. As the farmer may run into 

Figure 7a. Put 
farm products in 
smaller bags, 
baskets or trays 
with firm handles. 
Sharing the 
weight with both 
arms makes your 
work comforta-
ble. 

 

 

Figure 6. From ILO's Ergonomic Checkpoints: Recommendation 
(7c) on transportation. 
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questions when ‘Action is needed’ on checkpoint items, the advisor should supply addresses 

for consultation or mention the potential support by the health center. 

 

9 Additional activities 

If the survey indicates unwanted exposure to harmful agents, measurements may allow con-

cluding whether interventions are needed.  

 A valuable component of a WE is having all workers involved, present and on sick leave, 

complete an occupational history form (Annex 1.1). In this way their experiences can be eval-

uated, and indications of a work-related disease or injury can be obtained if present or im-

pending.  

 It may be considered continuing a WE in combination with a health surveillance of the 

workers involved. The combination of both activities will promote their participation and ac-

cep-tance of recommendations.  

 

Class on Workplace evaluation 

Participants will identify undesirable situations on a farm, presented by photos / pictures, and propose 

improvements. Attention will be given to explaining WE to a farmer. This class is part of the prepara-

tion of the farm visit. 

 

Further information 

■ Chapter 5, on Musculoskeletal disorders  

1. International Labour Organisation (Niu S, Kogi K). 2014. Second edition: Ergonomic checkpoints in 
agriculture: Practical and easy-to-implement solutions for improving safety, health and working con-
ditions (ilo.org) (accessed 2022-02-06) Book 234 pages, 100 checkpoints21, backgrounds, draw-
ings, recommendations, also on participatory implementation. The smartphone version of this 
checklist enables the making of adapted versions with selected checkpoints Creating safe and 
healthy workplaces: Ergonomic Checkpoints in Agriculture app (ilo.org) (accessed 2022-02-06). 

2. International Labour Organisation, 2014. Work Improvement in Neighbourhood Development 
(WIND); Global manual: Practical approaches for improving safety, health and working conditions 
in agriculture. wcms_241020.pdf (ilo.org) (accessed 2022-02-06) Book, 89 pages, 33 checkpoints 
each with background, drawings, low-cost recommendations, for small-scale farmers.  

 See also the corresponding Action Guide on training, instruction and cooperation. 
wcms_241019.pdf (ilo.org) (accessed 2022-02-06). 

3. HSE (UK), 2017. Farmwise: Your essential guide to health and safety in agriculture (hse.gov.uk) 
(accessed 2022-02-06) Book, 79 pages. For employers, employees and the self-employed working 
on farms. 

4. International Labour Organisation, 2011. Safety and Health in Agriculture. Code of practice (ilo.org) 
(accessed 2020-01-24) Book 348 pages. For governments, employers, workers. Many rules for re-
sponsible conduct. 

5. OSHA (EU), 2012. Protecting Health and Safety of workers in agriculture, livestock farming, horti-
culture and forestry. https://osha.europa.eu/en/tools-and-publications/publications/protecting-
health-and-safety-workers-agriculture-livestock/view (accessed 2020-01-24) Book, 176 pages. For 
farmers and workers, valuable detailed examples of many hazards & practical solutions. 

 
Information for agricultural workers 

1. See Further information nr 1. Or Checklist-64.

 
21 Here, 'ergonomic' comprises not only physical aspects, but also chemicals, safety, welfare, etc. 

https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm
https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/instructionalmaterial/wcms_241020.pdf
https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/instructionalmaterial/wcms_241019.pdf
https://www.hse.gov.uk/pubns/books/hsg270.htm
https://www.ilo.org/global/publications/ilo-bookstore/order-online/books/WCMS_159457/lang--en/index.htm
https://osha.europa.eu/en/tools-and-publications/publications/protecting-health-and-safety-workers-agriculture-livestock/view
https://osha.europa.eu/en/tools-and-publications/publications/protecting-health-and-safety-workers-agriculture-livestock/view
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Annex 2.1  Checklist-64  Workplace Evaluation 

Adapted from ILO, 201422.  
N = No action needed,  A = Action needed,  P = Priority; in case of A or P: clarify ! 

If applicable check maintenance, cleanness, workers' competence, reason for undesired state. 

 Transport   

N  A  P   1 Transport routes, bridges, are sufficiently wide, no sudden height differences 1,2,3,44 

N  A  P   2 Use carts etc. with wheels large enough for in fields, when carrying materials, tools, etc. 4,5 

N  A  P   3 Have hoists, rollers, conveyers etc. for moving or lifting materials 11 

N  A  P   4 Objects are carried close to the body; weights above 23 kg are divided 7,12 

 Storage  

N  A  P   5 Have shelves / racks, preferably mobile, near work area for tools, materials etc. 6,10 

N  A  P   6 Have convenient containers with good grips for storing & moving products and waste 8,9,14 

N  A  P   7 Stable etc. has sufficient size and sturdy fences and gates for present animals 

 Workstations & tools   

N  A  P   8 Frequently used tools, switches & materials are within easy reach 15 

N  A  P   9 Tools have appropriate grips, (allow joints in middle position) with adequate 16,24,25,36 

  friction, require minimal force, and have a 'home'  

N  A  P 10 Switches & displays are clearly to distinguish; attach simple labels to avoid mistakes 21,26 

N  A  P 11 Work is at or slightly below elbow level; adjust work surface if objects have various size 17,27 

N  A  P 12 Avoid sustained repetitive movements, especially of small muscles  - 

N  A  P 13 Have jigs, clamps, fixtures to hold items that are treated 19 

N  A  P 14 Alternate standing and sitting work; avoid bending and squatting 22 

N  A  P 15 Work at height only on safe, stable platform (preferably) or on portable stepladder 20,28 

N  A  P 16 Chairs or benches of correct size with backrest for seated work or occasional sitting 23 

 Machine safety  

N  A  P 17 Machines have the necessary safety guards, especially for moving parts 29,30 

N  A  P 18 Machines have appropriate, safe feeding devices  31 

N  A  P 19 Machines in the field are stable 32 

N  A  P 20 Controls cannot accidentally be activated  39 

  emergency switches are red, easy to operate, 40 

N  A  P 21 Connectors, cables etc. for electricity are safe 35 

N  A  P 22 Avoid working alone with machines 33 

N  A  P 23 Walk-behind machines are easy to operate, stop when the control is released 37 

N  A  P 24 Workers with dangerous machines, tools have (had) adequate training - 

  Agricultural vehicles  

N  A  P 25 Have vehicles appropriate for agricultural work, with safety precautions (PTO) 41 

N  A  P 26 Driving cabins and seats are comfortable and safe (ROPS) 45 

N  A  P 27 Have sufficient traffic signs, mirrors, reflectors etc. 42 

N  A  P 28 Have easy-to-read operation manuals (same for machines)  43 

N  A  P 29 Loads are properly, safely placed on vehicles 46,48 

N  A  P 30 Prevent that vehicles are thrown sideways or overturned 47 

 Physical environment 

N  A  P 31 Have sufficient daylight in buildings, by means of high windows, light painted walls 49 

 
22 For background information: the numbers at the right correspondent to the numbers in the ILO checklist. Sec-

ond edition: Ergonomic checkpoints in agriculture: Practical and easy-to-implement solutions for improving 
safety, health and working conditions (ilo.org) (accessed 2022-03-09). 

https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
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N  A  P 32 Have sufficient (individual) light for each work task and place 50 

N  A  P 33 Have sufficient heat protection, by insulating materials and direct sunlight protection  51 

N  A  P 34 Avoid substantial exposure to excessive heat, cold 52 

N  A  P 35 Have sufficient natural ventilation in buildings by windows, doors; have mechanical 53 

  ventilation if needed. Tobacco smoke should be absent at workplace. 57 

N  A  P 36 Have sufficient airflow through silos (oxygen deficiency risk !) before entering 54 

N  A  P 37 Reduce noise & vibration 55 

N  A  P 38 Isolate / enclose sources of dust 56 

N  A  P 39 Sufficient fire extinguishers, with known application (schedule for check condition) 58 

N  A  P 40 Have sufficient, appropriate personal protective equipment (PPE) for all hazards and 59,96 

   arrange regular maintenance 

N  A  P 41 Animals treated in a way that they cannot do harm to workers 60 

  Hazardous chemicals (competence!) 

N  A  P 42 Have all (also used) containers labeled and in locked cabinets 62,63,67 

N  A  P 43 Use safer pesticides in appropriate amounts by appropriate pest managing 64 

N  A  P 44 All operations with chemicals that require PPE are clearly indicated 65 

N  A  P 45 Have safety and health information (e.g. Material Safety Data sheets) on  agrochemicals 66 

  Environmental protection   

N  A  P 46 Waste is collected, separated, recycled; biogas technology for human & animal waste 68,72 

N  A  P 47 Water and energy consumption are minimal 69 

N  A  P 48 Damage, decay of agricultural products is minimized, same for packaging material 70 

  Welfare facilities   

N  A  P 49 Adequate supply of safe drinking water on all workplaces 73 

N  A  P 50 Regularly cleaned toilets, washing facilities with soap close to work area 74 

N  A  P 51 Have first-aid equipment and trained first-aiders  75 

N  A  P 52 Children are kept away from machines, hazardous chemicals and locations 76 

N  A  P 53 Have relaxation facilities - with shadow - near fields 77 

N  A  P 54 Have comfortable, quiet, smoke-free places to sleep 80 

  Family & community cooperation 

N  A  P 55 Promote cooperation, e.g. for strenuous work, joint investments, hire of machines 81,83 

N  A  P 56 Share agricultural and household work, avoid overburdening one family member 82 

N  A  P 57 Have regular meetings with neighbors on for example safety, health, mutual help 84 

N  A  P 58 Have special care for safety of pregnant women, elderly and disabled workers   85,86,87 

N  A  P 59 Have measures against threat and violence, a place / person to report complaints - 

  Work organization 

N  A  P 60 Workers have varied work, for example by combining tasks; avoid excessive  89,92,93 

  machine-paced or strenuous work 

N  A  P 61 Have regular working hours, weekend breaks, no excessive overtime 98,99 

N  A  P 62 Have means of emergency contact for workers alone in the field 95 

N  A  P 63 Accidents are recorded, analyzed and improvements discussed  90 

N  A  P 64 Farm schedules and records maintenance of machines etc. in notebook - 

 

Where animals are bred, use also the checkpoints for prevention in Chapter 6.9. 
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3 Respiratory diseases 
 

Respiratory diseases in agriculture are often caused 

by complex mixtures of agents: dust from soil, plants 

and animals and their decay products, microorganisms 

and their toxins, intentionally used materials: feed, 

pesticides, medicines, etc. Furthermore, exposure is 

often incidental and difficult or impossible to establish 

retrospectively as to the inhaled amounts of specific 

substances. The disease nomenclature causes some 

inconvenience, as it is based on location, symptoms, 

mechanism and/or cause. We used primarily the loca-

tion. For respiratory cancer, which may be caused by 

pesticides and diesel exhaust gases, we refer to Chap-

ter 8. 

 Some respiratory infections due to zoonoses are mentioned in Chapter 6: anthrax, avian- 

and swine influenza, bovine tuberculosis, ornithosis / psittacosis, Q-fever, tularemia.  

 

 
1 Dust 

Many workers in agriculture daily inhale dust (aerosols) from several sources, see Box 1. 

Even from a single source a dust may contain several chemicals and microorganisms, which 

cannot simply be well characterized.  

 Exposure tends to be substantially higher in confined spaces with livestock or with stored 

materials like feed or grain. The majority of dusts consists of organic particles mostly of large 

size (>10 µm). Because of their size, exposure mainly results in deposition and effects in the 

upper airways. Consequently bronchial disease is more common than pulmonary disease. 

Underlying mechanisms are toxic/irritative, allergic or infectious, all including inflammation.  

Several farming activities are likely to produce a hazardous dust condition: 

- Working with livestock inside buildings: dairy, swine and poultry barns. 

■ Working with grain: moving, grinding, use of grain elevator, mixing animal feeds. 

■ Using a leaf blower or high-pressure washer to remove dust etc. in animal housing. 

■ Handling materials used for feed, for example hay, or litter: wood chips, sawdust. 

■ Working near bird roosts of pigeons or starlings, etc. 

Respiratory diseases 

     Exposures 
1. Dust 
2. Gases 
     Diseases 
3. Upper airway inflammation 
4. Bronchitis 
5. Asthma 
6. Toxic alveolitis 
7. Allergic alveolitis 
8. Lung edema 
9. Susceptible groups 
10. Diagnosis  
11. Prevention 

Case   

A previously healthy 52-year-old man entered an emergency room with a fever of 39°C and body 
aches. He had marked difficulty in breathing, which started 12 hours after shoveling composted 
wood chips and leaves. Inspiratory crackles, hypoxemia, and bilateral patchy pulmonary infiltrates 
were seen. Serum antibody tests for the usual antigens were inconclusive. He was treated with 
oral glucocorticoids and his condition improved over 3 days.  
 Using respiratory protection, investigators recreated the exposure at the patient's worksite 
and made extensive environmental measurements. Visible clouds of fine particulates were easily 
generated during handling activities. Peak exposures to respirable dust were greater than 80 
mg/m3 of air. Microscopic examination indicated a predominance of spores. Endotoxin concentra-
tions ranged from 244 to 16,300 endotoxin units/m3, concentrations previously associated with ill-
ness. High concentrations of Gram-negative bacteria were also present. 

From: Request for Assistance in Preventing Organic Dust Toxic Syndrome. CDC-NIOSH, 1994 
https://www.cdc.gov/niosh/docs/94-102/pdfs/94-102.pdf (accessed 2020-06-18). 

https://www.cdc.gov/niosh/docs/94-102/pdfs/94-102.pdf
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■ Plowing, tilling, haying and harvesting, for example tree fruits, grapes, can generate high 

concentration of airborne dust containing fine quartz27 able to induce silicosis. 

■ Pesticide spraying: inhalation and skin deposition of a large variety of toxic fluid or solid 

aerolsols. Also during harvesting. 

 

 

 
23 Endotoxins are lipopolysaccharides in the cell walls of (Gram-negative) bacteria; they are also pre-

sent in the walls of the vesicles that are normally excreted by these bacteria. 

24 Glucans are glucose polysaccharides, normal constituents of bacterial and fungal cell walls.   

25 Mycotoxins are produced by fungi, supposedly to weaken the material that they live on in order to 
promote their proliferation. Examples: aflatoxin (on cotton, maize, peanuts, spices), ergotamine (on 
grasses, corn), patulin (in rotting fruit, especially apples), penicillin. Some are allergenic. 

26 These enzymes enhance feed digestibility and profitability.  

27 Quartz is the - common - crystalline form of SiO2; silica is a material mainly consisting of SiO2. 

Respiratory dust in agriculture  Box 1 

Plants Pollen; dust from grains, wood, animal bedding, decay products 

Animals Dander, skin flakes, parts of hairs, etc. 

Insects Body parts and feces, for example mites, roaches  

Microorganisms Bacteria (may contain endotoxins23 and glucans24), spores; fungi (may contain 

mycotoxins25). They multiply on (decay products of) plants, animals etc. Viruses. 

Feed Including additives: antibiotics, hormones, enzymes26 

Pesticides During application and some time after, especially in greenhouses 

Fertilizers Inorganic dust, substances liberated from compost 

Soil Organic and mineral particles usually containing quartz dust 

Dust 1 For experts 

Dust is a collection of small solid particles in air that 
settle slowly due to gravity. The size ranges from  <1 
µm (practically non-settling ) to 100 µm (quickly set-
tling)*. 

'Inhalable dust / particles' are meant to be those that 
can be breathed into nose and mouth. 
'Respirable dust / particles' are meant to be those 
that can reach the alveoli. These are usually said to 
be mostly <10 µm. In fact, alveolar deposition is 
about 10% (of the ambient amount) at size 10 µm, 
30% at 2 µm, and 60% at 0.01 µm. 

The gravimetric method to measure dust is the pre-
ferred one. For total dust a known amount of air is pumped through a filter and the weight increase 
of the filter is measured.  

To obtain an indicator of respirable dust the filter is preceded by a 'cyclone', which passes the more 
particles the smaller they are. The important cyclone characteristic is the size of the particles of 
which 50% passes. The weight of the particles in an air sample that have passed a typical 10 µm 

cyclone is denoted PM10 (particulate matter 10). It comprises 50% of the 10 µm particles and an 
increasing majority of the <10 µm particles. So it is a rough indicator of the fine particle content**. A 
similar approach pertains to PM2.5 . The measurement is complicated and requires skill. 

* All sizes are in aerodynamic diameter = the diameter of a sphere (with density 1 g/cm3) having the same 
terminal settling velocity as the observed dust particle. 

** This cyclone passes about 95% of 1 µm particles, and about 5% of 20 µm particles  
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2 Gases 

A. Gases produced by bacteria. 

 - Ammonia: from animal waste; it is also bought (as fluid) and applied as fertilizer,  

 - Nitrogen oxides: 'silo gas', from fresh plants and silage in silos or plastic bags, 

 - Hydrogen sulphide: from protein in anaerobically stored animal waste, liquid manure. 

 Ventilation is an important measure to prevent harmful exposure.  

B.  - Pesticides used as fumigants in storage of grain, etc.) or used as soil disinfectants: me-

thyl bromide, phosphine, etc.  

 - Diesel exhaust gases; welding fumes: zinc oxide, etc. (partially aerosols). 

 Specific measures are needed to prevent harmful exposure. 

These gases all are irritants, their solubility in water is a factor that influences the effect. The 

highly soluble gases, for example ammonia, are absorbed in the mucous of the higher air-

ways (and eyes), causing cough and inflammation: pharyngitis, laryngitis, tracheitis, bronchi-

tis. Only a relative small amount reaches the vulnerable bronchioli and alveoli. The less solu-

ble gases, for example nitrogen dioxide, hydrogen sulphide, methyl bromide, phosphine, are 

less absorbed in the higher airways. Consequently a high dose may reach and harm the 

bronchioli and alveoli. However, a high exposure of 

any irritating gas causes both upper airway inflam-

mation and lung edema (section 2.6). A single high 

exposure may also cause (chronic) bronchiolitis ob-

literans, often after a latent period. Repeated expo-

sure can cause chronic bronchitis and bronchiectasis. 

 Hydrogen sulphide may cause fatal intoxications 

due to respiratory depression (Chapter 10, Acci-

dents). Note that he combination of dust and gases 

may have synergistic effects. 

 The concentration in air of many gases can be 

measured relatively simply, but with only moderate 

precision, by using a gas-specific indicator tube in-

serted in a hand-held suction pump with a fixed vol-

ume, see Figure 1. The outcome can be compared to 

national permissible exposure limits. 

 

3 Upper airway inflammation 

This inflammation may include rhinitis, sinusitis, pharyngitis, laryngitis and tracheitis with cor-

responding symptoms. It can be caused by dust and by gas, and be of toxic and/or allergic 

Dust 2 For experts 

OSHA-USA established a permissible occupational exposure limit (PEL) for 'Particulates Not Other-
wise Regulated'. This includes 'inert or nuisance' organic dust and amounts to 15 µg/m3 for total 
dust and 5 µg/m3 for respirable dust* Concerning endotoxins units (EU), an occupational exposure 
limit of 90 EU/m3 was recommended (The Netherlands, 2010)**, a level regarded as the no-ob-
served adverse effect level.  

* Permissible Exposure Limits – OSHA Annotated Table Z-1 | Occupational Safety and Health Administration 
(accessed 2021-12-17) 

** https://www.healthcouncil.nl/documents/advisory-reports/2010/07/15/endotoxins-health-based-recom-
mended-occupational-exposure-limit (accessed 2021-12-17) 

 
Figure 1. Hand-pump (note inlet for tubes) 
and indicator tubes for measuring natural 
gas in air. Lower tube is used: note green 
color and removed tips (Dräger Accuro 
(draeger.com) and Draeger Safety Test 
Tubes Natural Gas CH 20001 | Lab Unlim-
ited, accessed 2022-04-16). 

https://www.osha.gov/annotated-pels/table-z-1
https://www.healthcouncil.nl/documents/advisory-reports/2010/07/15/endotoxins-health-based-recommended-occupational-exposure-limit
https://www.healthcouncil.nl/documents/advisory-reports/2010/07/15/endotoxins-health-based-recommended-occupational-exposure-limit
https://www.draeger.com/nl_nl/Products/Tube-pump-accuro
https://www.draeger.com/nl_nl/Products/Tube-pump-accuro
https://www.labunlimited.com/s/ALL/4AJ-6077329/Draeger-Safety-Test-Tubes-Natural-Gas-CH-20001
https://www.labunlimited.com/s/ALL/4AJ-6077329/Draeger-Safety-Test-Tubes-Natural-Gas-CH-20001
https://www.labunlimited.com/s/ALL/4AJ-6077329/Draeger-Safety-Test-Tubes-Natural-Gas-CH-20001
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nature. Sometimes it is called mucous membrane irritation (MMI). It is nearly as common as 

bronchitis. Some patients complain of a permanent 'head cold'. It is nearly always accompa-

nied by conjunctivitis. 

 

4 Bronchitis  

The inflammation affects the major and minor bronchi. Like in upper airway inflammation, it 

can be caused by dust and by gas, and be of toxic and/or allergic nature. The symptoms are 

cough and sputum production, often accompanied by shortness of breath. Continuance of 

these symptoms for more than 3 months of the year for over 2 years is classified as chronic 

bronchitis. This can result in chronic obstructive pulmonary disease (COPD) with progressive 

airway obstruction, emphysema and increasing shortness of breath. Acute and chronic bron-

chitis are the most common diseases due to agricultural dust and consequently farmers are 

at high risk of developing COPD. Early detection and adequate measures are of great im-

portance. 

 

5 Asthma  

Asthma is a bronchial disorder with hyper-

responsiveness, inflammation and inter-

mittent spastic airway constriction. Symp-

toms are wheezing, dyspnea and cough. 

In work-related asthma the symptoms dis-

appear or improve over several hours or 

days without exposure. Serial lung func-

tion measurements (for example peak 

flow recording) are helpful in assessing 

the association with exposure at work. 

 In allergic asthma the person has 

been sensitized to (mostly) high molecular weight allergens, usually proteins that induce spe-

cific IgE antibodies in serum. Examples are products of house dust mites, storage mites, 

molds, grain dust, animal dander, pollen and enzymes. Already a very low exposure can 

cause an asthmatic response, which may be immediate (within 30 minutes) or delayed (after 

several hours). Skin tests or serologic investigation can demonstrate specific sensitization. 

 Allergic asthma is rare in farmers, as an allergic farmer is more or less forced to leave 

his job with the many unavoidable allergens. A second reason may be that children raised up 

in a farming environment are less likely to develop allergies. 

 In irritant-induced asthma, inhalation of irritants has induced non-specific bronchial hy-

perresponsiveness and inflammation. The irritants can be gas (section 1.2), smoke, fume28 or 

dust (Box 1). Specifically involved pesticides are pyrethroids, 2,4-D, 2,4,5-T, diquat, paraquat 

and the soil disinfectant metam sodium29. 

 The acute, severe form has a latency of a few minutes to (max 24) hours after acci-den-

tal, inhalation of a single very high concentration and is called 'reactive airways dysfunc-tion 

syndrome' (RADS). The subacute or chronic form develops during recurrent brief, high expo-

sures or during chronic moderate exposure; it tends to worsen with continued exposure. The 

 
28 Smoke: a visible aerosol containing combustion products. Fume: aerosol formed when a volatilized 

solid, such as a metal, condenses in cool air (OSHA). 

29 In water metam sodium decomposes into the extremely irritant methyl-isothiocyanate. 

Figure 2. High pressure washer producing aerosol with 
microbial toxins and allergens (https://www.karcher-
jteco.com/en/professional/pressure-washers.html, ac-
cessed 2020-06-18). 

https://www.karcher-jteco.com/en/professional/pressure-washers.html
https://www.karcher-jteco.com/en/professional/pressure-washers.html
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development of asthma due to agricultural work can be promoted by pre-existing asthma and 

by asthma that has become 'silent'. 

 

6 Toxic alveolitis 

Toxic alveolitis is also called inhalation fever or organic dust toxic syndrome (ODTS). It is a 

common, non-allergic, influenza-like reaction of the airways and the alveoli to substantial 

amounts of organic dusts with a high content of microbial toxins. The characteristics are 

shown in Table-1. Acute cases resemble acute allergic alveolitis (Farmer’s lung etc.). Prob-

lematic is that both diseases may occur together. The differentiation is a matter for experts, 

but the relevance is limited for two reasons. Irrespective of the diagnosis, the causative haz-

ardous activities (see Table-1) should be hygienically improved and/or personal respiratory 

protection should be used. Furthermore, in both diseases the patient may need oxygen, corti-

costeroids and/or bronchodilators.  

Table 1. Characteristics of toxic alveolitis and allergic alveolitis. 

 Toxic alveolitis  
('Inhalation fever', ODTS) 

Allergic alveolitis 
('Hypersensitivity pneumonitis', 
Farmer's lung, etc.) 

Causal agent Dust containing microorgan-
isms with toxins: endotoxins 
(bacterial), glucans (bacte-
rial, fungal) or mycotoxins 

(Mostly) dust, e.g. moldy hay, con-
taining bacterial or fungal allergens, 
or allergenic animal proteins  

Brief, high exposure(s) 
acute and subacute type 
Common symptoms  
 

 Delay:  2-8 hours 
 General: influenza-like, fever, fatigue, myalgia, headache 
 Lung: cough, dyspnea (varying intensity) 
 Serum: increased leukocyte content  
 Recovery: 2-5 days, up to weeks (in severe cases) 

Distinguishing symptoms 
Physical exam. 
Lung function 
pO2, CO diffusion capacity 
X-ray  
BAL30: increased 
Specific IgG antibodies 

 
Normal  
No / slight airway obstruction 
Not / slightly reduced 
Normal, sometimes infiltrate 
Neutrophils 
Absent 

 
Inspiratory crackles / rales 
Restriction of lung volume 
Reduced 
Fine nodular infiltrate 
Lymphocytes 
(Mostly) Present, but not specific 

Recovery Possibly bronchitis for some 
weeks, no permanent dam-
age. Susceptibility increases 

May progress to severe dyspnea 
after multiple attacks 

Causative hazardous activi-
ties 

Grain bin cleaning 
Silo / silage uncapping31 

Work with mouldy (bales of) hay or 
feed etc.  

Long-term, low exposure 
chronic type 

Sometimes chronic fatigue, 
dyspnea and lung infiltrate  

Insidious progress of cough, dys-
pnea, weight loss, digital clubbing 
etc. Reduced pulmonary volume 
and diffusion capacity, hypoxemia.  

Monday morning syndrome (MMS) 

MMS is a special manifestation of toxic alveolitis. The symptoms, fever, headache, muscle 

pain, cough, wheezing, dyspnea, appear on return to work after a weekend or period off- 

 
30 Broncho-Alveolar Lavage, to be done only in exceptional cases. 

31 Removing the (approx. 30 cm thick) upper layer of moldy silage full of microorganisms from a con-

ventional, non-airtight upright silo in the preparation for unloading and feeding to cattle.  
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work. Characteristically these symptoms diminish, even disappear after some hours or days 

during the work and they return after the next off-work period, for instance on Monday morn-

ing. Blood leukocytes and body temperature follow the same pattern, but lung function is 

mostly not affected. MMS is a component of byssinosis, which may occur in the cotton indus-

try. It also occurs in work with for instance livestock, grain, etc. in confined spaces32. The 

mechanism might be hypothesized to be down-regulation of macrophages by the inhaled en-

dotoxin or mycotoxin. 

 

7 Allergic alveolitis 

Allergic alveolitis33, also called hypersensitivity pneumonitis, in farmers is denoted Farmer’s 

lung, which is less frequent than toxic alveolitis. The characteristics are shown in Table 1.  

A single or incidentally repeated high exposure induces the acute type. The long-term, lower 

level exposure, possibly with incidental peaks, in-

duces the chronic type. 

 Allergic alveolitis may also occur in agricultu-re-

related jobs: byssinosis (cotton industry), bagassosis 

(sugar-cane work), mushroom-worker’s lung 

(spores), cheese worker’s lung (fungi), bird breeder ’s 

lung (proteins), paprika splitter‘s lung34. 

 The diagnosis of acute Farmer’s lung can be dif-

ficult. It should be based upon the data mentioned in 

table-1, exposure to the suspected allergen, for ex-

ample decayed plants, preferably in combination with 

corresponding positive IgG serology. 

 The acute type should be differentiated from in-

fectious respiratory diseases and ODTS (if possible), 

the chronic type from sarcoidosis and interstitial lung 

diseases.  

 

8 Lung edema 

The gases mentioned in section 1.2 may cause pulmonary edema, which usually appears 

some hours after the start of exposure and can be life threatening. Notorious hazardous ex-

posures can occur during working with liquid manure (hydrogen sulphide), with fresh silage 

(silo fillers disease) or stored grain. The latter two liberate nitrogen oxides, which may also 

result in bronchiolitis obliterans.  

 

9 Susceptible groups 

Individuals having an allergy, which resulted in for example asthma, bronchitis or allergic al-

veolitis, should avoid tasks that produce dust that may contain the offending allergen. Avoid-

ance of dust also applies to those with a history of another respiratory disease, for example 

non-allergic asthma, COPD, or lung function abnormality. Regular medical surveillance of 

 
32 A similar phenomenon may occur in welders and after inhalation of polymer fume or in personnel in 

a working place where microbially contaminated humidifier aerosol is present. 

33 Usually called 'extrinsic allergic alveolitis'. Being superfluous, 'extrinsic' creates confusion.  

34 It also occurs outside agriculture due to aerosols of low molecular weight chemicals, for example 

diisocyanates and acrylic compounds. 

Figure 3. Farmer’s Lung, plain film 
(https://radiopaedia.org/articles/hypersensi-
tivity-pneumonitis, accessed 2020-06-18). 

https://radiopaedia.org/articles/hypersensi-tivity-pneumonitis
https://radiopaedia.org/articles/hypersensi-tivity-pneumonitis
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these workers should be considered. Deterioration of respiratory function indicates the need 

of (further) reduction of exposure, respectively the use of a respirator and eventually the 

change to a low-dust job. Smoking acts additively, or even synergistically, with the effects of 

dust. So smokers should be offered a smoking cessation program. 

 

10 Diagnosis 

In addition to the physical symptoms mentioned in the previ-

ous paragraphs, three informative parameters can be easily 

assessed. A electronic spirometer (example in Figure 4) can 

measure forced expiratory volume in 1 sec. (FEV1) and 

FEV6, equaling forced vital capacity (FVC). The instrument 

can also be used to examine the effect after bronchodilator 

administration, or when a worker has been exposed to a sus-

pected dust or aerosol. The transdermal fingertip oximeter 

can measure the % oxygen saturation in blood. 

 

11 Prevention 

A. Reduction of exposure to dust and microbial toxins 

The occupational hygiene strategy (Chapter 2) suggests the following consecutive steps. 

1. Prevent formation. Microbial growth in feedstuff is prevented by drying grain and hay be-

fore storage to less than 15% moisture content. A hygrometer allows to check the process. 

Some silage additives promote fermentation, thus reducing unwanted microbial contamina-

tion and improving feed quality. A plastic sheet upon stored silage reduces mold and dust.  

2. Prevent emission. Wetting the top layer of silage in a silo prior to unloading prevents the 

formation of microbe-laden aerosol. Cover materials like hay during transportation.  

3. Remove dust from air. Effective ventilation and dust collectors have greatly reduced dust 

levels in grain handling operations. However, dust filtration systems for indoor air are costly 

and require expertise and maintenance. 

4. Prevent contact. Silage production in bags 

(Figure 5), being an open air process, redu-

ces worker exposure to microbes, dust and 

gas. A tractor cab can stop coarse dust, but 

an air-tight cab with air-filtration system is 

needed to stop fine dust. 

5. Job adaptation. An automatic milking sys-

tem reduces exposure of milkers to cow dust.  

6. Education and Instruction. Health care pro-

fessionals and veterinarians can have an im-

portant role through one-in-one contacts with 

agricultural workers or through facilitating 

community education programs. Consider ar-

ranging a session in which farmers and work-

ers can exchange experiences35. 

 
35 ILO, 2014. 'Ergonomic checkpoints in agriculture'. http://www.ilo.org/wcmsp5/groups/public/---

Figure 4. Simple electronic spi-
rometer (Vitalo-graph COPD 
Screener (COPD-6) | bol.com, ac-
cessed 2022-11-07) 

Figure 5. Silage preparation in polyethylene bag  
(https://www.youtube.com/watch?v=3He9WF2v5A8, 
accessed 2020-06-18). 

http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/instructionalmaterial/wcms_176923.pdf
https://www.bol.com/nl/nl/p/vitalograph-copd-screener/9200000067065506/?Referrer=ADVNLGOO002049-G-137948318149-S-1676407295700-9200000067065506&gclid=CjwKCAiA9qKbBhAzEiwAS4yeDXPcIN8XvRnNAWIEB4LIWC9tA_whe1pPFgThBI4mFK4fBZPtxKNAXBoC9MYQAvD_BwE
https://www.bol.com/nl/nl/p/vitalograph-copd-screener/9200000067065506/?Referrer=ADVNLGOO002049-G-137948318149-S-1676407295700-9200000067065506&gclid=CjwKCAiA9qKbBhAzEiwAS4yeDXPcIN8XvRnNAWIEB4LIWC9tA_whe1pPFgThBI4mFK4fBZPtxKNAXBoC9MYQAvD_BwE
https://www.youtube.com/watch?v=3He9WF2v5A8


 Chapter 3   Respiratory diseases 
  

 
41 

7. Use of respirators. When engineering and management methods are not enough to reach 

safe exposure levels, respiratory protection is needed. Information, training and ample avail-

ability are necessary to ensure that the worker uses the correct respirator and correct car-

tridge for particulate and/or gas exposure, and that he is wearing the respirator properly fit-

ted. Medical examination and approval is mandatory in some countries before wearing res-

piratory protection, for example USA. For this purpose OSHA has published a special ques-

tionnaire36. The Chapter (11) on PPE describes the different types and the checks to be exe-

cuted before wearing a respirator. 

 

B. Medical monitoring 

Medical monitoring, preferably 

as part of a health surveillance 

program, should be considered 

for susceptible workers and for 

those working in the more haz-

ardous conditions, for example 

swine or poultry confinement 

systems. It should include 

dyspnea history at work, physi-

cal examination and pulmonary 

function testing. Deterioration 

of respiratory function indicates 

the need of reduction of expo-

sure, respectively use of a res-

pirator and eventually change 

to a low-dust job. Pre-employment medical evaluation is needed for new workers in confined 

livestock, poultry and dairy operations.  

 

Class on Respiratory Diseases 

A fictitious patient will be presented followed by questions concerning diagnosis etc. 

 

Further information 

1. Kirkhorn SR, Garry VF, 2000. Agricultural lung diseases. - PMC (nih.gov) (accessed 2022-06-21). 

2. Nordgren TM, Baily KL, 2017. Pulmonary Health Effects of Agriculture - PMC (nih.gov) (accessed 

2022-06-21). 

Information for agricultural workers 

1. Jepson SD et al. 2013. Factsheet: Respiratory Impairment in Agriculture | Ohioline (osu.edu) (ac-

cessed 2021-12-17).  

2. On allergic and toxic alveolitis and silo fillers disease, 2012. Respiratory Illnesses Associated with 

Agriculture – Ag Safety and Health (extension.org) (accessed 2022-03-12). 

 
ed_protect/---protrav/---safework/documents/instructionalmaterial/wcms_176923.pdf. (accessed 

2020-09-10). 

36  Respirator Medical Evaluation Questionnaire (osha.gov), 2012. Also available a very instructive 
video by OSHA: Medical Evaluations for Workers Who Use Respirators - YouTube (both accessed 
2021-12-07). 

Figure 6. Poultry breeding, India (https://www.livemint.com/Sci-
ence/qGSKg4avIz54mvOL6tjkMN/Indian-poultry-farms-are-breeding-
drugresistant-superbugs.html, accessed 2020-06-18). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637683/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4764055/
https://ohioline.osu.edu/factsheet/AEX-981
https://ag-safety.extension.org/respiratory-illnesses-associated-with-agriculture/
https://ag-safety.extension.org/respiratory-illnesses-associated-with-agriculture/
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/instructionalmaterial/wcms_176923.pdf
https://www.osha.gov/sites/default/files/publications/OSHA3790.pdf
https://www.youtube.com/watch?v=0PAuHfdVimk
https://www.livemint.com/Science/qGSKg4avIz54mvOL6tjkMN/Indian-poultry-farms-are-breeding-drugresistant-superbugs.html
https://www.livemint.com/Science/qGSKg4avIz54mvOL6tjkMN/Indian-poultry-farms-are-breeding-drugresistant-superbugs.html
https://www.livemint.com/Science/qGSKg4avIz54mvOL6tjkMN/Indian-poultry-farms-are-breeding-drugresistant-superbugs.html
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4 Skin diseases 
 

In many countries skin diseases belong to the top three 

of most frequent occupational diseases. In some regions 

10-20% of agricultural workers have a skin disease, of-

ten due to frequent contact with plants. Many skin dis-

eases start with symptoms that are tolerated. After some 

time recovery becomes increasingly difficult. Complicat-

ing infections may occur and may spread with agricul-

tural products. Continuation of work may become impos-

sible. Fortunately, in many situations prevention can be 

effectuated.  

 Especially in agriculture several factors promote the development of skin disease. 

Water. In many regions the skin easily becomes wet by rain, irrigation, water for cleaning, 

feeding, sweat. Compared to normal skin, wet skin is mechanically vulnerable and chemically 

permeable, even more at high temperatures. Harmful dust may stick to the wet skin, respec-

tively dissolve and be absorbed. In other regions or seasons, extreme draught can make the 

skin more susceptible to fissures respectively inflammation.  

Injury. Mechanical wear and small injuries can induce unnoticed wounds giving entrance to 

all sorts of microorganisms.  

Toxicity. Working with plants and animals results in exposure to their saps and discharge: 

pollen, dander, microorganisms, etc. These materials can also be contacted from soil or from 

air. Many materials used in farming are toxic, irritant and/or allergic: plants, pesticides, ferti-

lizers, veterinary medicines, food additives for animals, fuels, cleaning agents. 

 A complicating factor is that a specific skin disease may have different presentations that 

may resemble other diseases, which hampers a correct diagnosis. Good contact with a der-

matologist experienced in agricultural problems is valuable and often indispensable. Consul-

tation based on e-mailed photos and data ('teledermatology') may be possible.  

 

1 Contact dermatitis 

Contact dermatitis (CD) or contact eczema is an inflammation of the skin due to a chemical 

or physical agent. The skin in contact with the agent shows two or more of the following 

symptoms: redness, itching, edema, vesicles, fissures, papules37, scaling (Figure 1). Two 

types are discerned: 

■  Irritant contact dermatitis is caused by an irritant chemical, usually by multiple exposures 

to weak irritants, for example soap, juice of fruit or vegetable. Incidentally it is caused by a 

single exposure to a strong irritant. In that case symptoms may appear within minutes. 

■ Allergic contact dermatitis is caused by an allergen to which the person is sensitized. 

Symptoms are usually delayed by one or two days after the start of exposure, exceptionally 

by more than one week ('delayed type allergy'). Incidentally symptoms occur immediately af-

ter contact, e.g. due to proteins as in latex allergy ('immediate type allergy')38.  

 The latency of the symptoms provides an indication of the type of dermatitis. On inspec-

tion, the irritant type usually shows more distinctly demarcated borders than the allergic type.  

 
37 Solid skin elevations with an area less than 1 cm. 

38 In delayed type CD (‘type IV’) the causal agent binds to T-lymphocytes, in immediate type (‘type I’) 
it binds to IgE protein on mast cells, both mechanisms liberate vaso-active substances, for example 
histamine. 

Skin diseases 

1. Contact dermatitis 

2. Infectious dermatitis 

3. Arthropod-induced dermatitis 

4. Sun-induced skin disorders 

5. Disorders due to heat and cold 

6. Susceptible groups 

7. Diagnosis  

8. Prevention 
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To distinguish between irritant and allergic CD, 

patch testing39 and sometimes skin prick testing40 

are needed. If the right facilities are lacking and 

allergy is suspected, a Repeated Open Applica-

tion Test (ROAT)41 might be used. These tests 

require an experienced doctor for interpretation, 

also because they may imply some risk. Several 

sensitizing agents are also irritants.  

 CD may result in two different invalidating 

conditions: dry, thickened, scaling skin with fis-

sures, or red, swollen skin with wet (pustulating) 

lesions. 

 Persons with dry skin and - even more - sub-

jects with a condition called atopy are vulnerable to CD. Atopy is the disposition to (hyper)re-

act to noxious agents that contact the skin or mucous membranes. CD is promoted by dry 

air, mechanical trauma, for example friction, and by wet work, which by itself can be a suffi-

cient cause of this disease.  

Contact urticaria is an inflammation that resembles (immediate type) CD. The symptoms 

appear quickly: within seconds to hours after contact: itch, burning sensation, redness, swell-

ing (hives, wheal) with well-defined border, often with vesicles42. After single exposure the 

symptoms substantially reduce within a day. Sometimes distinction from (immediate type) 

CD is impossible. In exceptional cases dyspnea, intestinal symptoms and anaphylactic shock 

occur. Like in CD, two types are discerned. 

 The non-immunological (irritant) type likely results from a direct effect of the agent on the 

vascular wall or on release of inflammatory medi-

ators. Examples are nettle (Urtica dioica), narcis-

sus, cinnamon, celery (Apium graveolens), hog-

weed (Heracleum, Figure 2), caterpillars, etc. 

Also, heat and pressure on the skin can induce 

urticaria. Repeated exposure to the substances 

mentioned will result in chronic urticaria / chronic 

dermatitis. 

 The immunological type occurs after sensiti-

zation to for example animal products (saliva, 

skin, amniotic fluid, meat, fish), vegetables, fruits, 

latex. Many of these substances can also induce 

delayed type CD. 

 
39 A number of allergenic substances present in mini-chambers is applied to the skin for 48 hours, and 

the intensity of a delayed type allergy inflammation reaction is observed. 
 

40 A number of allergenic substances in suspension is applied to the skin in combination with small 
skin pricks; in the next few minutes the occurrence of an immediate type allergy reaction is observed. 

 

41 The patient applies a small amount of the suspected substance on a thin part of the skin twice a day 
during one week to start with. If a typical allergic reaction is absent during a second week of applica-
tion, allergy can practically be excluded. http://www.dermnetnz.org/procedures/open-application-
test.html (accessed 2016-01-19). 

42 Urtica (Latin) means nettle. The swelling makes contact dermatitis less likely. 

Figure 1. Contact dermatitis (http://www.-
farmerhealth.org.au/page/health-centre/dermati-

tis-eczema, accessed 2016-01-19). 

Figure 2. Blisters due to common hogweed 
(IMG_6360 – Galloway Wild Foods, accessed 
2022-02-06). 

http://www.dermnetnz.org/procedures/open-application-test.html
http://www.dermnetnz.org/procedures/open-application-test.html
http://www.-farmerhealth.org.au/page/health-centre/dermatitis-eczema
http://www.-farmerhealth.org.au/page/health-centre/dermatitis-eczema
http://www.-farmerhealth.org.au/page/health-centre/dermatitis-eczema
https://gallowaywildfoods.com/product/spring-forest-hedgerow-foraging-walk-2-glasgow/img_6360/
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Photodermatitis is a type of CD caused by agents43 that are chemically modified in the skin 

by UV radiation, mostly from sunlight. Symptoms range from redness ('Skin burn') to symp-

toms of urticaria. Examples are celery and hogweed, common rue (Ruta graveolens), fig (Fi-

cus carica), citrus fruits, wild parsnip (Pastinaca sativa), tetracyclines and tar products. Pro-

tection against sunlight should be part of the prevention. 

 Therapy (principles) of CD and urticaria: avoid exposure to causal allergens and to all 

irritants. If the lesion is wet: 0.9% NaCl under gauze pad. If the lesion is dry: moisturizing 

agent, for example lanette- or cetomacrogol cream or ointment. Both may be enriched by hy-

drocortisone 1-2%. If more than slight lesions: topical corticosteroids of gradually increasing 

potency. If severe itch (don't scratch!) is present: antihistamines sometimes are effective. 

Prevention: Use gloves and protective clothing; ‘refresh’ if contaminated; wash before 

eating and after workday. Avoid wet skin and mechanical friction. Barrier cream usually 

doesn’t decrease absorption. Keep skin a little fat by using vaseline or ointment.  

Workers who had severe childhood eczema, especially when hands were involved, are 

at risk of incurring contact dermatitis; they should at least be very cautious regarding work-

places with many allergens, for example a plant nursery or garden center. Such a history of a 

worker with persistent, untreatable contact dermatitis, points to a change of job.  

 

Dermatoses in paddy field workers 
 

Rice farming is a widespread occupation. 
Paddy field workers are exposed to irritant 
mud, manure, fertilizers, pesticides and dust 
from dried plants and grains, sunlight and 
wind. Often their feet, without footwear, are 
constantly immersed in water. A team of der-
matologists examined (randomly) 341 paddy 
field workers, 96 males and 245 females. 
73% Complained of itching during and after 
work (due to dust), 3% had urticaria (due to 
the prickly spikes of the paddy grass). Con-
cerning the lower limbs 57% had nail dystro-
phy, 43% pitted keratolysis (a superficial in-
fection of the skin), 24% fissures, 19% hyper-
keratosis, 14% xerosis and 14% intertrigo. 
Regarding the upper limb, 15% had nail dys-
trophy and 9% paronychia. Many pathologi-
cal bacteria and fungi were cultured from the 
skin abnormalities. Regrettably the authors 
offer no suggestions for prevention. 

Shenoi SD et al. (Dermatoses among paddy 
field workers--a descriptive, cross-sectional 
pilot study - PubMed (nih.gov), accessed 
2022-04-02). 

1.1 Plants as cause of CD  

In the plant world many more materials than those mentioned below can cause CD or urti-

caria.  

 
43 Sometimes the onset of symptoms is delayed, even up to weeks. This indicates that an immuno-

logical mechanism is involved. 

Figure 3. Paddy field work causes many skin and 
health problems (https://commons.wikimedia.org/wiki-
/File:Rice_plantation_in_Java.jpg (adapted). Photo by 
Gunawan Kartapranata, accessed 2020-01-14). 

https://pubmed.ncbi.nlm.nih.gov/16394434/
https://pubmed.ncbi.nlm.nih.gov/16394434/
https://pubmed.ncbi.nlm.nih.gov/16394434/
https://commons.wikimedia.org/wiki-/File:Rice_plantation_in_Java.jpg
https://commons.wikimedia.org/wiki-/File:Rice_plantation_in_Java.jpg
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Airborne contact with pollen, due to the handling or mowing of flowering plants, may cause 

allergic CD, rhinitis and asthma. Notorious plants are ragweed (Figure 4 and 5; small 

amounts may induce severe reaction) and feverfew (Figure 6). CD in the face is due to air-

borne or hand-face contact. 

 

Poison ivy (Toxicodendron radicans, Figure 7 and 8) is quite common; its sap contains uru-

shiol, which is able to sensitize more than half of exposed persons; symptoms may appear 

even months after exposure.  

Many food plants are able to induce allergic CD, for instance mango, cashew, carrots, aspar-

agus, cucumber, tomato, potato, pecan, olive oil, rice, parsley, cloves. The same holds for 

ornamental plants: many composites, chrysanthemums, alstroemeria, primula, hedera, etc., 

also bulbs of plants. Especially harvesters and packers are at risk. 

 Sawdust from wood may cause CD and respiratory problems due to the lichens (moss 

species) growing on it. Allergenic timbers are meranti, mahogany, afzelia, rosewood and 

many others. 

Figure 7. Poison ivy on ankle; 'streaked' appear-
ance due to shift of damaged parts of plant 
(http://diseasespictures.com/poison-ivy-rash-poi-
son-oak-rash-pictures-home-remedies/, accessed 
2015-12-11). 

 

 

Figure 5. Common ragweed 
(Ambrosia artemisifolia) (https://-
www.dalsenet.nl/nieuws-

/283324, accessed 2019-09-13). 

Figure 4. Airborne contact der-
matitis due to ragweed 
(http://emed-icine.medscape.-
com/article/1090097-over-
view#a3, accessed 2015-12-11). 

Figure 6. Feverfew (Parthenium 
hystophorus) (https://en.wikipe-
dia.org/wiki/Parthenium_hyster-
ophorus Photo by Ethel Aard-
vark, accessed 2019-09-13). 

Figure 8. Poison ivy (Toxicodendron radi-
cans); shrub or vine climbing with air roots; 
berries white, red in autumn; side leaflets 
shorter than middle leaflet (3-12 cm) 
(http://www.wikihow.com/-Identify-Poison-
Ivy, accessed 2015-12-11). 

http://diseasespictures.com/poison-ivy-rash-poison-oak-rash-pictures-home-remedies/
http://diseasespictures.com/poison-ivy-rash-poison-oak-rash-pictures-home-remedies/
https://-www.dalsenet.nl/nieuws-/283324
https://-www.dalsenet.nl/nieuws-/283324
https://-www.dalsenet.nl/nieuws-/283324
http://emed-icine.medscape.-com/article/1090097-overview#a3
http://emed-icine.medscape.-com/article/1090097-overview#a3
http://emed-icine.medscape.-com/article/1090097-overview#a3
https://en.wikipe-dia.org/wiki/Parthenium_hyster-ophorus
https://en.wikipe-dia.org/wiki/Parthenium_hyster-ophorus
https://en.wikipe-dia.org/wiki/Parthenium_hyster-ophorus
http://www.wikihow.com/-Identify-Poison-Ivy
http://www.wikihow.com/-Identify-Poison-Ivy
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1.2 Pesticides as cause of CD  

Trichloroacetic acid (herbicide), ethylene oxide, methyl bromide (fumigants) and sulphur can 

cause irritant CD. Examples of agents causing allergic CD are propachlor and maleic hydra-

zide (herbicides), captan, thiram (fungicides), pyrethrum (insecticide), formaldehyde (fumi-

gant) and phenothiazine (acaricide / feed additive). Not only sprayers are at risk, but also fruit 

pickers, neighbors, collectors and handlers of vegetables or ornamental plants, due to con-

tact with foliage and fruits. Often it is unclear whether the plant or the applied pesticide 

caused a case of CD. For prevention of exposure: see Chapter (8) on Pesticides. 

1.3 CD due to other chemicals.  

Many different substances encountered in farming may cause CD. Examples are proteins or 

their residues, present in animal food, dander, urine, manure, birth products, e.g. amniotic 

fluid, or in dust. Other causal agents are dust of grain, hay or other vegetation, chemicals, for 

instance accelerators, in rubber products like gloves, boots or dairy machinery. 

 Fertilizers, for example nitrates and phosphates are irritants; anhydrous ammonia (gas, 

applied by means of soil injection) can even cause chemical burns. Antibiotics can be pre-

sent in animal food (and dust) and veterinary medicines, for example udder ointment, can 

cause irritant and/or allergic CD. Tetracyclines may (systemically) induce photodermatitis. 

Creosote, a tar product used as wood preservative, can induce (photo-)irritant dermatitis.  

 

2 Infectious dermatitis 

Infections can be contracted by skin contact with animals or from contaminated fences or 

stable materials, especially when the skin is abraded or punctured. Good hygiene, the use of 

antiseptics and often the use of gloves are necessary in handling diseased animals. Gloves 

not only provide a barrier against microorganisms and insects, but also prevent skin lesions, 

for example due to thorns, sharp tools, which may give entrance to microorganisms. 

The diseases mentioned here are present almost all over the world. For therapy, often antibi-

otics, search the most recent information. 

2.0 Common bacteria  

Non agriculture-specific bacteria are normally present on human skin and in the – inevitably - 

somewhat dirty agricultural work site. They may pass the skin via (small) wounds that agri-

cultural workers are liable to, for example streptococci causing erysipelas, staphylococci 

causing abscesses, coli bacteria, etc.  

 

 

 

 

 

 

 

 

 

 

Figure 9. Trichophyton verrucosum infection 
(http://phil-.cdc.-gov/-PHIL_Images/20031007/-
a55c6b2f0dd244109d8612fa0751429b/4807_-
lores.jpg, accessed 2015-12-10). 

Figure 10. Tinea corporis, due to Trichophyton 
mentagrophytes, Typical circular margin (histori-
cally wrongly ascribed to a ‘ringworm’), often with 
whitish healed central area (Tinea corporis - Wik-
ipedia, accessed 2022-06-22). 

http://phil-.cdc.-gov/-PHIL_Images/20031007/-a55c6b2f0dd244109d8612fa0751429b/4807_-lores.jpg
http://phil-.cdc.-gov/-PHIL_Images/20031007/-a55c6b2f0dd244109d8612fa0751429b/4807_-lores.jpg
http://phil-.cdc.-gov/-PHIL_Images/20031007/-a55c6b2f0dd244109d8612fa0751429b/4807_-lores.jpg
https://en.wikipedia.org/wiki/Tinea_corporis
https://en.wikipedia.org/wiki/Tinea_corporis
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2.1 Zoonotic dermatophytic fungi  

Trichophyton, notably the verrucosum species, which is hosted by cattle, may induce deep 

inflammation after infection of the hairy skin (Figure 9). T. mentagrophytes and Microsporum 

species may induce tinea corporis (Figure 10; taenia (Latin, = tape) denotes the tapeworm).  

2.2 Orf (contagious ecthyma) 

Contagious ecthyma (Figure 11) of sheep and goat, is caused by Orf virus, a pox-virus. Sec-

ondary infection may occur; healing in 1-2 months is often spontaneous. 

Figure 11. Orf virus: bulla due to puncture 
by bone of slaughtered goat (http://www.-
cdc.gov/mmwr/prview/mmwrhtml/mm6114a
3.htm, accessed 2015-12-10). 

 

2.3 Milker's nodules  

These nodules (Figure 12) are caused by the pseudocowpox virus, usually acquired during 

milking. Lesions are the same as in Orf and also heal spontaneously after some weeks; sec-

ondary infection should be prevented. 

2.4 Tularemia  

The Francisella tularensis bacteria can be contracted from sheep and other mammals, for in-

stance rodents, cats, and blood sucking arthropods and surface water. In addition to skin ul-

cers (Figure 13), the conjunctiva, lungs and intestines can also be seriously affected. 

 

2.5 Anthrax 

Bacillus anthracis causes serious disease in sheep, goat, horse, etc. Its highly resistant 

spores are present in, on and around infected and dead animals. Infection is also possible 

Figure 12. Milker’s nodule 
(http://www.cdc.gov/niosh/topics/skin/occderm-
slides/ocderm16.html, accessed 2016-01-10). 

Figure 13. Tularemia ulcer (http://www.cdc.gov/tu-
laremia/signssymptoms/, accessed 2015-12-14) 

Figure 14. Cutaneous anthrax 
(http://www.cdc.gov/niosh/topics/skin/occderm-
slides/ocderm15.html, accessed 2016-01-10)  

http://www.-cdc.gov/mmwr/prview/mmwrhtml/mm6114a3.htm
http://www.-cdc.gov/mmwr/prview/mmwrhtml/mm6114a3.htm
http://www.-cdc.gov/mmwr/prview/mmwrhtml/mm6114a3.htm
http://www.cdc.gov/niosh/topics/skin/occderm-slides/ocderm16.html
http://www.cdc.gov/niosh/topics/skin/occderm-slides/ocderm16.html
http://www.cdc.gov/tularemia/signssymptoms/
http://www.cdc.gov/tularemia/signssymptoms/
http://www.cdc.gov/niosh/topics/skin/occderm-slides/ocderm15.html
http://www.cdc.gov/niosh/topics/skin/occderm-slides/ocderm15.html
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via ingestion and inhalation. Cattle producers, hair processors and abattoir workers are at 

risk. Skin lesions (Figure 14) and fatal pulmonary infection may occur. 

2.6 Erysipeloid 

Erysipelothrix rhusiopathiae bacteria live on swine, turkey, chicken, other birds, sheep, fish, 

soil. Infection by (small) wounds in skin. Painful red-bluish swellings occur. (Figure 15). 

2.7 Lyme disease (Borreliosis)  

The bacteria Borellia burgdorferi needs to alternately infect a tick (Ixodes genus) and a verte-

brate for its procreation. All over the world ticks naturally host on small rodents, deer and 

dogs and are present in bushes and long grass. Only a small percentage of tick bites in man 

leads to infection. If the tick is removed within 24 hours without being crushed, infection is 

unlikely. For removal special tweezers are available. One week to one month after infection a 

non-itchy circular, expanding rash, often with characteristic central bleaching, appears in the 

majority of infected persons (Figure 16). Without antibiotic treatment this can be followed by 

influenza-like symptoms, and cardiac, joint and/or neurological symptoms that may become 

chronic. Blood tests are being developed with varying diagnostic performance. Prevention: 

use well-covering clothing, DEET repellent, inspection of skin. 

Figure 15. Erysipeloid (https://www.huidziekten.nl/af-
beeldingen/erysipeloid-4.jpg, accessed 2020-01-14). 

 

3 Arthropod-induced dermatitis 

3.1 'Membrane-winged' insects (Hymenoptera)  

This order of insects comprises wasp, bee, and ant, a species that lost its wings. Stings 

mostly cause immediate but mild discomfort and a temporary skin lesion. Anaphylaxis may 

occur, especially in persons with a previous systemic reaction; large local or general effects 

are a warning sign to take measures. A special quite common fire ant (Solenopsis invicta) can 

cause painful and itching bumps (Figure 17), respectively pustules, with risk of infection. The 

ant injects both a cytotoxin and an allergen, which may induce anaphylaxis. 

3.2 Spiders  

The human-specific scabies mite has its full life cycle burrowed in the human skin, causing a 

very pruritic infestation (Figure 18). Animal-specific scabies mites, in horse, cow, dog, etc., 

can bite but don't burrow into the human skin. Usually, the hands are affected, due to contact 

with the animal. The larvae fall off after some hours or days. Skin reaction varies from invisi-

ble itch to bullae.  

 Chiggers is a designation for a family of free-living mites, especially the harvest mite. 

The larvae bite and cause an itching rash (Figure 19), which disappears soon.  

Figure 16. Lyme disease (https://en.wikipe-
dia.org/wiki/Lyme_disease Photo by J. Ga-
thany, accessed 2016-01-10). 

https://www.huidziekten.nl/afbeeldingen/erysipeloid-4.jpg
https://www.huidziekten.nl/afbeeldingen/erysipeloid-4.jpg
https://en.wikipedia.org/wiki/Lyme_disease
https://en.wikipedia.org/wiki/Lyme_disease


 Chapter 4   Skin diseases 
  

 
49 

Figure 17. A human leg three days after brief con-
tact with a fire ant colony (https://en.wikipe-
dia.org/wiki/Fire_ant, accessed 2015-12-14). 

 

 Most widow spiders are black; their venom can have 

intense generalized cholinergic effects, (Chapter 8), 

which can last for days. Scorpion stings usually resem-

ble those of hymenoptera (anaphylaxis possible); some 

also have necrotizing properties. 

3.3  Caterpillars  

Several species cause dermatitis with immediate pain 

and inflammation, and/or systemic reactions when their 

hairs liberate histamine and hyaluronidase,. 

 

4 Sun-induced skin disorders 

Accelerated ageing due to sun UV radiation appears as 

thickening, loss of elasticity and wrinkling. Actinic kera-

tosis presents itself as scaly patches, which in a minority of cases will develop into carci-

noma. This can be prevented by removing the patches. The prevention of basal and squa-

mous cell skin carcinoma and melanoma call for sun protection: work in the shade, especially 

at noon, use protective hat with wide rim and clothing that covers the skin. Apply sunscreen 

cream with protection factor of at least 25 (twice a day). Light skin is more susceptible to 

these effects. Cancers on the lips tend to metastasize earlier compared to skin. Children are 

more susceptible to cancer due to higher skin growing speed. 

  The sun protection factor (SPF) in creams denotes the latency time to skin redness 

('burning') of creamed skin divided by the latency time of non-creamed skin, both under 

standard conditions. It reflects protection against UV-B, but not against UV-A that - to a 

lesser degree - can cause skin cancer, too. 

 

5 Skin disorders due to heat and cold 

Heat can cause intertrigo, a reddish eruption with risk of secondary infection. Miliaria rubra is 

an inflammation of the sweat ducts, showing as regular spaced red papules, which may be-

come infected. It is provoked by mechanical friction. Both disorders are due to excessive 

sweating and occur in moist skin areas, for instance in body folds. 

Cold can cause chilblains, places of swollen red/blue skin with bullae or ulcerations due to 

local non-freezing cold in the skin. Large differences in sensitivity exist. In frostbite the tissue 

has died due to freezing. In first degree there is only discoloration and nearly complete 

Figure 18. Scabies (human type) rash; note the 
burrow (http://healthool.com/scabies-rash/, ac-
cessed 2015-12-14). 

Figure 19. Chigger bites showing char-
acteristic raised and fluid-filled center 
(TrombiculosisSores - Trombiculosis - 
Wikipedia Photo by Wilson-4691, ac-
cessed 2022-06-08). 

https://en.wikipedia.org/wiki/Fire_ant
https://en.wikipedia.org/wiki/Fire_ant
http://healthool.com/scabies-rash/
https://en.wikipedia.org/wiki/Trombiculosis#/media/File:TrombiculosisSores.jpg
https://en.wikipedia.org/wiki/Trombiculosis#/media/File:TrombiculosisSores.jpg
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reversibility. In second degree, blisters and blackening develop, which heal in about a month. 

In third and fourth degree, the sub-skin layers are involved and gangrene may develop. 

 

6 Susceptible groups 

Workers with dry skin, a history of atopy, allergic dermatitis, allergic asthma or hay fever 

have increased risk of developing contact dermatitis, photodermatitis or urticaria. This sus-

ceptibility also holds for the presence of psoriasis, many other skin diseases and chronic ve-

nous insufficiency. Workers with light-colored skin are more liable to sunburn and skin malig-

nancies.  

 

7 Diagnosis 

Does the skin condition require immediate action because of a threat of a serious or irreversi-

ble deterioration? Such situation may occur in anaphylaxis, fulminating infectious dermatitis 

or due to some arthropod stings or snake bites. Two important questions are: 

- Is the patient seriously ill? Is the skin severely affected: surface, lesion, are there swollen 

regional lymph nodes? 

- Did the patient and skin aggravate fast in recent hours or days?  

To record and to follow the patient's skin condition etc., the sheet in the Annex 4.1 to this 

chapter may be used.  

 If hands and/or fingers are affected, check their function, especially flexion. Is the patient 

able to do his work? Maintenance of hand function is crucial: agricultural workers are fully de-

pendent on it. 

 

8 Prevention 

Be informed of locally occurring risks from commonly grown agricultural products, zoonoses 

and insects, the concerning symptoms, therapy and prevention. 

 Impermeable gloves are needed in avoiding allergy, for protection against insects, in ap-

plying pesticides or removing cadavers. Wear them as briefly as possible. Use synthetic rub-

ber, nitrile-rubber or neoprene gloves. PVC gloves give only moderate protection and latex 

gloves may induce latex allergy. If a chemical is spilled into a glove, it should be immediately be 

taken off and the hand be washed: even a small amount can be harmful due to the intimate and 

potentially prolonged contact with the skin. Nebraska extension NebGuide (2020) gives addi-

tional remarks on gloves, for example on removing gloves safely 44. Prolonged usage of im-

permeable gloves, especially if perspiring, requires cotton inner gloves, which have to be 

changed when they become moist from sweat. Wash the gloves before pulling them off, to 

prevent skin contact with substances on the outer side of the gloves.  

 

Class on Skin diseases 

Several pictures/cases, partly contributed by participants, will be presented for training. 

 

Further Information 
1. Crawford GH. Botanical Dermatology. Updated 2019. http://emedicine.medscape.com/arti-

cle/1090097-overview#a1 (accessed 2019-09-15).  

 
44  Gloves for Handling Pesticides (unl.edu) (accessed 2021-09-11) 

http://emedicine.medscape.com/article/1090097-overview#a1
http://emedicine.medscape.com/article/1090097-overview#a1
https://extensionpublications.unl.edu/assets/pdf/g1961.pdf
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2. The Electronic Textbook of Dermatology. Drugge R (ed). Internet Dermatology Society, New York 
University. 2000 (?) Few pictures. http://telemedicine.org/stamford.htm (accessed 2019-09-15). 

3. Van Hees C and Naafs B. Common Skin Diseases in Africa; an illustrated guide. Foundation Tro-
derma, Voorburg, Netherlands, 2009. Practical guide, for example on therapy, with many instruc-
tive photos showing diseases of colored skin. http://africanskindiseases.org/wiki/pdf/skindis-
eases.pdf (accessed 2019-09-15). 

 
Information for agricultural workers 
Skin health for farmers (Factsheet 4 A4). Institute of Agricultural Rural and Environmental Health Can-
ada, 2004. http://aghealth.usask.ca/resources/documents/factsheet18.pdf (accessed 2016-01-19). 

http://telemedicine.org/stamford.htm
http://africanskindiseases.org/wiki/pdf/skindiseases.pdf
http://africanskindiseases.org/wiki/pdf/skindiseases.pdf
http://aghealth.usask.ca/resources/documents/factsheet18.pdf
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Annex 4.1  Documentation sheet Skin diseases 

 Confidential 

Date: ………………………………...…….. [ Examiner:  ············································· ] 

Patient name: …………………………..………...… Surname:  ··············································  

Date of birth: ……………………   Gender:  M / F Address  ··············································  

Occupation: …………………………...…….… → Specify  ··············································  

 
Site(s) of abnormality, use numbers in case of shifts in time. (Figure was gratefully copied from RM 

Adams ‘Occupational skin disease’) 

 
1. Description of abnormalities (consider making photo  ………………… …………………..……...……… 

………………………………………………………………………………………………………………………. 

2. Start of abnormality, date: …………………Type of incident / exposure:  ….…………........…………… 

3. Development:  ………..………………………………………………………………………………………... 

4. 'Therapy' until now, local:………………..……..…...………. systemic: ….……………………...………… 

5. Prevention until now:   ………………………………………………………………………………………… 

6. Sick leave? ….……………………………....Effect on symptoms: ………………………………….……... 

7. Similar symptoms before? ……………………………………………………………………………………. 

8. Similar symptoms in co-workers? ……………………………………………………………………………. 

9. Susceptible / sensitized patient ?......…………...…………………………………………………………… 

10. Medicine / drug use: …………………………………………………………………….…………………… 

11. Further investigations:  ………………………………………………………………….…...……………… 

………………………………………………………………………………………………………………………. 

12. Potential causes (occupational, environmental, food & other) 

1 ………………………………………………...…    confirmed / likely / possible / excluded / unknown  

2 ……………………………………………...……    confirmed / likely / possible / excluded / unknown  

13. Promoting factor(s): ……….…………………………………………………………………...………….. 

14. Diagnosis:   ……………….………………….…………………………………….. ……………………….. 

15. Therapy, local: ……………………………………………..       Systemic: ……………………………... 

16. Prevention: …………………………………………………………………………………….……………… 

17. Follow up: …………………………………………………  ….  Report to registry:  ……………………... 
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5 Musculoskeletal disorders 
 

Musculoskeletal disorders (MSDs) concern the locomo-

tor apparatus: bones, muscles, tendons, ligaments, 

joints, discs, menisci and bursae. In most disorders, 

such as low back and shoulder pain, several tissues are 

involved. In this chapter MSDs are treated in which the 

predominant causes are too strong muscle force, repeti-

tive movements, extreme position of joints, external me-

chanical pressure and vibration and prolonged exertion. 

Use these six factors as a general reminder in sus-

pected cases. Acute traumas are not implied in MSD.  

 The prevalence of MSD in workers in agriculture is high. For example, in 1013 Korean 

elderly farmers (age 57+ 8 yrs, m+sd) musculoskeletal pain in more than one body site was 

reported45 by 91%, low back pain by 64%, pain in leg/foot and pain in shoulders each by 

43%. The degree of work(job)-relatedness of MSDs often is difficult to establish in an individ-

ual worker as non-job activities (gardening, sports), age, obesity and psychological factors 

play a role. 

 The ILO List of Occupational Diseases (2010, still valid) 46 concerning MSDs, contains 7 

specific disorders (without reference to agriculture) including epicondylitis and carpal tunnel 

syndrome, and a 'general' category that may be denoted as 'relationship with work demon-

strated'. The frequently occurring low back pain and shoulder pain in a worker, especially 

when persistent, may fit in this category. Although pain is a symptom and not a disease, of-

ten underlying inflammation or affection of muscles and supportive tissues is most likely and 

may warrant recognition of low back or shoulder pain as an occupational disease. 

 

1 Low back pain 

Low back pain (LBP) likely is the most prevalent MSD in workers in agriculture.  

 
45 Jo H et al., 2016. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690741/  (accessed 2020-07-26). 

46 https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publica-
tion/wcms_125137.pdf (accessed 2020-07-26). 

Musculoskeletal disorders 

1. Low back pain  
2. Shoulder pain 
3. Epicondylitis medialis, -lateralis 
4. Carpal tunnel syndrome 
5. Other MSDs 
6. Susceptible groups  
7. Diagnosis 
8. Prevention 

Case: LBP in a rice farmer   

A 35 year old, non-obese rice 
farmer visits the health center with 
serious low back pain, which had 
aggravated during the last month. 
He owns a self-propelled power 
tiller machine (cultivator, see 
photo), which he uses for several 
hours a day to plough the fields of 
colleague rice farmers. His work 
implies other awkward postures as 
well. The doctor recommends to 
suspend working with the power 
tiller and to investigate, with help 
of an expert of the health center, 
how ergonomic improvements of 
his tasks can be obtained. The 
present tiller should be replaced by an ergonomically sound one. 

Figure 1. 'Power tiller' (http://www.rkmp.co.in/category/eistags/eis/pa-

ckage-of-practices/farm-machinery?page=1, accessed 2020-07-26). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690741/
https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publication/wcms_125137.pdf
https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publication/wcms_125137.pdf
http://www.rkmp.co.in/category/eistags/eis/pa-ckage-of-practices/farm-machinery?page=1
http://www.rkmp.co.in/category/eistags/eis/pa-ckage-of-practices/farm-machinery?page=1
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Symptoms. LBP is usually described as pain in combination with muscle tension and/or stiff-

ness localized below the costal margin and above the inferior gluteal folds, often with some 

degree of disability47. Except in case of a nucleus pulposus hernia, in LBP due to recognized 

locomotor overload often no morphological pathology is found. For this reason it is then de-

noted as 'non-specific low back pain'. This however is a stretchy concept as better diagnostic 

possibilities may shift this 'diagnosis' into specific LBP caused by a disorder of iliopsoas or 

piriformis muscles, sacroiliac joints, etc. Such recognition may open a tailored therapeutic 

possibility. 

Diagnosis. Among workers in agriculture, work conditions may have contributed to many 

cases of LBP whether non-specific or specific. We recommend the following approach.  

1. Irrespective of the diagnosis (2, 3 or 4), if the medical history suggests a locomotor over-

load, evaluate the potentially causal work factors. For this purpose Table 1 in section 8 

gives some clues. Unfavorable conditions need attention both for back-to-work policy and 

for prevention. 

2. Assess whether the LBP is caused by nerve root compression. If so, treat accordingly. 

3. If the medical history suggests specific LBP not due to nerve root compression, for exam-

ple fracture, spondylolisthesis, infection, tumour, arthritis, etc., perform due examinations 

and/or refer patient to a specialist.  

4. Specific LBP being excluded, non-specific LBP remains, for the time being, the diagnosis. 

Therapy. In case of non-specific low back pain, light activities that gradually increase accord-

ing to the patient's ability. The underlying pathology mostly will heal notwithstanding its un-

known exact nature. Analgesics if needed. Consider instructions for training of back muscles 

and for proper lifting technique. Note that combinations of work-related causes occur and 

that also obesity and psychological factors play a role, which need special attention, espe-

cially if the recovery is delayed.  

Work-related causes. All sorts of work with 

static load on back muscles, especially 

with the trunk in a bent or twisted position. 

Dynamic overload of back mus-cles may 

be due to manually moving heavy objects 

(Expert Box 1 offers a refined approach). 

Indicative parameters are:  

■  Lifting of loads, especially >10 kg; the 

harm is the greater when:  

 □ the horizontal distance of the load 

(from the original- and destination po-

sition) to the body is greater, 

□ the original position is lower and the 

destination position is higher, 

□ the angle of body rotation is greater, 

□ the frequency and duration are greater, 

□ the coupling (ease of holding the load) is worse. 

■ Frequent (>½ hr/day) bending or twisting of the trunk (>40°), 

 
47 Slightly adapted from Koes BW, et al., 2006. Diagnosis and treatment of low back pain 

(nih.gov) (accessed 2020-05-02).  

Figure 2. Digging sweet potatoes. Prolonged working in 
a bent position is inevitable in many agricultural jobs  
(Kenya - Ngurumo Village | Working in the field. Through 
incl… | Flickr Photo BY P.Casier (CGIAR), accessed 
2022-11-07). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1479671/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1479671/
https://www.flickr.com/photos/cgiarclimate/5217023249/in/photostream/
https://www.flickr.com/photos/cgiarclimate/5217023249/in/photostream/
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■ Whole-body vibration and shocks, ex-

ample: driving an agricultural vehicle 

(Chapter 9.3),  

■ Back load with long hours working, fast 

working, too short rests, stressful work 

relations. 

In the present and the next three sections, 

the quantifications added to the etiological 

work factors should only be seen as global 

indications.  

 
2 Shoulder pain 

The shoulder is a vulnerable joint, which may experience strong forces. Shoulder pain is of-

ten due to impingement of tissue under the 'roof' above the head of the humerus. It may pre-

sent as the rotator cuff syndrome. Several muscles, ligaments or bursas may be involved. 

Symptoms & diagnosis. Pain in the shoulder, permanently or triggered by raising or lowering 

the arm or reaching behind the back. It may be accompanied by: 

- a clicking sound when raising the arm,  

- loss of mobility and strength of the arm. 

Abduction, endo- or exo-rotation against resistance is painful. 

Therapy. Avoid activities that induce the pain, bandage and analgesics if needed, consider 

physical therapy. Evaluate and reduce causal work factors. 

Work-related causes. Picking of fruits (Figure 3), tea (Figure 4), taking care for high growing 

vegetables such as tomatoes, etc. Hand-held machines for picking high hanging fruit (coffee, 

olives, etc.) may be really burdensome and provoke shoulder disorders and other MSDs in 

many (Figure 10).  

Indicative parameters are activities 2 hours/day, that imply: 
■ hand lifting above the shoulder, 

■ hand behind the trunk or to the other side of the trunk, 

■ hand reaching (>3 min/action), 

■ shoulder exo-rotation (>30°). 

The harm due to all these movements is the greater as the frequency is higher, the load han-

dled is heavier and the force applied greater.  

 Expert Box 1 

The NIOSH Lifting Equation App1  
This app uses the parameters mentioned under 
‘Lifting of loads’ to calculate the Recommended 
Weight Limit (RWL) at the actual circumstances.  
Then the Lifting Index is calculated: the actual 
weight / RWL, which should be <1. For multiple 
tasks a composite index is available2.  

1  NIOSH Lifting Equation App: NLE Calc NIOSH CDC 

2 Applications Manual for the Revised NIOSH Lifting 

Equation (cdc.gov) (both accessed 2022-01-18) 

Figure 3. Harvesting tree fruits: arms above shoulder (The Food and Health Lab at Montana State Uni-
versity | Montana State University, accessed 2020-07-26). 

https://www.healthline.com/symptom/shoulder-pain
https://www.cdc.gov/niosh/topics/ergonomics/nlecalc.html
https://www.cdc.gov/niosh/docs/94-110/pdfs/94-110revised082021.pdf?id=10.26616/NIOSHPUB94110
https://www.cdc.gov/niosh/docs/94-110/pdfs/94-110revised082021.pdf?id=10.26616/NIOSHPUB94110
https://www.montana.edu/food-health-lab/
https://www.montana.edu/food-health-lab/
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■ (Forceful) repetitive movements with the arm (>2 times/min and >4 hours/day), 

■ Too short rests during hours with heavy shoulder load. 

 

3 Lateral and medial epicondylitis 

Epicondylitis is an inflammation of a tendon at its insertion onto bone at an epicondyle. This 

section discusses the two types of epicondylitis of the humerus at the elbow. 

Symptoms & diagnosis. Pain around the outer or inner epicondyle of the elbow that is pro-

voked by specific activities. The pain may extend into the forearm; grip strength may be re-

duced. Lateral epicondylitis: using the wrist extensor muscles is painful in grasping an object 

or lifting a chair with hand palms downward. Extension of the wrist against resistance is pain-

ful ('Tennis elbow test'). Medial epicondylitis: using the wrist flexor muscles is painful in 

grasping an object or lifting a chair with hand palms upward. Flexion of the wrist against re-

sistance is painful ('Golfer's elbow test'). 

Therapy. Avoid activities that induce the pain, bandage and analgesics if needed, consider 

physical therapy and corticosteroid injection. Evaluate and reduce causal work factors. 

Work-related causes. Too forceful and too frequent activity of the extensors or flexors of the 

wrist tends to be applied in many agricultural tasks: use of scissors or spade, transport of 

materials, absence of power steering. Indicative criteria are: 

■ Using a hand tool (weight >1 kg) with one hand, 
■ Lifting heavy objects (>20 kg) >10 times/day, 
■ Elbow stretched, or bent (>90°) >2 hours/day, 
■ Repetitive movements >2 /min >3 hours/day, 
■ Hand-arm vibrations >2 hours/day (and depending on vibration intensity). 

 

Tea picker 

Many job tasks of the tea picker involve long 
reaches: reaching across the tea bushes, across a 
conveyor or bending over to reach a part in the bot-
tom, working overhead, putting items on a high shelf. 
Long reaches have a great impact on the shoulders 
and lower back.  
 
Figure 4. Tea Picker, Photo by Aulia Erlangga/CIFOR 
(https://www.cfor.org/knowledge/photo/-36147149265/, 
accessed 2021-12-15). 

Case: Cotton picker 
A 40 year old woman comes to the Health Center. Since six 
month she has had increasing pain in her left elbow. The pain 
worsens during the day and often awakes her at night. Pressure 
on the lateral epicondyle and resistance of the wrist against ex-
tension are painful, muscle force is reduced. Patient appears to 
be a cotton picker. Since a year she has used a battery powered 
portable cotton picking machine in her left hand. 
 
 

Figure 5. Cotton picker using hand-held cotton picking machine 
(Microsoft Word - IJAIR_224_Final N.doc, accessed 2021-12-16). 

https://www.cfor.org/knowledge/photo/-36147149265/
https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_224_Final%20N.pdf
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 4 Carpal tunnel syndrome  

The carpal tunnel syndrome (CTS) is caused by entrapment of the median nerve at the wrist, 

where it is surrounded by the finger flexor tendons in the tunnel under the carpal ligament. 

Compression can be due to inflammation of the tendons or fracture of the wrist; maybe con-

tact stress at the margins of the ligament. 

Symptoms. Numbness, tingling, burning, pain or itching in the fingers (1-3) and the corre-

sponding part of the palm of the hand, which are innervated by the median nerve. Symptoms 

typically may disturb sleep. Force of finger flexion and sensitivity may be reduced. 

 Diagnosis. Paresthesia is produced by tapping on the nerve above the compression (posi-

tive Tinel’s test) or by firmly joining the backs of both hands with flexed wrists during a minute 

(positive Phalen’s Test). Reduced nerve conduction velocity is confirming but unnecessary in 

clear cases. 

 Therapy. If modification of activities, a splint and corticosteroid injection induce no improve-

ment, surgical cleavage of the ligament is possible and relatively simple and effective. 

Work-related causes. Cow milking, sheep shear-

ing, gardening / pruning, etc. Indicative parame-

ters are: 

■ Pinch or squeeze in tools (for example twee-

zers) >4 hours / day, 

■ Fingers used as tweezers >1 hour/day,  

■ Repetitive movements of wrist or hand >2 

times/min during >2 hours/day, 

■ Manual force >3 kg during >1 hour/day,  

■ Wrist bent 30°during >2 hours/day, 

■ Hand-arm vibrations depending on intensity. 

 

5 Other MSDs 

Concerning the upper limb: olecranon bursitis 

and ulnar nerve entrapment at the elbow are promoted by repeated minor pressure traumas. 

Osteoarthritis of the carpo-metacarpal joint of the thumb may be due to chronic overload by 

thumb muscles. The flexor pronator syndrome is caused by entrapment of median nerve in 

the flexor pronator muscle; the symptoms resemble the carpal tunnel syndrome. It occurs in 

milkers and in others exerting repeated forceful flexion. Other examples are radial styloid  

Portable cotton picking machine (0.6 kg). It collects 
the cotton using a rotating chain fitted with teeth. 
The battery is worn on the back. Preliminary data 
of field application indicate discomfort in nearly all 
body parts.  

Dixit A et al., 2012. (PDF) Ergonomic Evaluation of Bat-
tery Powered Portable Cotton Picker (researchgate.net) 
(accessed 2020-11-09). 

Figure 6. portable cotton picker cotton picking machine 
battery sled electric cotton pick - AM-PCT01 - AGRO 
(China Manufacturer) - Farm Machines Tools 
(diytrade.com), accessed 2021-02-23). 

Figure 7. Squeezing in cutting tool with wrist 
bent (https://www.shutterstock.com/de/image-
photo/hands-pruning-shears-rose-flower-garden-
ing-107847407 Photo by Andris Tkachenko, ac-
cessed 2021-12-16). 

https://www.researchgate.net/publication/257808949_Ergonomic_Evaluation_of_Battery_Powered_Portable_Cotton_Picker
https://www.researchgate.net/publication/257808949_Ergonomic_Evaluation_of_Battery_Powered_Portable_Cotton_Picker
https://www.diytrade.com/china/pd/11274669/portable_cotton_picker_cotton_picking_machine_battery_sled_electric_cotton_pick.html#normal_img
https://www.diytrade.com/china/pd/11274669/portable_cotton_picker_cotton_picking_machine_battery_sled_electric_cotton_pick.html#normal_img
https://www.diytrade.com/china/pd/11274669/portable_cotton_picker_cotton_picking_machine_battery_sled_electric_cotton_pick.html#normal_img
https://www.diytrade.com/china/pd/11274669/portable_cotton_picker_cotton_picking_machine_battery_sled_electric_cotton_pick.html#normal_img
https://www.shutterstock.com/de/image-photo/hands-pruning-shears-rose-flower-gardening-107847407
https://www.shutterstock.com/de/image-photo/hands-pruning-shears-rose-flower-gardening-107847407
https://www.shutterstock.com/de/image-photo/hands-pruning-shears-rose-flower-gardening-107847407
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tendosynovitis and chronic tendosynovitis of 

hand and wrist, both due to repetitive move-

ments, forceful exertions and extreme postures 

of the wrist. 

 Concerning the lower limb, osteoarthritis 

and meniscus lesions of the knee are promoted 

by kneeling, squatting, heavy lifting and carry-

ing, prolonged standing and walking. Prepatellar 

bursitis may be due to prolonged kneeling. 

Heavy lifting contributes to osteoarthritis of the 

hip48. Lateral inguinal hernia is promoted by pro-

longed standing and heavy lifting49 

 

6 Susceptible groups 

With respect to all MSDs, workers with insufficient physical strength are at risk of developing 

complaints respectively illness. This will especially apply to females with heavy workload. 

Workers having rheumatoid arthritis or osteoarthritis (arthrosis) are susceptible with respect 

to the joints that are intensely used; here older age has an indirect effect. Regarding pain, 

especially of the low-back, also mental problems may play an aggravating role. 

 

7 Diagnosis  

Many questionnaires exist to record MSDs in detail and a lot of observation and decision pro-

cedures have been developed to assess work postures and workload. The authors consider 

these too comprehensive for the practice of a primary health care center and made a rather 

simple form to record a worker's MSD (Annex 5.1). In search for actual causes of CTS or 

pain in back, shoulder or elbow, Table 1 gives some suggestions referring to the checkpoints 

recommended for workplace evaluation (Annex 2.1). 

 

 

8 Prevention 

Figure 9 shows the four most important biological factors that may cause MSD: bad posture, 

static and dynamic muscle (over)activity, contact stress and vibration. These in turn are in-

duced by tools, objects, the way of handling and workplace conditions. The following  

 
48 Canetti EFD et al., 2020. Risk factors for development of lower limb osteoarthritis in physically de-

manding occupations: A systematic review and meta-analysis - PubMed (nih.gov) (accessed 2022-
04-03). 

49 Kuijer PPFM et al., 2020.  https://link.springer.com/article/10.1007/s10029-020-02236-0#Tab3  (ac-
cessed 2022-04-03). 

Figure 8. Squatting promotes knee disorders 
(Watch: A Growing Culture's Daylong Broadcast 
Celebrating Black Voices on Juneteenth – Food 
Tank, accessed 2022-04-02). 

Table 1. Relevant items in Checklist-64 (Annex 2.1) in case of supposedly work-related pain etc. 

in back, shoulder, elbow, or symptoms of carpal tunnel syndrome. 

Checkpoint 1-4 5 6 8 9 11 12,13 14,15 16 24 26 37 54 55 56,58 60 

Back B B B B  B  B B B B B B B B B 

Shoulder S S S S  S   S S S   S  S 

Elbow E  E  E  E   E    E  E 

CTS     C  C     C    C 

https://pubmed.ncbi.nlm.nih.gov/32342888/
https://pubmed.ncbi.nlm.nih.gov/32342888/
https://link.springer.com/article/10.1007/s10029-020-02236-0#Tab3
https://foodtank.com/news/2020/06/watch-a-growing-culture-will-host-daylong-broadcast-celebrating-black-voices-on-juneteenth/
https://foodtank.com/news/2020/06/watch-a-growing-culture-will-host-daylong-broadcast-celebrating-black-voices-on-juneteenth/
https://foodtank.com/news/2020/06/watch-a-growing-culture-will-host-daylong-broadcast-celebrating-black-voices-on-juneteenth/
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recommendations make use of ergo-

nomics: the practice (and science) 

that aims at optimizing the tools, ob-

jects and their handling ('adapting the 

job to the worker'). 

Posture  

A neutral posture (= intermediate po-

sition of joints) is the ideal. It mini-

mizes the load on muscles, tendons, 

nerves and joints, and it affords maxi-

mum force and control. All move-

ments and activities have their 'com-

fort zone'; for manual work it is at or 

just below the elbow level. Variation 

in posture is favorable. Many job tasks force the worker into a bad posture for too long a 

time. Examples: picking fruit or cotton from low or high growing plants, cultivating small 

plants on the ground. The challenge for the expert, tool designer, innovative worker and em-

ployer is to adapt the task and tools such that the joints involved remain in a neutral position. 

Muscles 

■ Avoid static muscle load, example: remaining in a continuous bent or squatted position. 

Again, promote variation of posture and use opportunities for moving and stretching. 

■ Avoid strong dynamic forces on muscles etc., for instance lifting a too heavy load, espe-

cially in an unfavorite, bent or twisted posture. In the EU 23 kg is considered the maximum 

load under optimal conditions. 

■ Avoid repetitive movements as they tend to overload especially small muscles. 

Contact stress.  

This results from continuous contact or rubbing between sensitive body tissue, such as the 

soft tissue of the fingers, palms, thighs and feet, and hard surfaces or sharp objects. The 

pressure on a small area of the body can reduce 

blood flow, nerve function and obstruct movement 

of tendons and muscles.  Examples: resting 

wrists or elbows on the (sharp) edge of a desk or 

workstation while performing manual tasks, con-

tinuous pressing of tool handles into the palms, 

tasks that require hand hammering, kneeling, ap-

plying an axe, sitting without adequate space for 

the knees. 

Ergonomics, by its nature has to observe care-

fully the active worker. Its goal, a job with optimal 

health, safety, wellbeing and productivity, will bet-

ter be reached when the ergonomist invites the 

workers to actively contribute in the process of 

implementing ergonomic knowledge ('participa-

tory ergonomics').  

 

Figure 9. Checkpoints in case of MSD. 

Figure 10. Mechanical harvesting, here of ol-
ives, often introduces several ergonomic disad-
vantages: heavy static muscle load, contact 
stress, vibration. Photo by Gert van der Laan. 
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Adaptation of the job to the worker 

Physical dimensions like body length, arm length, hand strength and mental comprehension, 

differ between workers. Standard tools, machines and control panels do not fit all. Selection 

or adaptation of means to the workers concerned is often necessary, see Examples 1 and 2.  

ILO has made a practical checklist (Further information 1) that offers simple solutions for a 
wide range of agricultural problems, including those causing MSDs, see example 2. 
A health center that is interested in the occurrence of MSD and its local causes and preven-

tion may create a database as suggested in Chapter 1.7. 

 

Class on Musculoskeletal disorders 

A worker at risk of MSD will be presented on video to discuss diagnosis and prevention  

 

Further information 
1. ILO, Ergonomic checkpoints in agriculture, 2nd Ed. Geneva, 2014. This checklist contains 100 

checkpoints with extensive explanations. https://www.ilo.org/safework/info/in-
str/WCMS_176923/lang--en/index.htm (accessed 2020-11-11). 

2. ILO has a version of the checkpoints for mobile phone available at https://www.ilo.org/global/top-
ics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm 
(accessed 2021-12-16). 

Information for agricultural workers 

1. Ergonomic farming Manual.PDF (oregonstate.edu) (accessed 2022-03-12). 

2. SIMPLE SOLUTIONS: ERGONOMICS FOR FARM WORKERS (cdc.gov) (accessed 2022-03-12) .

Example-1. In Colombia120 female floriculture workers used tools that imposed high mechanical 
loads and pain. Their hands appeared to be different from the majority population, which indicates 
the need of better fitting or re-designed tools. Garcia-Caceres RG et al. 2012. https://www.-

sciencedirect.com/science/article/abs/pii/S0169814111001363?via%3Dihub) (accessed 2021-12-16). 

Example-2. Eliminate or minimize height differences between the work surfaces of different people. 
The elevations (purple) under the table accommodate the men, but require a 'personal' elevation for 
the woman. Now all three work in their 'comfort zone'. Figure 11. From ILO, Ergonomic checkpoints in 

agriculture, see Further information 1. 

https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/safework/info/instr/WCMS_176923/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm
https://agsci.oregonstate.edu/sites/agsci.oregonstate.edu/files/main/FST_manual/03-04.pdf
https://www.cdc.gov/niosh/docs/2001-111/pdfs/2001-111.pdf
https://www.-sciencedirect.com/science/article/abs/pii/S0169814111001363?via%3Dihub
https://www.-sciencedirect.com/science/article/abs/pii/S0169814111001363?via%3Dihub
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Annex 5.1  Documentation sheet MSD 

 Confidential 

Date: …………….…….. [ Examiner: ………………..…….… ]  

Patient name: …………………… Surname: …………………………. Gender: ……… M / F 

Date of birth: …………………… Address ……………………….… Length (cm) ……. 

Occupation: ……………………→ Specify ……………………….… Body weight (kg) ....... 

Main complaint  ............................................................  

Mark site(s) of pain / complaints in the Figure. 

Character of complaints  ................................................  

Complaints started at (date)  ..........................................  

Present medication  ........................................................  

Past interventions  ..........................................................  

(Un)able to do normal work  ...........................................  

Sick leave  ......................................................................  

Signs to be judged by examiner.: 

Reduced force  ...............................................................  

Tension, stiffness  ...........................................................  

Reduction of movement  ................................................  

Pain at contraction against resistance  ..........................  

Site-specific symptoms50  ...............................................  

Psychological factors  .....................................................  

Job / tasks  ....................................................................  

Duration job (hours/day)  ................................................  

#  rests/day, duration (min.) ...........................................  

Task suspected by patient  .............................................  

Duration of task (hours/day)  ..........................................  

Task under time pressure  ..............................................  

Repetitive movements  ...................................................  

Tool / machine / vehicle involved  ..................................  

Most disturbing posture  ................................................  

Duration of posture (min)  ...............................................  

Static muscle force  ........................................................  

Extreme position of joint(s)  ............................................  

Perceived effort of task  ..................................................  

Load moved during task / posture (type, kg)  ................  

Frequency handling load (# /min.)  ............................  

Horizontal distance from body51 (cm)  .......................  

Original height (cm)  ..................................................  

Destination height (cm) .............................................  

Good grip on load  .....................................................  

Rotation of body required  .........................................  

Strong dynamic muscle force52  .....................................  

External vibration  ...........................................................  

Contact stress  ................................................................  

 
50 For instance: nerve compression 
51 Relative to front of shoulder 
52  Including squeezing / pinching 
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6 Zoonoses 
 

A zoonosis is any disease or infection in man that is 

naturally transmissible from vertebrate animals to 

humans53. A zoonosis in humans can be acquired 

from an infected animal that is not ill, for example 

campylobacteriosis from healthy chicken. Most zo-

onoses can be transmitted between humans. The 

prevalence of zoonoses differs substantially among 

regions, as it is highly dependent on the type of ani-

mals and the procedure of breeding.  

 On a worldwide scale, about 40 zoonoses are a 

risk for agricultural workers and their families. Bil-

lions of dollars are spent on the control of zoonoses and on preventing infections from reach-

ing the public through contaminated farm products. The recorded number of zoonotic dis-

ease cases is likely to be a gross underestimate of the actual number. Zoonotic diseases 

more often occur as individual cases than as an epidemic.  

 The following zoonoses are addressed 

in the Chapter (4) on Skin diseases: an-

thrax, contagious ecthyma (Orf), dermato-

phytoses due to Microsporum or Tri-

chophyton species, erysipeloid, pseudo-

cowpox (milker's nodules) and tularemia.  

 Next to zoonoses, other infectious dis-

eases in man are related to work in agricul-

ture, for example staphylococcal infection 

due to contact with animals, tools, soil etc. 

Especially bacteria hosted in a stock 

treated with antibiotics are notorious for 

their potential antibiotic-resistance (MRSA, 

section 6). Furthermore, food-born and soil-

transmitted helminthic diseases will be dis-

cussed briefly (section 4 and 5). 

 The 'One Health' concept recognizes 

that the health of people is connected to the health of animals and to the – common – envi-

ronment. This concept encourages collaboration, especially between physicians, veterinari-

ans and researchers, to improve the health of people and animals, including pets, livestock 

and wildlife54. 

 

1 Overview of diseases 

 For an orientation on the subject some important zoonoses are mentioned in Table 1.  

 
53 Zoonoses (who.int) (accessed 2021-12-16) WHO implicitly excludes transmission by arthropods; 

other sources include arthropod-borne zoonoses, for example List of zoonotic diseases - GOV.UK 
(www.gov.uk) (accessed 2022-06-23). SARS-COVID-19 is considered a zoonosis, however, inter-
human transmission by far dominates the rare animal-to-human transmission. So this problem is 
exceptional in agriculture (incidentally humans have been infected by minks in mink ranches). 

54 https://www.cdc.gov/onehealth/multimedia/factsheet.html (accessed 2022-06-23). 

Zoonoses 

1. Overview diseases 

2. Transmission infectious organism 

3. Main animal host 

4. Food-born helminthic diseases 

5. Soil-transmitted helminthic diseases  

6. Antibiotic-resistant bacteria 

7. Susceptible groups  

8. Diagnosis 

9. Prevention 

Figure 1. One Health means our common environment 
(29th Conference of the OIE Regional Commission for 
Asia, the Far East and Oceania - OIE - World Organisa-
tion for Animal Health, accessed 2021-09-07). 

https://www.who.int/news-room/fact-sheets/detail/zoonoses
https://www.gov.uk/government/publications/list-of-zoonotic-diseases/list-of-zoonotic-diseases
https://www.gov.uk/government/publications/list-of-zoonotic-diseases/list-of-zoonotic-diseases
https://www.cdc.gov/onehealth/multimedia/factsheet.html
https://www.oie.int/en/29th-conference-of-the-oie-regional-commission-for-asia-the-far-east-and-oceania/
https://www.oie.int/en/29th-conference-of-the-oie-regional-commission-for-asia-the-far-east-and-oceania/
https://www.oie.int/en/29th-conference-of-the-oie-regional-commission-for-asia-the-far-east-and-oceania/


 Chapter 6   Zoonoses 
  

 
63 

 

 

CDC gives comprehensive information on many zoonoses, i.e. symptoms in humans and an-

imals, diagnosis, prevention etc.: section Further information (1). 

 

Table 1. A number of important zoonoses*    MBF = May be fatal 

Zoonosis  Infectious Agent  Main Reservoir  Transmission  Human Disease  

Bacteria     

Bovine Tubercu-
losis  

Mycobacterium bo-
vis  

cattle, wild animals  inhalation, inges-
tion 

cough, fever, weight 
loss, MBF  

Brucellosis  Brucella species, 
e.g. B. abortus  

cattle, goat, sheep, 
pig  

inhalation, inges-
tion  

fluctuating fever, 
joint pain  

Campylobacterio-
sis  

Campylobacter spe-
cies  

poultry, farm ani-
mals  

ingestion  diarrhea, abdominal 
pain  

Leptospirosis Leptospira species A. rodents ('Weil') 
 
B. cattle ('Hardjo') 

A: contaminated 
     water  
B: urine of cattle 

(A&B) flu-like, jaun-
dice, meningitis, kid-
ney failure, MBF 

Ovine Chlamydio-
sis  

Chlamydophila 
abortus  

sheep, goat  inhalation  flu-like, fetal loss, 
birth defects  

Psittacosis Chlamydophila  
psittaci 

birds inhalation flu-like, pneumonia 

Salmonellosis  Salmonella species  wild & domestic 
animals  

ingestion  diarrhea, vomiting  

Streptococcal 
sepsis  

Streptococcus suis, 
S. zooepidemicus  

pig, cattle  direct contact, in-
gestion  

flu-like, toxic shock 
syndrome  

Protozoa     

Cryptosporidiosis  Cryptosporidium 
parvum  

cattle, sheep  direct contact, in-
gestion water  

diarrhea  

Giardiasis  Giardia species  farm & domestic 
animals  

ingestion water  diarrhea, abdominal 
cramps  

Toxoplasmosis  Toxoplasma gondii  cat, mammals  ingestion feces, 
food  

flu-like, fetal loss, 
birth defects  

Viruses 
    

Avian influenza  Influenza A viruses0 
(very contagious)  

wild (aquatic) birds, 
poultry  

feces, saliva, bed-
ding, cloth 

flu-like0, MBF  

Hantavirus 
disease  

Hantaviruses  rodents  urine, feces, sa-
liva, inhalation  

flu-like, MBF  

Hepatitis E Hepatitis E virus pig, game animals feces, meat,  
drinking water 

jaundice, fetal loss 

Rabies  Rabies virus, Euro-
pean bat lyssavirus 
2 

dogdog, bat, cat, 
fox  

bite, lick, scratch neurological, death  

Swine influenza  Influenza A & C  
viruses  

pig contact with fe-
ces, saliva  

flu-like, MBF  

0  Substantial difference exists between high- and low pathogenic avian influenza (HPAI resp. LPAI). 

* Table adapted from https://oshwiki.eu/wiki/Occupational_zoonoses (accessed 2018-07-07). 

https://oshwiki.eu/wiki/Occupational_zoonoses


 Chapter 6   Zoonoses 
  

 
64 

Case: Zoonosis in a farm worker 

 A 54 year-old man had chills and fever while visiting his family in the city. The chills and fever oc-
curred on alternate days for a total of five days and were associated with cramping pains in the 
legs. Some diarrhea developed. On the seventh day the patient sought medical attention. His being 
a farm worker raised suspicion of a zoonosis, especially typhoid fever. He was referred to the Com-
municable Disease Unit (CDU). He was observed to be lethargic and confused. His temperature 
was 100.8 F(38.2 Celsius), the pulse rate was 104. No rash was noted, but slight pain in joints and 
splenomegaly was present.  
 Leukocytes numbered 3,500 per mm3, with 49 per cent neutrophils. The serum agglutination 
titer for brucella was 1:10,240 on one occasion and 1:5,120 on another. Brucella abortus was cul-
tured in two blood samples. After being questioned, he remembered that one of his three cows had 
an abortion some months ago. He agreed that the veterinarian of the CDU examined his cows and 
goats. Serological tests and milk tests revealed two cows and four goats to be infected. Conse-
quently all cattle on this farm were treated with antibiotics and subsequently recovered. The farm 
worker, too, recovered after antibiotic therapy. 

 

2 Transmission of infectious organisms 

Many organisms are excreted in feces and/or urine. Subsequently they mix with dust etc., 

become dry and settle on the animal's skin or in its environment. The worker may inhale or 

ingest the contaminated dust directly or after skin contact (hands etc.). Penetration through 

wounds or mucous membranes is possible. Transmission routes, with examples, are shown 

in Figure 2 (the numbers in the figure correspond to the routes). 

1. (Direct) contact with in-

fected animal: anthrax, bru-

cellosis, avian influenza, lep-

tospirosis, bovine tuberculo-

sis. A variant is a bite or 

scratch by dog, cat, bat or 

other carnivore: rabies. Be 

aware that the you may ac-

quire a zoonosis from an ani-

mal being treated. 

2. Contact with infectious ani-

mal excretions: feces, urine, 

abortion, placental tissues: 

leptospirosis, Q fever, echino-

coccosis, toxoplasmosis. The 

observation of these excre-

tions should be a warning. 

3. Consumption of contaminated food ('foodborne disease'), especially dairy products: bru-

cellosis, E Coli, giardiasis, salmonellosis, bovine tuberculosis. Also contaminated pork: toxo-

plasmosis, hepatitis E, MRSA, cysticercosis; meat from goats: Q fever; from cattle: BSE; and 

chicken: salmonella. Furthermore: eggs (inside and/or outside): salmonellosis.  

4. Contact with environment: dust, soil, water, or objects contaminated by infectious animal 

products: avian influenza, psittacosis, leptospirosis, fungal infections. 

5. Bite by arthropod: Lyme disease.  

6. Contact with infected humans: cryptosporidiosis, giardiasis, salmonellosis. 

Figure 2. The multiple transmission routes hamper infection prevention. 
The numbers are clarified in the text. 

http://www.haz-map.com/infect.htm#Living
http://www.haz-map.com/infect.htm#Living
http://www.haz-map.com/infect.htm#Product
http://www.haz-map.com/infect.htm#Product
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3 Zoonoses according to the main animal host 

Relatively frequent zoonoses are mentioned for each category of animals; many zoonoses 

may occur in other animals as well. This list can be helpful to detect the causal organism in a 

worker with a (suspected) zoonosis and known animal contact   . 

Table 2. Zoonoses according to the main animal host 

Swine African swine fever, erysipeloid, swine influenza, Nipah virus, strepto-

coccus suis, hepatitis E, salmonellosis, E. coli, pork tapeworm (taenia 

solium), ascariasis (ascaris suis), trichinosis 

Dairy cattle brucellosis, bovine tuberculosis, Q fever, bovine spongiform encephalo-

pathy (BSE, mad cow disease), tinea mycosis, pseudo-cowpox 

Beef cattle anthrax, leptospirosis, rabies 

Sheep contagious ecthyma (Orf), tularemia, echinococcosis 

Poultry avian influenza, Newcastle virus, ornithosis = psittacosis 

Goat brucellosis, ovine chlamydiosis, Q fever 

Horse equine encephalitis 

Lama, alpaca bovine tuberculosis 

Farm premises histoplasmosis, blastomycosis, coccidiomycosis, Hantavirus, Lyme dis-

ease, arboviral encephalitis (several vertbrates may be primary host)55 

 

4 Food-born helminthic diseases 

Four diseases are mentioned because of their high fre-

quency and the parasites' typical life cycle, (Table 3). If 

hygienic conditions on a farm are poor, workers in agri-

cul-ture have an increased risk of infection, moreover as 

they often eat on-site produced food. For prevention it is 

essential that there is no direct and no indirect contact of 

humans or animals with feces of respectively animals or 

humans. For details, see Further information 1. 

4.1 Taeniasis is caused by Taenia saginata (beef tape-

worm, ~ 5 m) or Taenia solium (pork tapeworm, 2-5 m). 

Humans get infected by eating meat that contains a cyst 

(a 'cysticercus') including a larva of Taenia species, and 

that is raw or undercooked or not-deeply fried. In the intestine the larva develops into an 

adult tape-worm, which attaches to the intestine wall and produces packets ('proglottids', visi-

ble in the stool) of eggs, more than 100.000 per day. If eggs attain the vegetation etc. that is 

eaten by cattle or pig (pig may also eat human feces), the larvae migrate to striated muscle 

and encapsulate in cysts. From there they may proceed into meat for human consumption. 

 A persons may also ingest eggs of pork tapeworm, by eating contaminated food that has 

been prepared by a household member or another person who has taeniasis, by hand-to-

mouth contact with contaminated soil, or by autoinfection. Then cysts (oval form, 0.5-2 cm or 

 
55 'arbo-' means arthropod-born, i.e. acquired by humans due to the bite of infected arthropods. 

Figure 3. Brain MRI: neurocysticercosis 
with multiple cysts (Neurocysticercosis 
- Wikipedia, accessed 2022-05-10). 

https://en.wikipedia.org/wiki/Neurocysticercosis
https://en.wikipedia.org/wiki/Neurocysticercosis
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larger) can develop in his muscles, eye or other organs ('cysticercosis': man is intermediate 

host). Cysts in brain ('neurocysticercosis', Figure 3) is in several countries the most frequent 

cause of seizures in adults. T. Saginata doesn't cause cysticercosis in humans. 

4.2 Cystic echinococcosis (Hydatid disease, hydatid [Greek] = fluid-filled sac). Caused by 

Echinococcus granulosus (dog tapeworm, 2-7 mm). Humans get infected by swallowing eggs 

following direct contact with a dog harboring a dog tapeworm, or by ingestion of soil, water or 

vegetables contaminated with infected dog feces. The larvae are released in the intestine, 

penetrate the wall, enter the circulation and form cysts in several organs. The cysts produce 

internal daughter cysts, which may be released and form secondary cysts in other organs. 

 Alveolar echinococcosis, due to eggs of echinococcus multilocularis excreted by foxes, 

dogs and cats, is rare but life-threatening due to parasitic tumors in several organs. 

4.3 Trichin(ell)osis. Caused by Trichinella spiralis and other T. species (roundworm, 1-3 

mm). Humans get infected by cysts containing a larva of Trichinella species due to eating 

meat of pigs or wild animals that is raw or undercooked or not-deeply fried. In the intestine 

the larva develops into an adult, the females produce eggs that release larvae which enter 

the enteric arteries and encapsulate in muscles. 

Table 3. Four common foodborn helmintic diseases. 

Disease 
 

Intermediate host (A) 
eats egg → harbors 
cysts 

Final host (B) 
eats cysts → har-
bors adult orm(s) 

Symptoms in humans 

Taeniasis 
Taenia saginata 
 
Taenia solium  
 

 
cattle 

pig,   

  
human 

human  

abdominal pain, loss of appe-
tite and weight 

same as above 

human (see text)  (neuro)cysticercosis 

(Cystic) Echino-
coccosis  
 

sheep, goat, pig, cattle, 
human 

dog 
 

slowly enlarging cysts in liver, 
lungs, other organs may even-
tually produce symptoms 

Trichinosis 
 

Involved animals (pig, bear, wild boar, small 
rodents) eat each other; can be A and/or B 

Human eats pig etc. 

diarrhea, vomiting, fatigue, fe-
ver, headache, cough, painful 
joints and muscles 

 

5 Soil-transmitted helminthic diseases 

Compared to the general population, workers in agriculture and their families are at-risk of 

soil-transmitted helminthic (STH) infection56. So, these are briefly treated here, although be-

ing no zoonoses. More than 1.5 billion people, especially in tropical and subtropical areas,  

are infected with STH worldwide. Over 0.8 billion children are in need of treatment, because 

they live in areas where these parasites, all roundworms, are intensively transmitted57. 

Transmission. The adult worms live in the intestine of infected people, where most species 

do not multiply, but they produce thousands of eggs each day, that they pass in the feces. In  

 
56 The following text is mainly abbreviated from a WHO webpage Soil-transmitted helminth infections 

(who.int) 2022 (accessed 2022-05-10). 

57 Info on specific infections: https://www.cdc.gov/parasites/sth/index.html (accessed 2019-03-24). 

https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections
https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections
https://www.cdc.gov/parasites/sth/index.html
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areas lacking adequate sanitation, these eggs contami-

nate the soil. Ingestion may occur via (1) vegetables 

that have not been carefully cooked, washed or peeled, 

(2) contaminated water sources, (3) hand-to-mouth con-

tact, especially by children who play in contaminated 

soil. There is no direct person-to-person transmission or 

infection from fresh feces, because in the soil the eggs 

need to mature, i.e. develop an internal embryo or 

larva, before being infective.  

5.1 Trichuris trichiura (whipworm, adults are 3-5 cm) is 

typically described by the previous information. The 

eggs mature in about 3 weeks. 

5.2 Ascaris lumbricoides (human roundworm) and As-

caris suis (pig roundworm) both are 20-35 cm and 

hardly distinguishable. After ingestion of a maturated 

egg, the larvae enter the circulation, respectively the lung, trachea and esophagus. They 

mate in the intestine and the females produce eggs which are excreted in the stool and ma-

ture in about 3 weeks. 

 5.3 Necator americanus and Ancylostoma duodenale (hookworm, 1 cm, Figure 4) produce 

eggs that hatch in the soil, releasing larvae that mature into a form that can actively pene-

trate the intact skin. Via the circulation and the lung, likewise ascaris, they end in the intes-

tine. People become infected primarily by walking barefoot on contaminated soil. 

5.4 Strongyloides stercoralis (threadworm, 1 mm) eggs hatch in the intestine and reach 

adult state there. The larvae can as well be deposited in soil by defecation, mature there to 

adult state, and produce eggs developing to larvae, which can penetrate human skin. From 

there they behave like hookworm. Uncontrolled multiplication can be fatal, especially in case 

of reduced immunity. 

Effects. In the intestine the worms feed on host tissues, including blood, induce malabsorp-

tion of nutrients, and cause loss of appetite. Hookworms, in addition, cause chronic intestinal 

blood loss that can result in anemia. Infection with few worms usually causes no symptoms. 

Heavier infections can cause diarrhea, abdominal pain, malnutrition, general malaise, and 

impaired physical development. Extreme infections can cause intestinal obstruction that 

needs to be treated surgically. 

At-risk groups to get infected are children, women of reproductive age and certain occupa-

tions, for example tea-pickers or miners active on wet soil. Although WHO doesn't mention it, 

many farm families must be at risk. 

Treatment & prevention. WHO recommends periodic deworming without previous individual 

diagnosis, to all at-risk people living in endemic areas. In addition: hygienic behavior (hand 

washing etc.) and provision of adequate sanitation is encouraged.  

 

6 Antibiotic-resistant bacteria 

A serious problem is the antimicrobial use in healthy food-producing animals. It induces anti-

microbial resistance: selection and dissemination of antimicrobial-resistant bacteria. These  

can be transmitted to humans via several routes, including food. Consequently, a farm 

worker with a zoonosis or infection by bacteria from such animals, has reduced or no benefit 

Figure 4. Hookworm infection 
(https://dawahnigeria.com/articles/edu-
cation-and-science-health-and-fit-

ness/hookworm-infection, accessed 

2019-11-18). 

https://dawahnigeria.com/articles/education-and-science-health-and-fitness/hookworm-infection
https://dawahnigeria.com/articles/education-and-science-health-and-fitness/hookworm-infection
https://dawahnigeria.com/articles/education-and-science-health-and-fitness/hookworm-infection
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of antibiotics and has increased chance of complications. A notorious bacteria is the MRSA 

(methicillin resistant staphylococcus aureus) bacteria. If a worker's disease or wound doesn't 

recover during antibiotic treatment, resistant bacteria should be suspected. These may have 

been incurred from cattle, but also from inappropriate self-medication. 

 WHO has strict recommendations58 to prevent the spread of antibiotic resistance: 

■ Only give antibiotics to animals under (correct!) veterinary supervision. 

■ Don't use antibiotics for growth promotion or to prevent diseases in healthy animals. 

■ Use alternatives to antibiotics when available, for example vaccination. 

■ Prevent infections on farms through hygiene and animal welfare. 

 

7 Susceptible groups 

Pregnant women may incur infection of their unborn child. During the first 3 months of preg-

nancy the risk is high. This is important information for those who may become pregnant. 

They should avoid contact with animals that are (suspected to be) ill as well as with their birth 

products, avoid cleaning of animal dwellings and cleaning of work clothing, they should wash 

hands after contact with animals and they should not drink raw milk. Especially dangerous 

diseases are ovine chlamydiosis, listeriosis, Q fever, toxoplasmosis, Zikavirus disease and 

hepatitis E (type 1). Similar restrictions hold for people who are sick or weakened, for exam-

ple by diabetes, or who use immunosuppressive or cytostatic medicines. Elderly people and 

children are more susceptible due to reduced, respectively immature, immune capacity. 

 

8 Diagnosis  

If a worker's symptoms are suggestive of a zoonosis, his/her feces or other biological mate-

rial should be cultured and blood be analyzed for antibodies. The health center should be 

aware of the laboratory facilities in the region and have sampling materials at hand. The cen-

ter should know a veterinarian in order to diagnose suspected animals. The practitioner will 

ask the worker whether he had contacted (potentially) sick animals on the farm, on the mar-

ket etc., including rats, bats and other vermin59. If a supposedly diseased animal is identified, 

its isolation should follow (see 6.1) and a veterinarian be contacted. A workplace visit (by vet-

erinarian or health center) should be considered to prevent the disease from spreading to hu-

mans and other animals, and to prevent re-appearance of the disease in the future. 

 

9 Prevention  

Preferably, animals should be prevented from becoming infected. Consider vaccination of 

cattle, for example against E. Coli 0157 or roundworm. Preventive use of antibiotics is  

discouraged or prohibited (section 7). Contact between animals of different farms should be 

avoided. A farm worker should not visit another farm in work clothing. A problem is that many  

zoonoses cause no clear symptoms, or even no symptoms at all in animals (carrier situa-

tion). The presence of such a (carrier) situation should be checked for the region where the 

health center is operative. See also Chapter 8.2 and 8.3 on veterinary medicines, respec-

tively disinfectants and cleaning agents. 

9.1 Prevention on the farm 

The following elements can be added to the checklist used for workplace evaluation. 

 
58 http://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance (accessed 2021-12-16) 

59 Diagnostic work-up in https://www.symptoma.com/en/info/zoonosis (accessed 2021-12-16). 

http://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.symptoma.com/en/info/zoonosis
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Arrangements  

■ Vaccination of animals and house-

hold pets.  

■ Vaccination of the workers, for exam-

ple against tetanus and anthrax. 

■ Have separate dwellings for humans 

and animals. 

■ Have a toilet and washing facility 

with soap and towels and keep it 

clean.  

■ Arrange that animal feces are at a 

maximal distance from the human 

area. 

■ Make sure that animals, for example pigs, cannot eat the feces of humans.  

■ Pets should not be fed with animal offal. 

■ If dead animals are not removed from the farm, bury them deep and at maximum distance 

from humans and other animals. The same holds for birth products. 

Behavior 

■ Have personal protective equipment available: impermeable gloves, boots, respiratory 

protection, for example dust mask. The FFP2 or N95 mask provide reasonable protection 

against small particles (0.3 µm) including viruses (Chapter 11). 

■ Use separate work clothes and shoes; do not bring these into the house or to other farms.  

■ Have a first aid kit available for treatment of wounds. Wounds should be cleaned with 

clean water and soap, disinfected with jodium/betadin, covered with waterproof plaster.  

■ Do not eat or drink in areas where animals, animal waste or animal products are present. 

■ Don't drink raw milk. 

■ Avoid contact with wild animals.  

■ Avoid touching your face and mouth with your hands while you are working. 

■ Wash hands after work with animals or with materials contaminated with animal products.  

■ Visitors should be instructed (with explanation) to keep their hands from anything that is 

touched by animals.  

■ A worker seeking medical assistance should mention work with animals or animal prod-

ucts. 

■ If an animal is (suspected to be) ill  

 Prevent contact with animal skin and products (including airborne dust). Use gloves and 

work clothes (wash after use). Take off respiratory protection after taking off all other pro-

tective provisions and don't touch the (potentially contaminated) outside. Separate sick 

animal from others. Keep susceptible persons at a distance. Contact veterinarian for ad-

vice and therapy. 

9.2 Prevention by the health center  

1. In case of a sick agricultural worker: be alert for a zoonosis. When such is suspected or 

confirmed, prevent spread of the disease, by safe handling of infectious patient’s secre-

tions, clothing, etc. If applicable, arrange measures on farm. Notify authorities. Be aware 

of regulations and procedures, have telephone numbers. 

2. Actively supply workers with information on zoonoses and other agricultural infections . 

Potential means: newsletter, text messages, using smartphone communication. 

 

Figure 5. Joint living of humans and animals in Laos village. 

Photo by Roland Dettmeijer (MCNV). 
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3. (Suggestion) Establish a region-wide contact group on 

'agricultural infections', coordinated by a veterinarian, 

who arranges a regular newsletter for health centers. 

Health centers each appoint a 'delegate', who quickly 

reports (suspected) cases of relevant disease to the 

coordinator. Arrange a meeting of all participants once 

or twice a year.  

 

 

Class on Zoonotic diseases 

Focus will be on the most important zoonoses in the region of 

the course participants, their properties and the required policy 

for diagnosis and prevention.  

 

 

Further information on medical aspects 

1. Centers for Disease Control. Inventory diseases and hazards. CDC A-Z Index - A. For health care 
providers: CDC - Parasites - Alphabetical Index of Parasitic Diseases (both accessed 2019-01-06). 

2. Health and Safety Executive. Useful description of 28 zoonoses, including hygiene practices and 
use of PPE. http://www.hse.gov.uk/agriculture/topics/zoonoses.htm (accessed 2019-01-06). 

3. WHO. The control of neglected zoonotic diseases. FX_intr.pmd (who.int) (accessed 2019-06-10) 
See also (6). 

Further information on occurrence etc.  

(several sources are available in many languages) 

4. World Health Organisation, Disease Outbreak News ('don', in humans). A country or disease can 
be specified: http://www.who.int/csr/don/en/ (accessed 2019-04-25). 

5. ProMED = International Society for Infectious diseases. Regular info on regional disease outbreaks 
in humans. http://www.promedmail.org/ (more detailed than WHO (accessed 2019-04-25). 

6. World Organization for Animal Health, OIE (originally 'Office International des Epizooties')  
 http://www.oie.int/en/animal-health-in-the-world/information-on-aquatic-and-terrestrial-animal-dis-

eases/ Properties of 170 animal infectious diseases (transmission, public health risk, clinical signs 
in animals, prevention, geographical distribution); reports on occurrence (accessed 2019-04-25). 

7. World Animal Health Information Database (wahis) http://www.oie.int/wahis_2/public/wa-
hid.php/Countryinformation/Animalsituation: according to country or continent ('region'): presence 
in past years of specific (OIE-listed) diseases in domestic and wild animals (accessed 2019-04-25). 

 
Information for agricultural workers 

Preventing Zoonotic Diseases | Research Animal Care and Safety (illinois.edu) (accessed 2022-06-23) 

Figure 6. Inform farmers in time on 
threatening diseases of animals or 
plants (5 Ways to Get Women to Use 
Your AgriTech Application Innovation 
(ictworks.org), accessed 2022-11-07). 

https://www.cdc.gov/az/a.html
https://www.cdc.gov/parasites/az/index.html
http://www.hse.gov.uk/agriculture/topics/zoonoses.htm
https://apps.who.int/iris/bitstream/handle/10665/43485/9789241594301_eng.pdf;jsessionid=9CC4A4CB6252680B55FE0278E4443D9A?sequence=1
http://www.who.int/csr/don/en/
http://www.promedmail.org/
http://www.oie.int/en/animal-health-in-the-world/information-on-aquatic-and-terrestrial-animal-diseases/
http://www.oie.int/en/animal-health-in-the-world/information-on-aquatic-and-terrestrial-animal-diseases/
http://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Animalsituation
http://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Animalsituation
https://animalcare.illinois.edu/standards/preventing-zoonotic-diseases
https://www.ictworks.org/women-agritech-application-innovation/#.Y2fPgMuZNPY
https://www.ictworks.org/women-agritech-application-innovation/#.Y2fPgMuZNPY
https://www.ictworks.org/women-agritech-application-innovation/#.Y2fPgMuZNPY
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7 Mental disorders 
 

Among the health problems due to work in agriculture, mental 

problems vary highly in etiology. This is related to the large cul-

tural, geographical and socio-economical differences between 

regions and their – sometimes intense – changes over time.  

 Often mental disorders remain unnoticed, because of a si-

lent belief among workers in agriculture and among others, that 

sturdiness is the basis of respect, and that mental problems are 

a reason for shame. This results in gross underreporting. So 

practitioners in primary health care should be alert to the pres-

ence of a mental problem, which may be hidden under the so-

matic symptoms that were the reason for a consult. To discover 

such, the practitioner should create a trustful relationship with 

the worker-patient. 

 

Case: Mental problems due to drought 

Peter, 29 years of age, lives with his wife Ann and two children, aged 3 and 5, on a farm that he has 

owned since 6 years. At the start, the farm production was sufficient for their living, but since 3 

years it has decreased due to a drought in the whole area. Last year he had to contract a loan at the 

local bank, to buy seeds and even to buy food for his family until the next harvest. He feels guilty not 

to be able to take care of his family. He expects that the coming harvest will be insufficient again 

and that he will need another loan. He has sleeping problems, is irritable, gloomy and avoids con-

tact with family and friends. His unreasonable quarrels with Ann on finances and his concern for the 

crops make the children cry. So Ann decides to take him to the health center for advice. 

 

1 Etiology 

Mental health condition is influenced by many factors, which can have a positive or negative 

effect, depending on the content. For example, if the relationship with family, partner, neigh-

bours, etc. is good, it promotes mental health and strengthens coping ability towards prob-

lems. If relations are bad or few, they tend to induce the opposite. Figure 1 presents four cat-

egories of factors that are relevant for workers in agriculture60.  

 Between a farmer-owner, employee-worker or day-labourer there are important differ-

ences in several factors that determine the risk of a mental disorder. We suggest that on first 

acquaintance the health care practitioner checks a worker's position in this respect. Exam-

ples of differences are (1) the possibility of arrangements to avoid long working hours and to 

have time with one's family, and (2) discrimination in case of different ethnic background. 

1.1 Workplace conditions 

The relationship with (co-)workers, boss, colleague farmers, clients, suppliers, etc. can add 

to pleasure in work, but can also lead to quarrel, (sexual) harassment or violence. Over the 

past decades the area of farms in industrialized countries, especially arable and cattle farm-

ing, has substantially increased and the number of personnel has decreased. This reduces 

the social network of both farmers and employees resulting in negative consequences for 

their mental health. Some sectors show an opposite change, especially during harvest: great  

 
60 Effects reverse to the arrows occur but are not indicated here. For mental disorders due to chemi-

cals, see Chapter 8. 
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numbers of workers are hired 

and live in overcrowded and of-

ten poor conditions with serious 

threats to mental and physical 

health.  

 Employment conditions 

and ergonomic conditions have 

much in common. Uncertainty 

of continuation of work, long 

working hours, fatiguing work 

tasks, high production pressure, 

dangerous work situations, min-

imal facilities for leisure, low in-

come (with many secondary 

worries), all threat mental con-

dition. To the contrary, work 

certainty, sufficient time for rest, 

pleasant work without pressure, safe work conditions, decent income, etc. promote mental 

wellbeing. The growing number of large plantations with plantation owners outsourcing work 

for low prices, resulting in substandard employment conditions, raises concern. 

 Relevant is that part of the workers in agriculture live at quite a distance from health care 

services. This means that, when they go for a consultation, advice is really needed. 

1.2 Private human relations 

Cultural traditions play a mostly supportive role in the world of farming. When the social net-

work becomes loose, problems of loneliness may arise. These may grow worse when the 

partner, often for economic reasons, has an off-farm job. This may have positive effects, like 

variation in contacts, as well as negative effects like complicated child care, different experi-

ences and a feeling of isolation by the partner remaining on the farm. Intergenerational prob-

lems may arise when the parents or children of the present owner have different opinions on 

the working methods, on finances or on succession of ownership. Example: a single son or 

daughter who is urged to take over the farm, or who refuses to do so. 

 The situation of migrant and seasonal workers who left their family and friends for 

months or more is structurally problematic: homesickness and worries arise if relatives have 

been left in needy or unsafe conditions. Refugees may have traumatic experiences and inse-

cure perspectives. 

1.3 Environmental and economic conditions 

Among the environmental factors, extreme weather, rain, storm, heat, flood, etc., and 

plagues are between a rich harvest or no yield at all. In absence of available countermeas-

ures farmers and workers may have concern and stress in unreliable seasons or perma-

nently. Relations with financiers become more important as farms grow in size or when in-

vestments in machinery are needed. Concern for low market prices and disappointing earn-

ings may cause big financial and, consequently, mental problems.  

 Governmental regulations may set new requirements to farm products, to pest control, 

fertilizer use, waste treatment, or paper-work. These requirements are sometimes difficult to 

understand and to fulfil. The position of farming and farm work in society is changing:  

      
Figure 1. The multiplicity of causes requires extensive investigation. 
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criticism on environmental pollution and treat-

ment of animals, odor complaints of urban neigh-

bours may affect the self-esteem of a farmer. 

1.4 Somatic disorders 

Physical health problems may lead to mental 

health problems. When a worker notices a so-

matic disorder or pain, this may result in stress 

and other mental problems, especially when he 

suspects farm work to be the cause. Concern for 

the unborn child may arise if the mother or father 

knows to have been exposed to toxic chemicals 

or infectious materials. 

 

2 Classification 

The disorders most often mentioned in relation to work in agriculture are, next to stress, anxi-

ety and depression, two disorders to which stress is supposed to contribute. The various 

classifications and descriptions of these disorders in the literature make a diagnosis some-

what difficult. Some classifications require a minimum number of symptoms during a mini-

mum of time and significant reduction of normal functioning. This approach implies a reduc-

tion from quantification to a binary conclusion. However, one should realize that any disorder 

is in fact on a continuous scale, which starts at normal health, and deserves attention. More-

over, a worker may have a combination of mental and somatic symptoms that doesn't typi-

cally fit into one 'formal' disorder61. And of course, in mental disorders cultural accents play a 

role both in the experience and the presentation.  

 In the following paragraphs the symptoms described are derived from ICD-1062 and the 

authoritative questionnaire DASS (Depression, Anxiety, Stress Scales). The DASS has to be 

filled in by the worker/patient and has been translated into about 50 languages. The DASS-

42 (public domain) comprises 14 questions for each scale and can be used to weigh the con-

tribution of the three disorders/diagnoses mentioned. The similar DASS-21 has three sets of 

7 questions; see the Figure 3 for an impression63. 

 

3 Stress 

Normal stress is a combination of physiological reactions ('arousal') to meet a need of activity 

that can be intense, for example in case of an environmental insult. The classic example is 

flight from or fight with an aggressive animal or human. Well-known components of such 

stress are intensified nervous functions and increased secretion of adrenalin and noradren-

alin. These in turn result in elevated alertness, increase of cardiac and muscular strength, in-

tensified respiration, decrease of gastrointestinal activity and skin blood flow. Cortisol con-

centration in blood increases resulting in gluconeogenesis (increase of glucose in blood), in-

hibi-tion of inflammation and many other effects. Normally, recovery follows such stress after 

some hours or a day. However, the concept 'stress' mostly refers to stress reactions that per-

sist for more than a few days and have become pathological. Important fects are increase of 

 
61 ICD-10 recognizes for example 'mixed anxiety and depressive disorder' (F41.2). 

62 ICD-10 Version:2019 (who.int)  (accessed 2022-06-24).  

63 DASS website, 2022. http://www2.psy.unsw.edu.au/groups/dass/  (accessed 2022-06-24). 

Figure 2. The need of help can be hidden in 
case of a mental disorder 
(https://www.farmerhealth.org.au/page/research-
centre/ripple-effect, accessed 2020-01-14). 

https://icd.who.int/browse10/2019/en
http://www2.psy.unsw.edu.au/groups/dass/
https://www.farmerhealth.org.au/page/research-centre/ripple-effect
https://www.farmerhealth.org.au/page/research-centre/ripple-effect
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blood pressure, muscle pain, increase 

of LDL choles-terol, disturbed glucose 

metabolism (promoting type II diabe-

tes), immune-osuppression, decrease 

of sex hor-mones, cardiovascular dis-

ease. The disturbance of dopamine 

and serotonin metabolism can induce 

depression and anxiety. 

 A worker with chronic stress64 will 

have several of the following mental 

complaints: tense feeling, unable to 

relax, easily startled or upset, irritable, 

nervy, jumpy, intolerant of interruption 

or delay. There is usually a state of 

autonomic arousal with hypervigilance 

and insomnia. The risk of accidents is 

increased. 

 

4 Anxiety 

Anxiety is closely related to stress. The worker feels apprehensive and worried about his per-

formance and about possible loss of control of the worry. In addition, autonomic effects ap-

pear, for example dryness of the mouth, breathing difficulties, pounding of the heart, sweati-

ness of the palms, trembling, muscular tension, dizziness and epigastric discomfort. Irritabil-

ity, restlessness, concentration difficulty, sleep disturbance and fatigue may also occur. 

 

5 Depression 

Depression is a disturbance of mood. Feelings are: gloomy, unable to experience enjoyment 

or satisfaction, unable to become interested, low self-esteem, pessimistic, idea that life has 

no meaning or value, recurrent thoughts of death. Accompanying somatic symptoms may be: 

sleep problems, fatigue, psychomotor retardation or agitation, loss of appetite, weight loss, 

and loss of libido. Depending upon the number and severity of the symptoms, a depressive 

episode may be specified as mild, moder-

ate or severe.  

 

6 Posttraumatic stress disorder 

This disorder, abbreviated to PTSD, implies 

distressing memories, dreams and usually 

re-experience of a serious incident. The in-

cident concerns actual or threatened death, 

serious injury or sexual violence that the 

person has experienced him (her) self, or 

witnessed, or heard of in case of a close 

relative. In addition: marked physiological 

reactions (arousal), avoidance of reminders 

 
64 Chronic stress is not recorded as a disease entity in ICD-10, somewhat resembling is 'adjustment 

disorder' (F43.2) https://icd.who.int/browse10/2016/en#/F40-F48 (accessed 2019-02-03) 

DASS 21  Name:  Date:  

 

Please read each statement and circle a number 0, 1, 2 or 3 which 
indicates how much the statement applied to you over the past 
week. There are no right or wrong answers.  Do not spend too much 
time on any statement.  
 

The rating scale is as follows:  

0   Did not apply to me at all  
1   Applied to me to some degree, or some of the time  
2   Applied to me to a considerable degree, or a good part of time  
3   Applied to me very much, or most of the time  
 

I found it hard to wind down  0    1    2    3  
I was aware of dryness of my mouth  0    1    2    3 
I couldn’t experience any positive feelings at all  0    1    2    3 
Etc. …. 

Figure 3. Impression of the DASS questionnaire. 

Figure 4. Serious incidents may induce PTSS 
(https://afophs.wordpress.com/2016/09/27/going-off-
course-unsafe-terrain/, accessed 2020-01-14). 

https://icd.who.int/browse10/2016/en#/F40-F48
https://afophs.wordpress.com/2016/09/27/going-off-course-unsafe-terrain/
https://afophs.wordpress.com/2016/09/27/going-off-course-unsafe-terrain/
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of the incident, negative beliefs and depressive mood. In agriculture, for example, the trau-

matic event can be the turnover of a tractor, being caught by the moving parts of a machine, 

attack by a bull, falling from a height, drowning in mud, electrocution. 

 

7 Abuse of substances 

Alcohol and drug abuse can be related to depression and to the inadequate handling of oc-

cupational problems. Where the social network is loose, as is the case in some agricultural 

conditions, there is little social control and one may be prone to alcohol and drug abuse. A 

deficient social network should be an element of the anamnesis and a warning sign for a 

mental problem. 

 

8 Suicide 

Suicide, often the result of a mental disorder, has been reported to be more prevalent in 

some agricultural populations. Economic problems and debts, for example caused by 

weather, plagues, flood or fire, are predisposing. A primary health center has some possibili-

ties to be prepared for such setbacks65. An isolated position of the farmer or worker and de-

pression add to the risk of suicide. The health care practitioner should be aware of depres-

sive symptoms and address the worker's feelings towards suicide, see Further information 3 

and 7. When the patient recognizes the risk of harming himself, one of the recommendations 

is that fire arms, pesticides and similar destructive means be made inaccessible to him. An 

earlier suicide attempt is a substantial warning for repetition. 

 

9 Susceptible groups 

If a worker has reduced ability to cope with problems and changes in his work, personal envi-

ronment and his physical condition, then he is more susceptible to a mental disorder.  

 

10 Diagnosis 

Measurement of stress hormones (cortisol, adrenalin) has no use as concentrations vary 

highly between and within individuals. Good listening and creating a trustful atmosphere is 

essential. The DASS or other questionnaire may indicate the 'center' of the mental problems. 

A check of potential etiological factors, for example financial and relational problems, is self-

evident. The Questionnaire Work history in Agriculture (Annex 1.1) may indicate causes and 

solutions. A hetero-anamnesis with the partner or another family member can be informative 

and even used to arrange support. 

 

11 Therapy 

Out of the many therapies that are recommended, local facilities and experience determine 

the choice of the therapy. Examples are cognitive therapy ('the patient's thoughts can im-

prove his feelings and behavior'), participation in a therapy group, coaching by a community 

worker, church staff member or health volunteer. Further possibilities are several types of re-

laxation, physical activity, preferably in a social context, support from family and social net-

work. Specialist intervention may be needed. The employer of agricultural workers may be 

 
65 Website Resources for Emergency Health Professionals|Emergency Preparedness & Rresponse 

(cdc.gov) (accessed 2022-06-24). 

https://emergency.cdc.gov/health-professionals.asp
https://emergency.cdc.gov/health-professionals.asp
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contacted with the worker's permission to see if working conditions can be adapted or im-

proved. 

 

12 Prevention 

Advice on efficient farm management can be obtained from colleagues or expert-advisors. 

The Checklist Workplace Evaluation can contribute, especially the checkpoints on ergonom-

ics, training, and work organization. Working together with colleagues and keeping in close 

touch with them and with neighboring public can reduce a farmer's stress. It is essential to 

arrange sufficient time for sleep, for free time, for leaving the farm, for human relations and 

for doing things that one enjoys. Intensify friendships and communicate personal problems. 

 
Class on Mental disorders 

1. Recognition of subtle signs of mental problems in a worker coming for consultation. 

2. Construction of an inventory of various therapists, coaches, etc. in the practitioner's region, who are 

available for mental problems and disorders in workers in agriculture. 

 

Further information 
1. On: Depression, alcohol; with valuable links. https://www.farmerhealth.org.au/page/depression/de-

pression-the-facts (accessed 2019-02-08). 

2. On: Stress on the farm; with valuable links. https://www.farmerhealth.org.au/page/health-cen-
tre/stress-and-farming-coping-tips (accessed 2019-02-08). 

3. On: Suicide; with valuable links. https://www.farmerhealth.org.au/page/health-centre/suicide-signs-
to-look-for (accessed 2019-02-08). 

4. On: Alcohol and farmers; with valuable links. https://www.farmerhealth.org.au/page/health-cen-
tre/alcohol-and-farmers (accessed 2019-02-08). 

5. ILO Stress Checkpoints; app for mobile phone https://play.google.com/store/apps/de-
tails?id=com.aimermedia.ilo_checkpoints.stress (accessed 2020-03-08). 50 checkpoints, many ad-
dressing communication aspects, intended for employers. 

6. Sartore GM et al., 2007. Control, uncertainty, and expectations for the future: A qualitative study of 
the impact of drought on a rural Australian community | Rural and Remote Health (informit.org) 
(accessed 2022-06-24). 

7. Website of Australian Centre for Posttraumatic Mental Health. Psychosocial Support in Disasters : 
Home (psid.org.au) (accessed 2022-06-24). 

 
Information for agricultural workers 
The (one page) documents under Further information 1, 2, 3 and 4 are intended for workers; If de-
sired, permission for translation can be obtained. 

https://www.farmerhealth.org.au/page/depression/depression-the-facts
https://www.farmerhealth.org.au/page/depression/depression-the-facts
https://www.farmerhealth.org.au/page/health-centre/stress-and-farming-coping-tips
https://www.farmerhealth.org.au/page/health-centre/stress-and-farming-coping-tips
https://www.farmerhealth.org.au/page/health-centre/suicide-signs-to-look-for
https://www.farmerhealth.org.au/page/health-centre/suicide-signs-to-look-for
https://www.farmerhealth.org.au/page/health-centre/alcohol-and-farmers
https://www.farmerhealth.org.au/page/health-centre/alcohol-and-farmers
https://play.google.com/store/apps/details?id=com.aimermedia.ilo_checkpoints.stress
https://play.google.com/store/apps/details?id=com.aimermedia.ilo_checkpoints.stress
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sartore%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=18075619
https://search.informit.org/doi/abs/10.3316/INFORMIT.471246494717588
https://search.informit.org/doi/abs/10.3316/INFORMIT.471246494717588
http://www.psid.org.au/
http://www.psid.org.au/
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8 Pesticides and other chemicals 
 

Chemicals, especially pesticides, constitute a renowned hazard in agriculture. Acute intoxica-

tions due to the agricultural use of pesticides are presumably very frequent, especially in 

view of the inevitable underreporting. A recent review66 suggests that at least several million 

cases of unintentional acute pesticide poisoning yearly occur worldwide, resulting in some thou-

sands of fatalities. Next to these predominantly agricultural cases one should not neglect the 

roughly hundred thousand suicides due to pesticide ingestion67. Likely a substantial part of 

these concern workers in agriculture experiencing economic and climatic problems. Regard-

ing long-term contact the impact of pesticides on the occurrence of disease is likely important 

but largely unknown. This is partly due to the unretractable exposure of agricultural workers 

to the many, often unspecified, products in use. 

 In the next paragraphs the section 'Therapy' is intended to give just an orientation; for 

practice consult a Toxicological center, Safety data sheet, specialist or a professional book. 

 A section on 'Prevention' is only present if specific measures for that chemical or group 

apply; the general preventive measures (1.5) are always valid. Note that many chemicals 

easily penetrate the skin; for solids this applies to the dissolved form. 

 Some indispensable general knowledge of chemical exposure is presented in the 4-page 

Annex 8.1: 'General aspects of chemical exposure'. 

 

1 Pesticides 

Pesticides are substantial hazards for those involved in 

the production and application. Many farmworkers are 

regularly exposed; they can absorb pesticides by inhala-

tion and/or skin contact. This may occur during the pro-

duction of crops, breeding of animals, eradication of ver-

min or weeds, etc. Furthermore, the potential presence in 

food and negative effects on nature ask for thoughtful 

use. This chapter gives an impression: it is impossible to 

mention the effects of the multitude of pesticides; locally 

important substances may be missing here. To allow the 

participant to retain an overview, some groups of pesti-

cides have been set to the background by presenting 

these in a gray box.  

 As a reference book EPA's 'Recognition and management of pesticide poisoning' is rec-

ommended, see Furter information. A most practicable website for the general public on the 

 
66 Boedeker W et al., 2020. The global distribution of acute unintentional pesticide poisoning: estima-

tions based on a systematic review | BMC Public Health | Full Text (biomedcentral.com) (accessed 
2021-12-23). 

67 Mew EJ et al., 2017. The global burden of fatal self-poisoning with pesticides 2006-15: Systematic 
review - ScienceDirect (accessed 2021-12-23). 

Record the telephone number of the National or Regional Intoxications Information Cen-
ter or Poison Control Center: ………………. 

The authors cannot take any responsibility for the way in which the information in this 
chapter is used nor for the outcomes. Readers should independently verify recommenda-
tions. 

Pesticides and other chemicals 

1. Pesticides 
1.1 Insecticides  
1.2 Herbicides 
1.3 Fungicides 
1.4 Rodenticides 
1.5 Miscellaneous pesticides  
1.6 Selected effects  
1.7 Susceptible & at-risk groups 
1.8  Diagnosis 
1.9 First aid 
1.10 Prevention 

2. Other chemicals … 

https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09939-0
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09939-0
https://www.sciencedirect.com/science/article/pii/S016503271730280X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S016503271730280X?via%3Dihub
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use of pesticides is offered by NPIC68. The number of initiatives to replace pesticides with 

ecologically sound alternatives is growing69.  

 

1.1 Insecticides 

 

1.1 A. Organochlorine group.  

Examples. DDT, dieldrin, lindane (= γ-hexachlorocyclohexane, γ -HCH); in pure state: solids.  

Most of these substances are covered by the Stockholm Convention rules meaning that the majority 
should have been eliminated. Limited use is allowed for DDT in malaria control. Lindane is allowed 
as a human health pharmaceutical for the control of head lice and scabies. 

Properties. Developed and intensively used 1940 – 1970. Highly effective against e.g. the malaria 

mosquito and low acute toxicity against mammals. The environmental and biological persistence 

(half-time about a year) caused fatal accumulation in food chains and resulted in widespread prohi-

bition. Production has practically been abolished, but remnants may be present and used. 

Symptoms. The inhibition of the nerve sodium pump results in overstimulation of the nerves, which 

may produce convulsions (insects are susceptible). To the non-acute effects belong hepatotoxicity 

(e.g. enzyme induction), reduction of thyroid function and of male reproduction hormones. DDT is a 

probable-, and lindane an evident carcinogen (IARC, 2018). 

Diagnosis. Elevated concentration in blood. 

Therapy. No specific measure. 

 

1.1 B. Organophosphates and carbamates70.  

Both groups are relevant in view of their widespread use and their high toxicity. 

Examples. The organophosphates (OPs) parathion, malathion, diazinon, (oil-like liquids), 

chlorpyrifos (solid) and the carbamates carbaryl and propoxur (solids). 

Properties: usage from about 1970; highly toxic to both insects and mammals. Appreciable 

environmental degradation prevents accumulation in food chains. The toxic mechanism con-

sists of inhibition of the cholinesterase enzyme (ChE) in the ('cholinergic') nerve synapses, in  

 
68 National Pesticide Information Center - Home Page (orst.edu) (accessed 2021-12-24) 

69 Pesticide Action Network International. http://pan-international.org/ (accessed 2020-04-17). 

70 The carbamates in this section are N-methyl carbamates, discerned from the dithiocarbamates 
used as fungicides and having no anti-cholinesterase effect. 

Case Box 1 
A farmer (40 yrs) visits the Health Center, urged and accompanied by his wife. Since 2 weeks 
he has had increasing fatigue, headache, dizziness, nausea and blurred vision. Anamnesis re-
veals: during the recent, very warm month he sprayed several pesticides with his backpack 
sprayer on 5 consecutive days, only using a cotton face mask for personal protection. His con-
dition appears stable, so atropine administration is not indicated nor pralidoxime, as exposure 
was more than one day ago. A skin prick blood sample is examined in the health center labora-
tory for cholinesterase (ChE) activity. Red blood cell ChE appears to be 60%, plasma 
(‘pseudo’) ChE 50% of normal value. The patient is sent home with instruction to shower, rest 
for at least 3 days and have all contaminated clothes thoroughly laundered. He is advised not 
to spray organophosphates or carbamates for 2 weeks and then have his ChE checked. Pa-
tient accepts the offer by an experienced worker of the Health Center to check patient’s spray-
ing apparatus, to advice on protective equipment and to perform a quick workplace evaluation. 

http://npic.orst.edu/
http://pan-international.org/
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the neuro-muscular and neuro-glandular junctions71. The normal breakdown of the acetylcho-

line (ACh) transmitter is reduced, resulting in an abnormally high amount of ACh, which binds 

to the (postsynaptic) ACh-receptor, followed by overstimulation of the involved nerves, mus-

cles and glands72, see Figure 1.  

Symptoms. The acute symptoms of high exposure are:  

1. (parasympathetic effects) pinpoint pupils (miosis), slow heart rate (bradycardia), saliva-

tion, lacrimation and other hypersecretions, for example in the bronchi and lungs, which 

can obstruct ventilation; abdominal cramps, urination and defecation; in addition 'general' 

effects: nausea, headache, dizziness. 

2. sweating. 

3. muscle weakness, fasciculations, convulsions. 

4. 'central' effects: anxiety, disorientation, loss of consciousness, arrest of respiration, death. 

In mild intoxication the symptoms of these anti-Che agents resemble heat stress or heat ex-

haustion, except that in heat stress the pulse rate is high (Chapter 9.4). Large differences ex-

ist between the substances in toxic potency and in treatability. Except for life-threatening ex-

posure, the ChE inhibition by carbamates is spontaneously reversible in some hours (up to 

24, depending on type, absorption, etc.). To the contrary the inhibition by organophosphates 

becomes irreversible after some hours. 

 Chronic effects may be peripheral neuropathy, which is dependent on the specific organ-

ophosphate involved, and neuropsychological effects (reduced attention, memory, etc.). 

 Regarding carcinogenicity, in 2017 IARC judged malathion and diazinon to be probably 

carcinogenic, and parathion and tetrachlorvinfos possibly carcinogenic.  

 
71 More precisely: the acetyl-cholinesterase enzyme (AChE) which is also present in erythrocytes, to be 

discerned from the butyryl-('pseudo'-)cholinesterase enzyme, which is present in plasma and more 
susceptible to inhibition. 

72 For a simple, instructive animation, see https://www.youtube.com/watch?v=_jfGKbbZStw or better 
 https://www.youtube.com/watch?v=r12e0AhAl6w (accessed 2020-03-12). 

Figure 1. Mechanism of cholinesterase (ChE) inhibiting insecticides. Steps 1-5 represent the normal situa-

tion. The Inhibitor (I) causes step 5A-7 to occur: it binds to ChE, preventing the cleavage of acetylcholine 

(ACh) and consequently inducing ACh accumulation at the receptors (R) and hyperactivation of the 

postsynaptic element (nerve, muscle or gland. Note: in reality the pre- and postsynaptic elements have 

intimate contact.) 

https://www.youtube.com/watch?v=_jfGKbbZStw
https://www.youtube.com/watch?v=r12e0AhAl6w
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Diagnosis. The combination of miosis ('pin point pupils') and bradycardia is highly suggestive. 

Specific is a decrease of acetyl-cholinesterase (AChE) activity in erythrocytes and of 'pseu-

docholinesterase' in plasma. However, the normal range is wide. An AChE value less than 

70% of pre-exposure indicates that all potential exposure should be finished; a value below 

60% warrants medical attention. Rapid paper-based field tests are available. 

Therapy of acute intoxication. (1) Atropine, which blocks the ACh-receptors involved in the 

parasympathetic effects and sweating. Severe cases need quick administration to prevent 

fatal outcome: 2-4 mg intravenously, then 2 mg each 5-10 minutes until complete atropinisa-

tion: dry, red skin, tachycardia, wide pupils (the latter sign not feasible if eye has been con-

taminated). Incidentally hundreds of mg per day during several days are needed. (2) pra-

lidoxime, which can regenerate the nerve cholinesterase inhibited by organophosphates. To 

be administered after atropine and within one day; thereafter and in case of carbamate intoxi-

cation it is contraindicated. 

Prevention. See section1.9. Pre-season measurement (preferably twice) of individual ChE 

activity in blood (plasma and erythrocytes) is recommended to obtain a reference value for 

follow-up during the pesticide season and in case of a (suspected) intoxication.  

 

1.1 C. Pyrethroids.  

Examples. Deltamethrin, permethrin, cypermethrin. 

Properties. The original, natural pyrethrum / pyrethrines are extracted from Chrysanthemum 

plants. Rapidly degrading due to sun and heat, they are used against insects inside build-

ings. They are often combined with piperonylbutoxide to inhibit the degradation. The deriva-

tive synthetic pyrethroids are more potent and stable.  

Symptoms. The acute toxicity to mammals is low; dermal and respiratory irritation and allergy 

may occur. High exposure may cause paresthesia, gastro-intestinal irritability and seizures. 

Diagnosis. Metabolites appear in urine but measurement is not routinely available. 

Therapy. Vitamin-E oil applied to the skin is recommended to stop and prevent the paresthe-

sia. 

 

1.1 D. Neonicotinoids  

Examples. Imidacloprid and thiamethoxam; their use has greatly 

increased in recent years, but is strongly disputed because of ex-

tensive mortality of bees and other insects. 

Properties. The neonicotinoids are modified from nicotine to have 

high selectivity for insect ACh-receptors (of the nicotine type). 

Absorption by plants, by means of spraying them or treating the 

seeds, is needed for the substances to become ingested by 

sucking insects. Like nicotine, neonicotinoids mimic ACh and 

open the neuron sodium channels, however for an abnormally 

long duration. After a phase of hyperactivity with muscular spasm 

the neurons stop functioning and the insect dies73. 

 
73 For a simple, instructive animation: see  https://www.youtube.com/watch?v=yZTax0Z6uR4 or 

https://www.youtube.com/watch?v=Dn1EWCDrR-Q (accessed 2020-03-12). 

Figure 2. Frequent victim of 
neonicotinoids: honey bee 
(Protecting Pollinators While 
Using Pesticides | Ohioline 
(osu.edu) Photo by D 
Shetlar. Ohio State Univ., ac-
cessed 2021-11-30). 

https://www.youtube.com/watch?v=yZTax0Z6uR4
https://www.youtube.com/watch?v=Dn1EWCDrR-Q
https://ohioline.osu.edu/factsheet/anr-68
https://ohioline.osu.edu/factsheet/anr-68
https://ohioline.osu.edu/factsheet/anr-68
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Symptoms. The following symptoms, due to the nicotinic stimulation, have been described in 

patients after ingestion: confusion, agitation, headache, drowsiness, dizziness, weakness, 

tremor, loss of consciousness. Also vomiting, diarrhea and abdominal pain may occur, as 

well as aspiration resulting in dyspnoea and pneumonia; cardiac hypo- and hyperactivity 

were seen.  

Diagnosis. Chemical analysis (GC/MS) is complicated.  

Therapy. General supportive measures. No specific antidote available. 

 

1.2 Herbicides 

1.2 A. Chlorophenoxy compounds 

Examples. 2,4-D and 2,4,5-T (2,4-di- and 2,4,5-tri-chlorophenoxy acetic acid).  

Properties. Both are used against woody vegetation and became notorious for wood defolia-

tion in the USA-Vietnam war ('Agent Orange').  

Symptoms. Moderately irritant to mucous membranes and skin. The technical product may 

contain traces of the extremely toxic dioxins, induced by too high temperature at the synthe-

sis. Notorious among these is TCDD, which causes chloracne, reproductive and develop-

mental abnormalities, damage to the immune system, cancer, and interferes with hor-

mones74. Some effects associated with 2,4-D and 2,4,5-T, i.e. liver dysfunction, neuropathy 

and carcinogenicity (IARC: 'possibly carcinogenic'), might have been (partially?) caused by 

dioxins. 

Diagnosis. Substances can be measured in urine. Therapy. No specific therapy available. 

 

 

1.2 C. Diquat and paraquat  

Symptoms. Extremely irritant. In case of ingestion: liver and kidney necrosis. Paraquat is no-

torious for its induction, about a week after ingestion, of malignant proliferation of lung con-

nective tissue, which often results in death. 

Diagnosis. Substances in urine. 

 
74 https://www.who.int/news-room/fact-sheets/detail/dioxins-and-their-effects-on-human-health (ac-

cessed 2020-03-12). 

1.2 B. Nitro- and chloro-phenolic compounds  

Examples. DNOC (dinitroorthocresol), also used as fungicide 
and nematocide, and pentachlorophenol (PCP), also used as 
a preservative of some specific building materials.  
Symptoms. These substances increase metabolism, irre-
spective of a person’s mechanical activity, resulting in hyper-
thermia, tachycardia, headache, and dehydration. A hot envi-
ronment is an additional risk and may result in kidney dam-
age and generalized cellular necrosis. Both are irritant to the 
skin. PCP also irritates the airways, has extensive systemic 
toxicity. Chronic effects: liver and kidney dysfunction and 
neuropathy. PCP has been classified (IARC, 2019) as evi-
dent human carcinogen. 
Diagnosis: metabolites in urine.  
Therapy: treatment as in heat stress (see Chapter (9.4). 

Figure 3. PCP is used for wood protec-
tion. (Miilieubeleid: Internationaal en 
nationaal (nascrc.com), accessed 
2022-10-15). 

 

https://www.who.int/news-room/fact-sheets/detail/dioxins-and-their-effects-on-human-health
https://www.nascrc.com/wp-content/uploads/2019/11/1.-1.-Netherlands-presentation-Dutch-inventory_v2.pdf
https://www.nascrc.com/wp-content/uploads/2019/11/1.-1.-Netherlands-presentation-Dutch-inventory_v2.pdf
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Therapy. Oxygen is contraindicated in case of paraquat, as it promotes the lung damage. 

Strong efforts are needed (gastric lavage, hemoperfusion) to maximally remove ingested par-

aquat. 

 

1.2 D. Glyphosate 

Properties. Use has expanded since glyphosate-resistant crops 

have been developed by genetic modification. So, unwanted 

weeds are killed without harming those crops. The low acute 

human toxicity is related to its main effect of killing weeds by in-

hibition of a plant enzyme that is absent in humans. 

 Symptoms. Inhalation may cause mouth, throat and abdominal 

pain, nausea, vomiting and diarrhea. Glyphosate is a probable 

human carcinogen according to IARC (2017)75. Intentional in-

gestion of large doses induces cardiac failure, lung edema and 

renal acidosis. 

Diagnosis. Substance can be measured in plasma. 

Therapy. General supportive measures; no specific antidote is 

known. 

 

1.3 Fungicides 

Fungicides are widely used to protect grain etc. during storage, also crops (e.g. berries, ap-

ples, nuts, tobacco), seedlings, flowers, grasses, painted surfaces (against mildew), etc. 

Some herbicides (e.g. DNOC, PCP, see 1.2.B) are being used as fungicide as well. All are 

irritating, however to a different extent, and some can cause sensitisation. A few are men-

tioned. 

 

1.3 A. Dithiocarbamates 

Examples. Thiram, ziram, ferbam, zineb, maneb.  

Symptoms. Dithiocarbamates have no (some have negligible) cholinesterase inhibiting effect 

and are moderately irritating. Several have the 'Antabuse effect', which refers to an alcohol 

aversion therapy. If a person, after having used ‘Antabuse’ (= disulfiram, a special dithiocar-

bamate), drinks alcohol, unpleasant effects occur: nausea, vomiting, abdominal and chest 

pain, dyspnea, headache, faintness, sweating, confusion76. Workers with significant exposure 

to dithiocarbamates should not drink alcohol for some weeks. Zineb and maneb (like other 

ethylene bisdithiocarbamates) have no Antabuse or anti-ChE effect. 

 
75 http://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Car-

cinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017 (ac-
cessed 2020-03-12). Regrettably the US EPA (2017) considered glyphosate as “not likely to be 
carcinogenic to humans.” This conclusion was largely based upon genotoxically negative, regis-
trants assays of technical glyphosate in view of 'normal' dietary exposure. To the contrary, IARC's 
conclusion was based upon genotoxically positive, published peer-reviewed assays of glyphosate-
based herbicides taking into account data on oxidative stress and (3) epidemiological studies and 
in view of occupational exposure, see https://enveurope.springeropen.com/arti-
cles/10.1186/s12302-018-0184-7 (accessed 2020-04-18). 

76 It is caused by accumulated acetaldehyde, a degradation product of alcohol (ethanol), due to inhibi-
tion of the acetaldehyde dehydrogenase enzyme by Antabuse. 

Figure 4. Lung fibrosis in para-
quat intoxication (ingestion) 
(https://www.hindawi.com/jour-
nals/cricc/2012/652146/, ac-
cessed 2020-03-12). 

http://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017
http://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Organophosphate-Insecticides-And-Herbicides-2017
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0184-7
https://enveurope.springeropen.com/articles/10.1186/s12302-018-0184-7
https://www.hindawi.com/journals/cricc/2012/652146/
https://www.hindawi.com/journals/cricc/2012/652146/
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Diagnosis. For the majority no chemical confirmation is available. 

Therapy. If strong Antabuse effect: general support by oxygen and intravenous fluids. 

 

1.3.B  Substituted benzenes 
Hexachlorobenzene (HCB) is notable, as it has been reported to have caused chronic toxic porphy-
ria (impaired haemoglobin synthesis) in farm dwellers who consumed HCB treated grain. Symptoms 
were reddish urine, bullous lesions in sun-exposed skin, liver enlargement, arthritis etc. HCB has 
been classified as a possible human carcinogen (IARC, 2001). The metabolite trichlorophenol is 
promptly formed and excreted in urine. HCB should be eliminated according to the Stockholm Con-
vention. Also pentachlorophenol (see 1.2. B) belongs to this group. 
Therapy. No specific therapy. 

 

1.4 Rodenticides 

1.4 A. Anticoagulants 

Examples. Coumarin and indandione derivatives: dicoumarol, warfarin, respectively chloro-

phacinone. Much more toxic are the 'modern' bromodiolone, brodifacoum and difenacoum. 

The substances are applied after being adsorbed onto the grain, corn, etc. of the bait. On the 

farm, toddlers are at risk as well as pets and non-targeted animals. 

Symptoms. All depress the vitamin-K dependent synthesis of prothrombin and other neces-

sary blood clotting factors, and increase capillary permeability. Consequently, after some 

days of ingestion the animal will incur hemorrhages, which are often lethal. 

 In man nose, gums and subdermal bleedings, hematuria and melena (black feces) may 

occur. Intracranial bleeding with headache and loss of consciousness is possible.  

Diagnosis. A prolonged prothrombin time is a very sensitive measure of effect (and of expo-

sure). 

Therapy: Phytonadione (vitamin K1, orally. No other vitamin K) in doses based on the prolon-

gation of the prothrombin time. Administration during several weeks may be needed. In case 

of active bleeding, plasma or whole blood transfusion may be needed to cover the latency of 

the vitamin-K effect. 

Prevention: the bait should be presented in a tamper-resistant bait station. 

 

1.4 B. Other rodenticides 

Examples. Yellow or white phosphorus, thallium, fluoroacetate, fluoroacetamide, crimidine, 

strychnine; these are not discussed here. 

 

1.5 Miscelaneous pesticides 

Fumigants are used to protect stored agricultural products or to disinfect soil. Examples: the 

highly toxic methyl bromide and carbon tetrachloride; both are not discussed here. 

 

1.6 Selected effects of pesticides 

In this section only an impression can be given. 

1.6 A. Effects on reproduction 

The study and evaluation of reproductive effects has various obstacles, for example the 

many stages in which effects may occur (see Figure 5), the many potential non-pesticide 

causes, and the problematic qualitative and quantitative exposure assessment. 
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Consequently, more than a few studies incorrectly 

suggest adverse effects, while other studies are una-

ble to detect (small) detrimental effects, which incor-

rectly suggests the absence of effects77.  

 A classic example of reproductive toxicity is the 

persistent chlordecone, which was used (until 1993) 

to protect for example tobacco, bananas and citrus. 

Chlordecone impaired spermatogenesis and neuro-

logical functions in highly exposed production plant 

workers, but supposedly not in regularly exposed ag-

ricultural workers. In food exposed mothers an in-

creased risk of prematurity was found. Their babies 

had changes in thyroid related hormones at 3 months 

of age. Their neurological development (fine motor 

function) was delayed at 7 and 18 months of age78. 

 Regarding agricultural pesticide use in general, 

no excess in four relatively frequent congenital mal-

formations was found in a meta-analysis79 comprising 

18 studies selected for expert assessment of expo-

sure. Because individual substances could not be 

evaluated, some effects could have been missed.  

 In a review80 the time to pregnancy, a measure of 

fertility, was found to be prolonged in six studies se-

lected for a more comprehensive (agricultural) exposure assessment than just job title; in 10 

other studies relying only on job titles nearly no effect was found. Altogether, avoiding expo-

sure remains the common recommendation to prevent reproductive effects. 

 

1.6 B. Neurological effects 

Several studies mention neurophysiological or clinical neurological effects. Regrettably no 

suitable review regarding such effects was found. In a meta-analysis, comprising 24 good 

quality studies, it was found that pesticide exposure had a relative risk of Parkinson's disease 

of about 1.7 (95% CI: 1.4-1.9)81. However, a marked publication bias was found: the (12) 

studies with higher precision showed a lower risk (1.4) than those with low precision (2.1). 

The authors likely had no information on specific substances. The same meta-analysis found 

a pesticide risk of 1.4 for amyotrophic lateral sclerosis (ALS) and a risk of 1.5 for Alzheimer’s 

disease (based on 4, respectively 5 studies, again with publication bias). 

 
77 These problems pertain to other, for example neurological, effects of pesticides. 

78 Multigner L et al., 2016. Chlordecone exposure and adverse effects in French West Indies popula-
tions (nih.gov) (accessed 2021-12-24). 

79 Spinder N et al., 2019. Congenital anomalies in the offspring of occupationally exposed mothers: a 

systematic review and meta-analysis of studies using expert assessment for occupational expo-

sures (nih.gov)  (accessed 2021-12-24). 

80 Snijder CA et al., 2012. Occupational exposure to chemical substances and time to pregnancy: a 
systematic review - PubMed (nih.gov) (accessed 2021-12-24). 

81 Gunnarsson LG et al., 2019. Occupational Exposures and Neurodegenerative Diseases—A Sys-
tematic Literature Review and Meta-Analyses (nih.gov) (accessed 2021-12-24). 
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Figure 5. Chemicals may interfere with all 
stages of reproduction. Black letters refer 
to both sexes. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4712216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4712216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6505450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6505450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6505450/
https://pubmed.ncbi.nlm.nih.gov/22431564/
https://pubmed.ncbi.nlm.nih.gov/22431564/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6388365/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6388365/
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1.6 C. Cognitive / Neuropsychological effects.  

A meta-analysis82 comprising 21 cohorts of workers 

with long-term organophosphate exposure in agri-

culture without acute poisoning in the past, showed 

that memory, attention, visuomotor integration, mo-

tor speed, verbal abstraction and perception were 

affected. A more recent review83 reached similar 

conclusions.  

 In conclusion: also the toxic effects on the 

nerve system urge for great caution in the use of 

pesticides. 

 

1.6 D. Carcinogenic effects 

The carcinogenic risk of pesticides in agriculture is difficult to judge for several reasons. 

1. Among the 122 evident carcinogenic agents (IARC) the only pesticides are the obsolete 

arsenic and lindane. Also the number of pesticides considered probable or possible carcino-

genic is limited. However, in view of past developments those numbers will keep rising as 

more study results become available. 

2. A pesticide's carcinogenic potency is reflected in its relative risk (RR, to induce a malig-

nancy) as observed in an epidemiological study. However, for an informative RR the con-

comitant exposure, often in production workers, should be well known. Only then the RR 

might tentatively be extrapolated to an agricultural exposure condition. Note: a RR=5 in a 

study and RR=1.5 in another study may only reflect a higher exposure in the first, instead of 

a different carcinogenic potency. 

3. Pesticide exposure in agriculture, observing over years, can hardly be quantified, espe-

cially if taking absorption into account. Exposure may be occasional but high. So, even if reli-

able and informative carcinogenicity data are available, the actual risk for a worker nearly al-

ways remains obscure. Additional problem is that tobacco smoking, inhaled quartz (dust) and 

diesel combustion products are evident carcinogens (this pertains also to consideration 2) 

4. What to do? Use the IARC list, SDS and toxicity information center to find out if a pesticide 

is carcinogenic. If so replace it or apply ultimate preventive measures, taking into account by-

standers, family, consumers and others who may have contact. 

 

1.7 Susceptible groups, at-risk groups  

The previous section indicates that several, mostly unidentified pesticides potentially have 

reproductive effects in females and maybe also in males. 

 Adolescents likely are more susceptible to organophosphorus and other neurotoxic com-

pounds due to their still developing nerve system. A report84 mentions the practice of 12-20 

(average 16) year old's spraying chlorfenvinfos (organophosphate) on cotton several h/day 

 
82 Ismail AA et al., 2012. Neurobehavioral performance among agricultural workers and pesticide ap-

plicators: a meta-analytic study (nih.gov) (accessed 2021-12-24). 

83 Munoz-Quezada MT et al., 2016.  Chronic exposure to organophosphate (OP) pesticides and neu-
ropsychological functioning in farm workers: a review (nih.gov) (accessed 2021-12-24). 

84 Ismael AA et al., 2017. The impact of repeated organophosphorus pesticide exposure on bi-

omarkers and neurobehavioral outcomes among adolescent pesticide applicators 

(nih.gov) (accessed 202-12-24). 

Figure 6. Cognitive function. The Stroop test 
measures divided attention. In the third phase 
the person has to name the colors of the 
words (red, blue, green, yellow, etc.) as fast 
as possible (Figure is present in numerous 
websites). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969985/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969985/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4894272/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4894272/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648326/
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and several days/week during 2 months, resulting in exposure-related distinct neurobehav-

ioral deficits.  

 Relatively high exposure may occur in the many migrant, temporary and undocumented 

agricultural workers due to the often hazardous type of work performed. The authors of a 

Thai study85 (see Box 2), found that for these groups the following factors play a role: 

■ They are often not protected by laws or by the national Occupational Health and Safety 

Agency; they don't know the rights that they still may have. 

■ They often have to work under the pressure of local farmers, agro-industrial companies or 

contractors. 

■ They do not know the chemical (and other) risks to which they are exposed and they re-

ceive insufficient information, training and personal protection equipment. 

■ Their families can be exposed to pesticides carried home on workers’ clothing or pesti-

cides drifted by air following the spraying of nearby fields. 

■ These workers and their families are less likely to seek medical care when needed, due to 

their insecure legal status, low income and lack of transport. 

 

1.8 Diagnosis 

If a patient presents symptoms suggesting an intoxication, the crucial question is: 'Did you 

recently have contact with chemicals?'. If the answer is yes, the trade name should be 

searched for, preferably by examining the package. The many possible symptoms of pesti-

cide intoxication have been presented in the previous paragraphs. Also, laboratory tech-

niques for confirmation were mentioned, although these are seldom easily available. Excep-

tion is a test for cholinesterase activity in blood, which should be at hand, see section 1.1 B 

on organophosphates and carbamates. Of course this test also can be used in suspected 

cases to indicate non-involvement of these substances. 

 

1.9 First aid at pesticide poisoning incident 

The sequence of actions should be adapted to the severity of the patient's condition and to 

the facilities available. Beware of mixed exposures as they may cause unexpected combina-

tions of symptoms. 

1. Call the local medical emergency phone number if the person is unconscious, having 

trouble breathing or having convulsions. 

2. Collect information on the patient's exposure: substances, labels, containers; estimated 

amount; entry route: skin / inhalation / ingestion; time: start, finish.  

 
85 Thetkathuek A et al., 2017. Factors that contribute to insecticide poisoning among immigrant agri-

cultural workers in Thailand (nih.gov) (accessed 2021-12-24). 

The Thai study by Thetkathuek et al. Box 2 
This study comprised 891 immigrant workers from countries bordering Thailand. Their mean age 
was 30 yrs, 42% were females, 55% had no formal education. All workers were involved in insecti-
cide spraying (41% 2x/week, 47% 1x/week) using organophosphates only (73%) or combined with 
carbamates and pyrethroids (27%). The duration of spraying was 4-5 h/day for 42% and 1-3 h/day 
for 36%. Concerning PPE, boots were used by 68%, gloves by 57%, face masks by 43%, all three 
by only 24%. The knowledge of appropriate pesticide usage was scored as moderate (46%) or low 
(36%). These and other work characteristics were related to the frequently occurring symptoms of 
several organs and to cholinesterase activity, which was classified as 'at-risk' for 59% and 'unsafe' 
(ChE lower than at-risk) for 17%. The authors recommended to upgrade the health monitoring of 
migrant workers to the same level as that of native workers. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6060840/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6060840/
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3 Call the Poison Control Center or use information on package or in SDS (= Safety Data 

Sheet) for information on first aid, potential effects and therapeutic measures.  

4. Decontamination; when a highly toxic substance is expected, the helpers should protect 

themselves using gloves etc. Remove clothing and wash the skin; flush eyes, if indi-

cated.  

5. Clear airway, intubate if ventilatory support is needed. 

6. In case of ChE inhibitor: administer atropine; it counteracts most parasympathetic effects 

and sweating. Proceed until full atropinisation.  

7. Obtain urine / blood sample, if feasible. 

8. If less than 1 hour before a large amount was ingested and no hydrocarbon* or corro-

sive was involved, consider inducing vomiting (patient should be conscious) or apply 

gastric lavage; for gastric lavage intubate if unconscious.  

  * Aspiration of hydrocarbon (solvent) may cause pulmonary edema and insufficient 

     oxygenation. 

9. If less than 1 hour before a 'small' amount was ingested, consider administering absor-

bents: give the patient a drink comprising three tablespoonfuls of activated charcoal in 

half a glass of water. Repeat if possible. 

10. If seizures, administer suitable benzodiazepine. 

 Consider specific antidote, if applicable. 

11. At due moment: evaluate the work conditions that contributed to the incident; report inci-

dent to the authorities. 

 

1.10 Prevention  

The description follows the sequence of 

steps in pesticide use. The execution is to 

be adapted to priorities, opportunities and 

one's position, self-employed, manager or 

employee. 

1. Inform oneself, before a pest appears, at 

a governmental consultancy (or profess-

sional association) on pest management 

related to crops as scheduled or to ani-

mals concerned. This will also prevent the 

use of prohibited pesticides and prac-

tices. Combination of good care for crops 

and animals, and early pest detection systems will reduce the amount of pesticide 

needed: 'Integrated Pest Management' (IPM). 

2. If pest-related damage is suspected or observed, consultation with neighbors may help to 

state the right diagnosis of plague agent and to apply a joint treatment. 

3. Buy the suitable pesticide with lowest human toxicity. Be aware that a seller while advising 

may have profit considerations as well. Study the label and/or the SDS for the safe han-

dling of the product and the type of respirator needed. In general, do not mix pesticides. 

4. Pregnant workers should not perform spraying or otherwise be exposed to pesticides. 

Workers with skin disease should avoid it or apply strict protection. 

5. Have and use a safe, locked storage protected from sunlight that is only accessible for 

those authorized. Keep pesticides in their original containers, not in bottles used for food  

'Green' farming 

A farmer should consider 'natural / organic / eco-
logical / sustainable farming', which implies mini-
mal or no use of pesticides. The principle of 
these systems is minimizing external, artificial in-
puts and instead  using resources available in 
the local ecosystem. The goal is to make farm-
ing sustainable and environment-friendly and to 
reduce chemical risks to the workers' health.  

Save and Grow in practice: maize, rice, wheat - 3. 
Farming systems that save and grow (fao.org) (ac-
cessed 2021-12-24) 

East-West Seed Knowledge Transfer - YouTube Sev-
eral videos (in many languages) for farmers (ac-
cessed 2022-09-28) 

https://www.fao.org/ag/save-and-grow/MRW/en/3/index.html
https://www.fao.org/ag/save-and-grow/MRW/en/3/index.html
https://www.youtube.com/c/EastWestSeedKnowledgeTransfer/videos
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 or drink (children like lemonade!). Have the instruc-

tions for use close by. Empty containers should be 

rinsed and disposed of according to directions or re-

turned to the seller86. 

6. Have washing facility prepared and a clean place for 

a break. Be prepared for a 'calamity', for example a 

spill over one's clothes or a misdirected spray onto 

the skin. 

7. Spraying apparatus: be familiar with its properties, 

check for leaks. A back-sprayer may leak due to a 

worn piston, which often can be easily replaced. 

8. Have suitable, clean PPE suitable for the substance 

and application. A fact sheet87 discusses relevant aspects; likely the conclusion is that an 

air purifying mask with an organic vapor and/or N95 cartridge often suffices. A guide88 

discusses the choice of gloves, taking them off safely, etc. 

 9. Calculate the amounts of substances / fluids needed. Execute the mixing, dilution and 

loading (the most hazardous operations) in a safe place without lay attendants; prevent 

toppling of containers.  

 10. Perform safe application, take wind direction into 

account, don't spray in strong wind, send away at-

tendants and other workers, spray sideways, 

watch for leaks. 

11. Observe the prescribed / safe re-entry time. Have 

warning posts in view of visitors and  workers. 

12. Finish the application in a hygienic way: handle un-

used pesticide and clean applicators according to 

instructions, clean or wash PPE (clothes separate 

from other clothes), wash hands or take a shower. 

13. Medical monitoring. Consider cholinesterase activ-

ity in blood, see section 1.1 B. 

14. Arrange training. 

 

 The following sections discuss non-pesticide chemicals 

that may be used on the farm. 

2 Veterinary medicines 

A great variety of veterinary medicines89 is in use. Anti-

biotics to treat animal disease are often administered by 

syringe, which may result in accidental needle stick in-

jury. Amounts of medicines for large size animals need 

to be high compared to the human dosage and higher 

 
86 More in information sheet: https://www.hse.gov.uk/pubns/ais16.pdf (accessed 2021-12-24). 

87 'Pesticide use and your personal protective equipment (PPE)'. https://nasdonline.org/static_con-
tent/documents/7314/d002518.pdf (accessed 2022-05-14).  

88 Gloves for Handling Pesticides (unl.edu) (accessed 2021-09-11). 

89 Main sources for this section: https://www.hse.gov.uk/pubns/as31.pdf and NASD - Safe Use of 

Livestock Medications (nasdonline.org) (both accessed 2020-03-16). 

Figure 7. Pesticide storage cabinet 
(https://pesticidesteward-
ship.org/home-owner/store-pesticides-
safely/, accessed 2021-12-24). 

Figure 8. Warning post after pesticide 
application (Pruitt chooses not to ban 
pesticide after scientists find neurotoxi-
city | Ars Technica, accessed 2022-11-
07) 
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https://www.hse.gov.uk/pubns/ais16.pdf
https://nasdonline.org/static_content/documents/7314/d002518.pdf
https://nasdonline.org/static_content/documents/7314/d002518.pdf
https://extensionpublications.unl.edu/assets/pdf/g1961.pdf
https://www.hse.gov.uk/pubns/as31.pdf
https://nasdonline.org/1699/d001711/safe-use-of-livestock-medications.html
https://nasdonline.org/1699/d001711/safe-use-of-livestock-medications.html
https://pesticidestewardship.org/home-owner/store-pesticides-safely/
https://pesticidestewardship.org/home-owner/store-pesticides-safely/
https://pesticidestewardship.org/home-owner/store-pesticides-safely/
https://arstechnica.com/science/2017/03/epa-head-defies-scientists-recommendation-to-ban-harmful-pesticide/
https://arstechnica.com/science/2017/03/epa-head-defies-scientists-recommendation-to-ban-harmful-pesticide/
https://arstechnica.com/science/2017/03/epa-head-defies-scientists-recommendation-to-ban-harmful-pesticide/
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concentrations are used. Both may result in overdosing in humans. Some animal medicines 

have toxic effects specifically in humans (see the case). Adverse effects, for example inflam-

mation, can also be due to the adjuvants (e.g. irritant mineral oil) in the medicine preparation. 

The adverse effects of a needle stick injury may be enlarged by the re-use of a needle for 

several animals, resulting in its contamination by all sorts of microorganisms. 

Another application is the use of medicines as feed additive, which may result in skin contact 

and inhalation during the mixing process. In the EU the non-therapeutic use of antibiotics, 

hormones and growth-promotants is not allowed90. In the following, the effects in humans are 

briefly mentioned91.  

2.1 Biologicals 

These products, meant to enhance immunity, comprise four categories. 

Antisera. Contain antibodies for passive immunization. Disease risk for humans is low; aller-

gic reaction may occur. 

Vaccines. Infection occurs if the attenuation of live bacteria or viruses is sufficient for animals 

but insufficient for humans. In addition, an 'anamnestic' inflammatory reaction may occur, if 

the patient has developed antibodies against the organism in the past. 

Toxoids and antitoxins. Inactivated toxins respectively antibodies against toxins are not infec-

tious but serious inflammation may occur. 

2.2 Antibiotics 

Are not only used in disease therapy but also as growth promotants. Dermal contact and in-

halation may result in allergic dermatitis and/or asthma. Development of bacterial resistance 

is a worldwide problem (Chapter 6.6). A farm dweller with an infection caused by resistant 

(farm) bacteria, who is treated in a hospital with a regular antibiotic, may get more ill than be-

fore: the antibiotic kills the non-pathogenic bacteria that until then limited the growth of the 

(resistant) pathogenic ones. When an agricultural worker with an infection consults a medic,   

the latter should ask for use of antibiotics on the farm. If that is the case, first the bacteria in-

volved in the infection should be cultured and sensitivity determined, before antibiotics are 

administered to the patient. 

 
90 Hormones in meat (europa.eu) (accessed 2022-05-06). 

91 For data sheets on veterinary medicines: National Office of Animal Health (UK): NOAH Compen-
dium | Home (accessed 2021-12-27). 

Case: Needle stick injury 
A 38-year-old self-employed cattleman had filled a 12cc needle-supplied plastic disposable sy-
ringe with Micotil®, a bovine antibiotic to vaccinate a cow. He carried it in his right hand, when 
another cow that was in an adjacent pen charged at him, striking the fence between the two. 
The man was knocked down to the ground. Either when struck or from the fall, he was injected 
with an unknown amount of the antibiotic. He immediately began to feel dizzy and nauseous, 
returned to the “vet room” inside the barn and called his wife, who was nearby in the house. An 
ambulance was called and the victim was rushed to a nearby hospital where he died less than 
an hour later.  
Recommendations: 1. Use less hazardous antibiotic: Micotil is cardiotoxic to humans. 2. Prac-
tice safe handling procedures with syringe-loaded medications.  

NASD - Safe Use of Livestock Medications (nasdonline.org) (accessed 2020-03-16) 

https://ec.europa.eu/food/safety/chemical-safety/hormones-meat_en
https://www.noahcompendium.co.uk/
https://www.noahcompendium.co.uk/
https://nasdonline.org/1699/d001711/safe-use-of-livestock-medications.html
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2.3 Other medicines 

Hormones can increase the animal's weight gain, feed efficiency and meat quality. Examples 

are estrogens, progesterones and growth hormone. Other veterinary medicines are anthel-

mintics and ectoparasiticides; the latter are used in 'sheep dipping' (Figure 9), which may be 

a hazardous operation92. 

2.4 Prevention 

1. Be informed of official regulations, insti-

tutes and veterinarian for consultation. Is 

'your' medicine allowed for the intended 

use. Have emergency telephone num-

bers available.  

2. Is it necessary to treat at all? 

3. Purchase drugs only as needed; choose 

the least hazardous alternative.  

4. Store all livestock medical supplies in a 

locked cabinet, away from food and chil-

dren.  

5. Follow the product instructions. Ade-

quately restrain the animal. 

6. Be careful not to stick yourself or anyone else when using a needle. Recapping used 

sharps is risky. Seek medical attention if stuck by a used needle, bringing product infor-

mation and/or Safety Data Sheet. Especially in case of injection with mineral-oil-based 

vaccines immediate action is required93. 

7. Be aware that you may acquire a zoonosis from the animal being treated. 

8. Don't reuse medical supplies; it may spread disease.  

9. Wash hands with hot water and a disinfectant when finished with health tasks.  

10. Discard used needles and syringes in an approved method (sturdy container). Check for 

all waste with local waste disposal management.  

11. Observe the withdrawal periods94 specified for food-producing animals. 

 
3 Disinfectants  

Practically all disinfectants95 are water-soluble, crystalline substances. As powder or in high 

concentration they irritate mucous membranes. Contact occurs by dissolving of powder, 

splashing of fluid on the skin or in the eyes during application with floor wiper or brush. 

Spraying may result in inhalation of spray mist. All are used for agricultural surfaces, drinking 

and feeding troughs in stables, means of transportation, boots etc.  

Note that disinfection of any surface can only be effective if it has been cleaned before. 

Examples of disinfectants:  

 
92 For Sheep dip: https://www.hse.gov.uk/pubns/ais41.pdf (accessed 2020-03-15). 

93 https://www.farmerhealth.org.au/wp-content/uploads/2019/07/20190717-Farmer-Needlestick-Inju-
ries-Risk-and-Recommended-Treatment.pdf (accessed 2020-03-19). 

94 Time period after treatment during which no animal products may be used for food. 

95 Further information: Disinfection Selection and Use - Healthy Farms Healthy Agriculture and Mi-
crosoft Word - Disinfection 101 2008_05.doc (iastate.edu) (both accessed 2021-12-26). 

Figure 9. Traditional sheep dipping 
(https://www.youtube.com/watch?v=9YtAytPbbyA,  
accessed 2021-09-23). 

https://www.hse.gov.uk/pubns/ais41.pdf
https://www.farmerhealth.org.au/wp-content/uploads/2019/07/20190717-Farmer-Needlestick-Injuries-Risk-and-Recommended-Treatment.pdf
https://www.farmerhealth.org.au/wp-content/uploads/2019/07/20190717-Farmer-Needlestick-Injuries-Risk-and-Recommended-Treatment.pdf
https://www.healthyagriculture.org/prevent/sanitation/disinfection-selection-use/
https://www.cfsph.iastate.edu/Disinfection/Assets/Disinfection101.pdf
https://www.cfsph.iastate.edu/Disinfection/Assets/Disinfection101.pdf
https://www.youtube.com/watch?v=9YtAytPbbyA
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■ Chlorhexidine (Hibitane®), sold and applied as 1-4% solution, also used for disinfection of 

medical instruments, skin of patients and health care providers, wounds, and for mastitis 

control of dairy herds. 

■ Chloramine-T (Halamid®)96, sold as crystalline powder which is highly irritating to mucous 

membranes. It can cause methemoglobinemia (see section 4). Applied as 1% solution. 

■ Other disinfectants: for example Virkon-S™ 97, sold as powder, applied as 0.5-1% solu-

tion. Further the quaternary ammonium compounds, which may induce as well asthma of 

the allergic type, an effect that is also suspected for other disinfectants98.  

  

4 Fertilizers  

Inorganic fertilizers are mostly sold as granules. As such they have insignificant health haz-

ard. However, a small part of the material is present as powder which may cause irritation of 

eyes, respiratory tract and skin.  

 Nitrates, for example sodium- or calcium 

nitrate, may be ingested and induce (after con-

version to nitrite) methemoglobinemia: the iron 

molecule in haemoglobin is oxidized, prohibit-

ing the normal oxygen trans-port. Symptoms 

(cyanosis, weakness, etc) appear at met-Hb 

>10%. To attain this level, an intake of about 1 

gram is estimated. Methylene blue is used for 

therapy99. In addition, potas-sium nitrate and 

especially ammonium nitrate are, strong oxidiz-

ers which accelerate burning. They may ex-

plode in contact with combustible materials 

(wood, paper, clothing, oil) or when heated or 

shocked. Other fertilizers are potassium chloride, mono- and di-ammonium phosphate, di- 

and mono-calcium phosphate ('superphosphates') and urea.  

 Fertilizers should be stored in a cool, dry area, away from combustible, organic or other 

readily oxidizable materials. 

 

5 Other chemicals 

5.1 Nicotine 
Extracted from the tobacco plant leaves, nicotine was used as an insecticide for decades. At 

present incidental exposure  from old remnants may occur. Still a worldwide problem is the 

manual harvesting of wet green tobacco leaves, as it easily results in 'green tobacco sick-

ness' due to substantial skin absorption of nicotine, especially in hot environment. The symp-

toms resemble those of anti-ChE insecticides: nausea, vomiting, pallor, dizziness, headache, 

perspiration, abdominal pain, diarrhea, salivation, weakness, prostration, bronchoconstric-

 
96 Sodium-p-toluenesulphonchloramide  

97 Pentapotassium bis(peroxymonosulphate) bis(sulphate), an oxidizing agent. 

98 Van denPlas O. Asthma related to cleaning agents: a clinical insight - PubMed (nih.gov) (accessed 
2022-06-15). 

99 Methemoglobinemia Treatment & Management: Approach Considerations, Initial Management, 
Pharmacologic Therapy, Exchange Transfusion, and Hyperbaric Oxygen (medscape.com) (ac-
cessed 2022-11-24). 

Figure 10. Ammonium nitrate fertilizer; explosion 
hazard not indicated (AN (Ammonium Nitrate) Top 
Dressing - ZFC Limited Online Store (zfc-
store.com), accessed 2022-04-07). 

https://pubmed.ncbi.nlm.nih.gov/24056489/
https://emedicine.medscape.com/article/204178-treatment#:~:text=Methylene%20blue%20is%20the%20primary,saline%20over%203%2D5%20minutes.
https://emedicine.medscape.com/article/204178-treatment#:~:text=Methylene%20blue%20is%20the%20primary,saline%20over%203%2D5%20minutes.
https://zfcstore.com/product/porto-transparent-images/
https://zfcstore.com/product/porto-transparent-images/
https://zfcstore.com/product/porto-transparent-images/
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tion, and occasional lowering of blood pressure100; bradycardia and miosis seem to occur sel-

dom. Similar symptoms occur in heat exhaustion and in anti-ChE insecticide exposure, which 

however is unlikely shortly before harvesting. The pre-valence in harvesters was found 8 to 

47% globally101. Water-resistant ('rain') clothing, gloves and boots should be used for preven- 

tion. In severe poisoning atropine is indicated. 

5.2 Manure gases 
These gases are produced by chemical reactions in manure / -

urine mixtures, for instance in the basement of stables in 

which these materials are retained. Exposure occurs when the 

mixture is agitated or removed. The gases contain hydrogen 

sulphide, notorious for its quick reduction of perception by 

smell (!), ammonia, methane, sometimes also hydrogen cya-

nide. These mixtures are acutely toxic, tend to replace oxygen 

and may be explosive. See also Chapter 10.1. For entering 

such places consider a breathing apparatus (Chapter 11.2).  

5.3 Silo gases 
Silo gases are formed by the natural fermentation of chopped 

silage shortly after it is placed in the silo. In a sealed silo, next 

to a small amount of nitrogen oxide gases, a great amount of 

the quite harmless carbon dioxide is created, which however 

replaces the silo's oxygen. Sealed silos should be constructed 

in such a way that entering them is unnecessary. In conventional open-top silos, during the 

first two weeks primarily the highly toxic nitrogen dioxide (NO2) is produced. In high concen-

tration it has a strong bleach-like odor and yellow-brown fumes, which cause severe irritation 

to the nose and airways. But even in quite unnoticed concentration it may lead to inflamma-

tion and fatal fluid collection (edema) in the lungs. As both gases are heavier than air, they 

collect in low lying areas near the base of the silo, posing a threat to livestock. For entering 

such places consider a breathing apparatus (Chapter 11.2). Exposure should be prevented 

by good ventilation around the silo, when the silage is fermenting. NO2 can also be present in 

silos containing moldy grain. 

5.4 Diesel fumes 
Important diesel exhaust emissions102 are carbon aerosol, polycyclic aromatic hydrocarbons 

(in combination: soot), carbon monoxide, aldehydes, oxides of nitrogen, and oxides of sul-

phur. Among the factors determining the composition of the fume are the quality of the fuel, 

type and state of the engine and the workload demand. If blue or black smoke is produced, 

prompt action is needed to correct the problem. The fumes and smoke irritate eyes and air-

ways, which can lead to coughing and tightness on the chest. Moreover, they add to the risk 

of lung and bladder cancer (IARC, 2012103) and myocardial infarction. As far as the exposure 

is only incidental, like often in agriculture, the life-long additional risk is likely to be low. 

5.5 Field burning smoke  
Post-harvest stubble burning (Figure 12) is applied to many millions of tons of harvest waste 

 
100 The neuromuscular synapse and autonomic ganglia are stimulated 

101  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868082/ (accessed 2020-03-18) 

102 https://www.hse.gov.uk/pubns/priced/hsg187.pdf (accessed 2020-03-19) 

103 IARC Publications Website - Diesel and Gasoline Engine Exhausts and Some Nitroarenes page 
467 (accessed 2021-12-27) 

Figure 11. Poster warning for 
manure gases (https://news-
room.-unl.edu/announce/beef-
/5891/-33480, accessed 2020-
09-23). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868082/
https://www.hse.gov.uk/pubns/priced/hsg187.pdf
https://publications.iarc.fr/129
https://newsroom.-unl.edu/announce/beef-/5891/-33480
https://newsroom.-unl.edu/announce/beef-/5891/-33480
https://newsroom.-unl.edu/announce/beef-/5891/-33480
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 in order to prepare the land for the next crop. Causing 

intense widespread air pollution, it is prohibited in 

many countries. Alternatives are composting or shred-

ding the residues and spreading them across the field 

('mulching'). Other example: sugar cane burning to fa-

cilitate harvesting the stems. 

 

Class on Pesticides and other chemicals 

Review first-aid measures for pesticide intoxication and po-

tential reproductive toxicity in a worker. 

 

Further information on general toxicology 

1. CDC, Control and Prevention: Emergencies with chemicals. https://emergency.cdc.-
gov/agent/agentlistchem.asp (accessed 2020-03-12). 

2. ATSDR, Agency for Toxic Substances and Disease Registry (USA): https://www.atsdr.cdc.gov/ (ac-
cessed 2020-03-12). 

3. International Chemical Safety Cards (ICSC). ILO. https://www.ilo.org/safework/info/publica-
tions/WCMS_113134/lang--en/index.htm (accessed 2020-03-12). Standard sentences on acute 
health hazards, prevention, technical properties, first aid, etc.; little information on long-term effects.  

4. PubChem: https://pubchem.ncbi.nlm.nih.gov/ also on toxicity and hazards. Available in many lan-
guages (accessed 2020-03-19). 

5. (Material) Safety Data Sheets: search the Internet: 'SDS (or MSDS) + <name of product>'. 

6.  IARC, International Agency for Research on Cancer. Evaluation of cancer risk by more than 1000 
agents. https://monographs.iarc.fr/list-of-classifications (accessed 2020-03-12). 

Further information on pesticides and agricultural chemicals 

1.  National Pesticide Information Center. Very practicable, with valuable links, includes information on 
pests; also for non-occupational users. http://npic.orst.edu/ (accessed 2020-04-17). 

2. EPA, Recognition and management of pesticide poisoning. 2013 Complete book, downloadable. 
https://www.epa.gov/sites/production/files/2015-01/documents/rmpp_6thed_final_lowresopt.pdf 
(accessed 2019-06-06).  

3. Medline Plus (Nat. Library of Medicine). Sort of portal for many aspects of pesticides. https://med-
lineplus.gov/pesticides.html (accessed 2020-03-12). 

4. Pesticide Action Network International. Intends to replace the use of hazardous pesticides with 

ecologically sound and socially just alternatives. http://pan-international.org/ (accessed 2020-04-17). 

5. Manual de diagnóstico tratamiento y prevención de intoxicaciones agudas por plaguicidas. Bolivia, 
2008. http://plaguicidas-y-alternativas.org/sites/default/files/p/654/f-262-
manual_de_diagnostico_tratamiento_y_prevencion.pdf (accessed 2020-05-13). 

6. Maden E van der and Koomen I. Wageningen University, 2016. Useful brief course, elements can 
be used to inform agricultural workers 395927 (wur.nl) (accessed 2021-12-26)  

7. WHO-UNEP, 2006. Sound management of pesticides. Partly structured as course. 
https://www.who.int/ipcs/assessment/public_health/SoundManagementPesticides_Resource-
Tool.pdf?ua=1 (accessed 2021-12-26) 

8.  Pesticide Environmental Stewardship Pesticide Environmental Stewardship – Promoting Proper 
Pesticide Use and Handling (pesticidestewardship.org) (accessed 2021-12-26). 

 
Information for agricultural workers 

1. Crop Protection Part 1 – How To Monitor - YouTube  First of a series of 7 videos on crop protection 
(accessed 2022-09-28) 

2. See Information on pesticides no 6 

Figure 12. Stubble burning, India (File:-
NP India burning 48 (6315309342).jpg - 
Wikimedia Commons mrjohncummings, 
CC BY-SA 2.0, accessed 2021-11-16). 

https://emergency.cdc.-gov/agent/agentlistchem.asp
https://emergency.cdc.-gov/agent/agentlistchem.asp
https://www.atsdr.cdc.gov/index.html
https://www.atsdr.cdc.gov/
https://www.ilo.org/safework/info/publica-tions/WCMS_113134/lang--en/index.htm
https://www.ilo.org/safework/info/publica-tions/WCMS_113134/lang--en/index.htm
https://pubchem.ncbi.nlm.nih.gov/
https://monographs.iarc.fr/list-of-classifications
http://npic.orst.edu/
https://www.epa.gov/sites/production/files/2015-01/documents/rmpp_6thed_final_lowresopt.pdf
https://medlineplus.gov/pesticides.html
https://medlineplus.gov/pesticides.html
http://pan-international.org/
http://plaguicidas-y-alternativas.org/sites/default/files/p/654/f-262-manual_de_diagnostico_tratamiento_y_prevencion.pdf
http://plaguicidas-y-alternativas.org/sites/default/files/p/654/f-262-manual_de_diagnostico_tratamiento_y_prevencion.pdf
https://edepot.wur.nl/395927
https://www.who.int/ipcs/assessment/public_health/SoundManagementPesticides_ResourceTool.pdf?ua=1
https://www.who.int/ipcs/assessment/public_health/SoundManagementPesticides_ResourceTool.pdf?ua=1
https://pesticidestewardship.org/
https://pesticidestewardship.org/
https://www.youtube.com/watch?v=_0x2ARiiGU8
https://commons.wikimedia.org/wiki/File:NP_India_burning_48_(6315309342).jpg
https://commons.wikimedia.org/wiki/File:NP_India_burning_48_(6315309342).jpg
https://commons.wikimedia.org/wiki/File:NP_India_burning_48_(6315309342).jpg
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Annex 8.1  General aspects of chemical exposure 

 
Toxicology, in brief, is the science of the adverse effects of chemicals on living organisms.  

1. A few concepts (note: Figures 1 and 2). 

Absorption (and resorption): process by which the chemical passes a (biological) membrane 

and thus enters the body. In occupational exposure, inhalation and skin permeation are the 

more important routes (compared to ingestion).  

Acute effect: effect of fast increasing intensity, mostly appearing within minutes or hours after 

the start of exposure. Examples: bronchial irritation, potentially with lung edema, due to nitro-

gen dioxide gas (may be present in grain bins); stomach cramps, sweating, pinpoint pupils 

due to clothes soaked with parathion insecticide. A commonly used parameter for acute tox-

icity is the oral LD50 (see under L).  

'Acute exposure': exposure during a few minutes or hours; used in the context of acute ef-

fects. (preferred expression should be: 'brief, high exposure'). 

Biological Limit Value: maximum allowable value of a biological parameter or an external 

substance in a part of the body. The legal status depends on the establishing authority.  

Biological sampling: measuring the amount of agent, or the size of effect in biological mate-

rial (urine, blood, hair) of a person. Results are usually a good measure of the risk to health. 

Example: cholinesterase activity in blood of workers exposed to organophosphorus pesti-

cides. See also Environmental Sampling and Personal Sampling. 

Carcinogenicity. IARC classifies substances (and processes) in 4 groups: 

Group  1:  Sufficient evidence of carcinogenicity in humans (this book: 'evident carcinogen'), 

Group 2A: Probably carcinogenic to humans, 

Group 2B: Possibly carcinogenic to humans, 

Group  3:  Not classifiable as to its carcinogenicity to humans. 

An evaluation in Group 3 is not a determination of non-carcinogenicity. It often means 

that the agent is of unknown carcinogenic potential and that there are significant gaps in 

research.104 

In this book, by 'carcinogen' etc. (without specification) is always meant 'human carcinogen'. 

CAS Registry Number (or CAS-RN): a unique number assigned by the Chemical Abstract 

Service (USA) to every chemical. It is easily found by Internet search engines. Often used as 

ordering principle in a list of substances, for example the IARC list. 

Chronic effect: effect of an intensity that slowly (or not) decreases during months or more, 

usually appearing during/after long-term exposure. Example: carcinogenicity, many neurolog-

ical effects (peripheral neuropathy, Parkinson's disease), COPD. Sometimes it appears after 

brief exposure, example: neuropathy due to specific organophosphate pesticides, obliterating 

bronchiolitis due to a high concentration of nitrogen dioxide.  

 Related: Chronic toxicity: the potency of a chemical to induce a chronic effect. 

Chronic exposure: exposure during months or longer. (Preferred expression: 'long-term ex-

posure').  

Environmental sampling: measuring the concentration of an agent in air, soil, water, etc., or 

on surfaces. This can be useful to evaluate the emission from a source, and it may be a 

 
104 Preamble-2019.pdf (who.int) (accessed 2021-12-27). 

https://monographs.iarc.who.int/wp-content/uploads/2019/07/Preamble-2019.pdf
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rough indication of the exposure (and risk to health) of a person, if the extent of contact is 

known. See also Biological Sampling and Personal Sampling. 

Exposure standard: (often) maximum allowable exposure, an intensity, for example concen-

tration, specified by duration. The legal status depends on the establishing authority. Exam-

ples: Public Exposure Limit (PEL, established by OSHA-USA), Threshold Limit Value (TLV, 

established by ACGIH). See also Biological Limit Value.  

Half-life: the time (duration) for an amount (substance, radioactive isotope, etc.) needed to 

decrease by half. Applicable for processes with exponential decay (or resembling those). 

LD50, 'Lethal dose 50' = the (single) oral dose of chemical that kills 50% of an experimental 

animal population. Measure of acute toxicity. WHO classifies a substance as highly toxic 

('Class I') if LD50 <50 mg/kg bodyweight. LC50 refers to inhalatory exposure. 

Limit values for occupational exposure to chemicals in air are useful for a practitioner to 

judge some work conditions including the need of using a respirator. Limit values are pro-

duced by several, mostly governmental, organizations (for abbreviations, see the list). 

 NIOSH105  REL = Recommended exposure limit for 10 hour workday 

  REL-STEL  = REL-short term exposure limit 15 min. (default duration) 

  REL-C = REL-ceiling value Not to be exceeded 

  IDLH* = Immediately Dangerous to Life or Health 

 OSHA  PEL   = Permissible exposure limit for 8 hour workday 

  PEL-STEL = PEL-short term exposure limit 15 min. (default duration) 

  PEL-C = PEL-ceiling value Not to be exceeded 

ACGIH TLV = Threshold Limit Value (regrettably the information is priced) 

Contrary to NIOSH limits recommended to OSHA, OSHA's permissible limits have a legal 

status and are obligatory. When the actual concentration surpasses these values, such is a 

firm argument for hygienic measures (Chapter 2) of which personal protection, including 

respirator use, has the last, but sometimes inevitable place.  

* Above the IDLH value, a breathing apparatus, which uses fresh air, is considered neces-

sary. 

Local effect: (toxic) effect at the site where the chemical contacts the organism, for example 

skin, nose, eye, bronchus, lung. See Figure 1; see also Systemic effect. 

Monitoring: repetitive sampling with informative time intervals (not 'replication'). Also used as 

embellished replacement of 'sampling'. 

MSDS = Material Safety Data Sheet: slightly obsolete name for → SDS = Safety Data Sheet. 

NOAEL = No-observed adverse effect level: the highest exposure level at which there are* 

no adverse effects in an organism (EPA). Basis for derivation of acceptable exposure levels. 

* better description: '… which a multilevel study indicates the absence of an adverse …'  

Personal sampling: measuring the concentration of an agent in contact with a person: in in-

haled air, on the skin, in water or food actually used for drinking or eating. The results are a 

feasible measure of exposure and risk to health, if additional parameters are known: the du-

ration of contact, the consumption, or total amount deposited. Example: the amount of 

 
105 Contains also the OSHA values, ACGIH values not freely available. NIOSH Pocket Guide 

to Chemical Hazards (2005-149) 3rd printing (cdc.gov) (accessed 2022-11-25). 

 

https://www.cdc.gov/niosh/docs/2005-149/pdfs/2005-149.pdf
https://www.cdc.gov/niosh/docs/2005-149/pdfs/2005-149.pdf
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pesticide deposited on sampling patches attached to the skin during spraying. See also Bio-

logical Sampling  and Environmental Sampling. 

Poison: Famous Paracelsus (1493-1541) correctly noticed: 'All substances are poisonous, 

only the dose matters'. In practice: substances having an adverse effect on an organism in 

small amount. 

ppm = parts per million: measure of concentration, for gas in air: cm3/m3.  

Conversion to alternative measure (mg/m3): 1ppm = M/23 mg/m3 ,  M = molecular weight. 

SDS = Safety Data Sheet. Standardized form with 16 sections listing the properties and the 

handling of chemicals and chemical products in an occupational setting. It contains for exam-

ple the producer, emergency telephone number, hazards, composition, first aid measures, 

firefighting, storage, personal protection, chemical, toxicological, ecological and regulatory 

information. The format may slightly differ between countries106.  

Stockholm Convention; on persistent organic pollutants (2001). The conclusions are adopted 

by about 200 states: elimination of specified persistent substances These are aldrin, chlor-

dane, chlordecone, dicofol, dieldrin, endrin, heptachlor, hexachlorobenzene, α- and β-

hexachlorocyclohexane, lindane, mirex, pentachlorobenzene, technical endosufan, toxa-

phene. Limited use was allowed for DDT (malaria control), lindane (head lice and scabies in 

humans) and pentachlorophenol (poles and connected cross-arms).  

Systemic effect: (toxic) effect at a site in an organism that is reached by a chemical after 

transportation by the blood. Example: harm to internal organs that have no direct connection 

with environment (liver, joints, adrenals, etc.), slowing down of cognitive functions in brain, 

reduction of erythrocyte formation in bone marrow. 

Toxicity: the potency of (a certain amount of) a chemical to harm an organism after absorp-

tion (contact). 

2. Toxicokinetics 

Toxicokinetics is the total of pro-

cesses that a toxic chemical under-

goes by an organism. This is to be 

discerned from the (toxic) effects 

exerted by the chemical on the or-

ganism. Figure 1 schematically 

presents a person (organism) with 

the organs that are important for 

the (toxico-)kinetics. Important stor-

age sites are fatty tissue, liver and 

bones. Effect sites can be any or-

gan or tissue in the body. 

 The kinetic processes are in 

blue, broad arrows indicate absorp-

tion (black) or excretion (white). 

Tall arrows indicate (other) poten-

tial transportation of the chemical. 

Note that the blood (compartment) 

functions as the central 'organ' for the distribution of the chemical. 

 
106 https://www.osha.gov/Publications/OSHA3514.html (accessed 2020-06-06). 

Figure 1. Important toxicokinetic processes in the body. 

https://en.wikipedia.org/wiki/%CE%91-Hexachlorocyclohexane
https://en.wikipedia.org/wiki/%CE%92-Hexachlorocyclohexane
https://www.osha.gov/Publications/OSHA3514.html
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3. Exposure-effect relationship 

This intends to represent the quantitative relationship between exposure (intensity, duration) 

and an effect. The effect can be expressed as: 

■ the extent of disturbance of a function, for example anemia, enzyme inhibition, anxiety, 

■ the percentage of individuals affected by a certain effect size, for example >50% ChE inhi-

bition, cancer, a birth defect.  

  

One needs to know this relationship 

(Figure 2) to judge the risk of an expo-

sure and the necessity of protective 

measures. It also shows that very 

small exposures, i.e. below the 'thresh-

old', have no effect (blue line). This is 

thanks to the (kinetic) protection mech-

anisms excretion and detoxification 

and/or thanks to compensatory mecha-

nisms. This threshold approach is con-

sidered to be not applicable to (most) 

carcinogenic and mutagenic effects. 

For the carcinogens and mutagens 

even the least exposure is considered 

to increase the risk, however small it is 

(red line107)  

 
107 the lower left part of both lines is stippled because very small effects, and absence of effects, in 

principle cannot be measured with certainty. 

Figure 2. Concept of exposure-effect relationships. 



 Chapter 9   Physical factors 
  

 
98 

9 Physical Factors  
 

In principle exposure to physical factors can precisely be meas-

ured. However the exposure often varies substantially during a 

workday. Consequently the problem is how to characterize it in a 

simple manner that indicates the risk to health. This is mainly 

work for experts. For a practitioner in BOHS mostly it is sufficient 

to think in terms of the 'traffic light'; it is discerning between:  

- Danger (red)   ≈ reduction of exposure required  

- Doubt (yellow) ≈ reduce exposure or involve expert, the latter if reduction is expensive  

- Safe (green)   ≈ no action required.  

Still for the practitioner the knowledge and use of some simple measurement 

techniques is an advantage to discern between those situations. The authors 

have tried to make a reasonable distinction between basic knowledge and some 

additional information that approaches expert knowledge. The latter mainly ap-

plies to the units used and is shown in (blue) 'Expert Boxes'. The practitioner in 

primary health care in principle will not need this information, but we recommend 

to master the method to evaluate and combine exposures as will be explained. 

 The medical and environmental oriented sections in this chapter are alternated. 

 

1 Noise 

Noise is loud, unwanted sound.  

1.1 Adverse effects 

Extreme noise, i.e. above 130 dBA (deciBel-A) causes pain and 

may rupture the acoustic membrane. Exposure above 120 dBA 

can cause hearing loss  (hearing impairment) and tinnitus (ring-

ing or buzzing in the ears) even after a few minutes, which may 

recover in a about a day: 'temporary threshold shift' (TTS), or it 

may be permanent.  

 Occupational noise-induced hearing loss is a risk in agricultural workers, as was shown 

in at least six studies in several countries108. Exposure to 85 dBA for 40 hours/week during 

10 years causes a permanent increase of the auditory threshold of 4 dB, which is the usual 

way to quantify hearing loss. 

 Noise-induced hearing loss often starts with a gradual increase of the auditory threshold 

at frequencies around 4 kHz, which mostly is unperceived. After some time the threshold in-

crease widens to the speech frequen-

cies (150 Hz - 2 kHz) interfering with 

comprehension of speech, especially in 

a noisy environment. A social handicap 

results. This illustrates the need of audi-

ometry for the early diagnosis of hearing 

impairment. Hearing loss is often ac-

companied by hyperacusis (hypersensi-

tivity to loud sounds) and tinnitus. 

 
108 Lie A, et al., 2016. Occupational noise exposure and hearing: a systematic review - PMC (nih.gov) 

(accessed 2021-12-27). 

Physical factors 

1. Noise 
2. Hand-arm vibration 
3. Whole body vibration 
4. Heat 
5. UV radiation 

Noise 

1.1 Adverse effects 
1.2 Units of noise 
1.3 Hazardous levels 
1.4 Susceptible groups 
1.5 Diagnosis  
1.6 Exposure limits 
1.7 Measurement of noise 
1.8 Prevention 

Hearing loss  Expert Box 1.1 

The 4 dB hearing loss (in range 3-6 kHz) was shown 
in large population studies in USA. After 40 years the 
median hearing loss was 5 dB. Apparently most dam-
age (4 dB) is incurred in the first 10 years. The study 
also showed that 90 dBA and 100 dBA exposure dur-
ing 10 years induce a median threshold increase of 
approximately 9 dB respectively 27 dB (again with 
relatively small effect of exposure duration).  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4786595/
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Another consequence is non-perception of sounds from colleagues or machinery that warn 

for danger. Noise exposure also can contribute to stress, increased blood pressure, fatigue, 

irritability, reduced performance and consequently accidents. 
 

1.2 Units of sound and noise 

The quantification of sound and noise is a little complicated. 

1. The loudness level (L) of sound is ex-

pressed in decibel: dB (Expert Box 1.2). This 

unit represents a logarithmic scale which is 

used to conform to a property of the ear: the 

loudness perception (and the damage) of 

sound is about proportional to the logarithm 

of the physical intensity. This implies that 

(each) doubling of the physical sound intensity means a loudness increase of 3 dB109 which 

is perceived by the ear as a step of fixed size. In practice: if one chainsaw creates 100 dB, 

two create 103 dB, four will create 106 dB. 

2. Due to its logarithmic character, sound 

(dB) levels cannot be simply added or aver-

aged (Expert Box-1.3). A varying sound level 

can be correctly measured and averaged by 

most apparatuses. The outcome represents 

the equivalent loudness (Leq). To combine a 

discrete number of (measured) sounds sev-

eral apps and a simple evaluation sheet are 

available, see 1.6.  

3. Instruments that measure sound (noise) usually apply a frequency weighting 'A-filter', (Ex-

pert Box 1.4) of the recorded sound to allow for the frequency dependent sensitivity of the 

ear. The result is expressed as dBA (sometimes the 'A' is omitted). The frequency-weighted 

average sound level over time may be indicated as LAeq (or Leq or L). 

 
109 Explanation: the difference in loudness (L) of a sound with physical intensity of 2S compared to one 

of 1S is: 10xlog2S -10xlogS = 10xlog2 +10xlogS – 10xlogS = 10xlog2 = 3 dB. 

Noise units in brief: Unit = decibel = dB.   +3 dB corresponds to double physical intensity (example: 

doubling of sources).    Special method is needed for evaluation of noise episodes. 

Varying sound level  Expert Box 1.3 

The time weighted average (TWA) sound level is 

calculated by first averaging the original mo-

mentaneous physical sound intensities, and then 
taking the logarithm of this average. The result is 
denoted by Leq, but 'eq' often is omitted.  

Note: to evaluate the acceptability of a sound 'S' 

that is present during a certain time, L(eq8h) is 
calculated: the  intensity (dB) of a 8 hour sound 
that has the same energy content (physical in-
tensity x duration) as the sound 'S' (see 1.6). 

Sound / noise level Expert Box 1.2 

Loudness (L) = 10.10log(I/I0) dB, with I = the 
physical Intensity of the sound in W/m2, and I0 = 
1 picoWatt/m2  (pico = 10-12), which is about the 
hearing threshold of young humans. Conversely 
the physical sound intensity is 10L/10 W/m2. 

 Expert Box 1.4 

The A-weighting filter 
This filter approximates the sensitivity 
of the ear for sounds of various fre-
quencies. At 3 kHz sensitivity is high-
est; at 200 Hz and at 30 kHz the filter 
applies an attenuation of  approxi-
mately 12 dB, which corresponds to a 
similar sensitivity reduction of the ear.   

https://sound-au.com/project17.htm  (ac-
cessed 2022-06-30) 

 

https://sound-au.com/project17.htm
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1.3 Hazardous noise levels 

Figure 1.1 shows noise levels that workers can be exposed to in agriculture110. Remarkable 

is the high level that may be produced by animals if being fed in large numbers. In practice, 

the actual exposure level also depends on the distance and other conditions like reflecting 

surfaces. During listening to music by headphones 110 dBA is not exceptional. Normal 

speech has an intensity of 50-60 dBA. 

 

1.4 Susceptible groups 

Many conditions independently can impair hearing: leisure time noise, inborn hearing impair-

ment, Meniere's disease, diseases of the middle ear, diabetes, head injury, smoking, contact 

with ototoxic chemicals (arsenic, mercury, some solvents) or ototoxic medicines (aminoglyco-

side antibiotics, chloroquine, some cytostatics). Their effects add to that of agricultural noise. 

In a broad concept of susceptibility these conditions are implied. In a strict concept their role 

as enlargers of the effect of noise is unknown. For a worker with hearing impairment most of 

these conditions deserve attention and preventive measures in order to maximally retain the 

residual hearing capacity, see secundary prevention. 

 
1.5 Diagnosis 

For the assessment of hearing impairment, tone (threshold) audiometry is crucial. Strict re-

quirements apply: calibrated apparatus, sound isolated booth, no intense exposure in past 8 

hours (to prevent confounding by TTS), etc. Sometimes measurements are restricted to the 

frequencies: 0.5, 1.0, 2.0, 3.0, 4.0, and 6.0 kHz (or even less). Insurance companies may 

speak of 'hearing impairment' if the threshold increase >25 dB in the range of 2-6 kHz.  

 In most countries occupational noise-induced hearing loss (ONIHL) is on the list of occu-

pational diseases; however, the criteria differ. To recognize ONIHL in a worker the audio-

gram should be corrected for the natural age-related hearing loss, which starts at the highest 

frequencies (>8kHz). The impairment should be of the perceptive ('sensory-neural'), not the 

 
110 Data from HSE. https://www.hse.gov.uk/agriculture/topics/noise.htm#_Typical_noise_levels (ac-

cessed 2017-07-04) and University Iowa. https://gpcah.public-health.uiowa.edu/fact-sheets/hear-
ing-loss/ (accessed 2018-02-18). 

Figure 1.1  Noise levels in agriculture. 
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conductive type. There should be no substantial difference between both ears111. Other po-

tential causes of hearing loss should be evaluated; see Susceptible groups. Recognition of 

ONIHL requires an exposure above a minimum combination of intensity (at least 80 dBA) 

and duration. 

 

1.6 Exposure limits 

The following regulations are prescribed by the EU. Exceeding the legal Limit Value requires 

for immediate measures to lower the exposure. Exceeding the higher Action Value requires 

noise reduction. Below the lower Action Value no hearing loss is expected (Table 1.1).  

 

Table 1.1 Noise exposure limits established by European Union (2003) 

 
Leq, 8h day or 40h weekc Peakd 

Action Valuea, lower 

                       higher 

80 dBA 

85 dBA 

135 dBC 

137 dBC 

Limit Valueb 87 dBA 140 dBC 

https://osha.europa.eu/nl/legislation/directives/82  (accessed 2019-10-20) 

a refers to the workplace 
b If no ear protection: refers to workplace; if ear protection: refers to inside protector 
c the 40h week applies when exposure varies markedly over days, provided that appropriate 

measures for reduction of peaks have been taken. 
d A peak reflects the highest momentary intensity112.  

 

 

This book uses the EU approach being more protective compared to the USA approach.  

If one wants to evaluate a single exposure or 

combination of exposures, a simple evalulation 

sheet is available. The table (Annex 9.1, page 

119) presents 'exposure points' for many com-

binations of duration and intensity of noise. The 

colored column going with 8h, translates the 

points into the 8-hour equivalent noise level 

 
111 https://emedicine.medscape.com/article/857813-clinical (accessed 2018-02-17). 

112 For experts. The frequency sensitivity of the ear at high intensity requires use of the nearly flat C-

filter, which means negligible weighting of extreme frequencies. (One may note that 135 dB during 

1 second corresponds to L(eq8h) ≈ 85 dB.) 

USA noise approach             Expert Box 1.6 

Above 90 dBA in the workplace, administrative 
or engineering controls are required. If these 
are not effective, individual hearing protection 
is required. Above 85 dBA exposure monitor-
ing and audiometric testing are required.  

Occupational Noise Exposure - Standards | Occu-
pational Safety and Health Administration 
(osha.gov) (accessed 2012-12-28)  

Exchange rate                         Expert Box 1.5 

This is the allowed increase of loudness (Leq) 
when exposure duration is halved.  
The EU adopted 3dB, meaning a Limit Value 
for 1 hour exposure of Leq = 87 dB + 9 dB  
[3x3dB] = 96 dB. OSHA-USA uses 5dB, which 
is a more lenient risk approach; their 85 dB 
limit would for 1 hour result in 85dB + 15 dB 
[3x5dB] = 100 dB. (note: NIOSH-USA uses 3 
dB) 

Adding two noise exposures Box 1.7 
using the sheet in Annex 9.1 

Exposure-1: 4   hours 84 dBA → 40 points 
Exposure-2:  0.5 hour 96 dBA → 79 points+ 
Addition:      (4.5 hours) 119 points 

119 points corresponds to L(eq8h) ≈ 85.5dBA 

https://osha.europa.eu/nl/legislation/directives/82
https://emedicine.medscape.com/article/857813-clinical
https://www.osha.gov/noise/standards
https://www.osha.gov/noise/standards
https://www.osha.gov/noise/standards
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L(eq8h) in the (blue) column at the right. This L(eq8h) can be directly compared to any 8h ex-

posure limit.  

 Example: a 4 h exposure to 84 dB results in 40 points; in the 8 h column 40 points corre-

sponds to 81 dB L(eq8h)113  

 Similarly, can exposures be added. Box-1.7. shows an example in which the combined 

exposure exceeds the EU higher Action Value (85 dBA). The same results can be obtained 

using an online calculator114 or the HSE downloadable Excel-based calculator115.  

 

1.7 Measurement of noise 

A preliminary impression of the noise level (L) can 

be obtained by (well pronounced) speaking at nor-

mal voice to a person (with normal hearing) at 1 m 

distance. If he/she cannot comprehend the words, 

the sound level is above 80dBA. 

 However, a quantified measurement of the 

noise intensity is crucial for a thoughtful approach 

and contributes to convince the worker and/or em-

ployer to collaborate. In case of a nearby source, 

the measurement should be close to the worker's 

ear to obtain the correct intensity. A wide range of 

measuring devices is available.  

 The apparatus should have been calibrated and 

should specify the technique of measuring: the ap-

plied filter and averaging. NIOSH approved ten 

sound level meter (SLM) apps for iOS-based (Ap-

ple) smartphone116. NIOSH also developed an app 

that is available on iTunes, and has a comprehensive description on YouTube117. 

 

1.8 Prevention 

Good opportunities to question workers on noise exposures and hearing loss are the regis-

tration of a worker at the health center, a health surveillance or an educational meeting. If ap-

plicable proceed with a farm visit, workplace measurements and/or audiometry. As a screen-

ing device for audiometry a smartphone with an app118 can be used; over-ear headphones, 

calibration and absence of disturbing noise are recommended. 

 
113 Concept gratefully derived from http://www.hse.gov.uk/noise/dailyexposure.pdf (accessed 2019-10-

20)  

114 https://www.noisemeters.com/apps/occ/twa-dose.asp (accessed 2019-10-20) Before entering your 
data, choose the desired parameters for calculation, e.g. the exchange rate (see Expert Box 1.4).  

115 http://www.hse.gov.uk/noise/calculator.htm (accessed 2022-01-17; on this date several online 
noise adding calculators for smartphone were found, but none downloadable). 

116 https://blogs.cdc.gov/niosh-science-blog/2017/01/17/slm-app/ A NIOSH-SLM for Android devices is 
not yet available (accessed 2022-06-27). 

117 https://www.youtube.com/watch?v=zk07tLj_SDs (accessed 2018-02-18). 

118 JMIR mHealth and uHealth - Diagnostic Accuracy of Smartphone-Based Audiometry for Hearing 

Loss Detection: Meta-analysis Example: SHOEBOX Audiometry Standard on the App Store (ap-

ple.com) (both accessed 2021-12-28).  

Figure 1.2  NIOSH Sound Level Meter (SLM) 
app on smartphone provided with an external 
microphone (https://itunes.aple.com/us/app/-
nioshslm/id1096545820?mt=8,  accessed 
2019-11-09).  

http://www.hse.gov.uk/noise/dailyexposure.pdf
https://www.noisemeters.com/apps/occ/twa-dose.asp
http://www.hse.gov.uk/noise/calculator.htm
https://blogs.cdc.gov/niosh-science-blog/2017/01/17/slm-app/
https://www.youtube.com/watch?v=zk07tLj_SDs
https://mhealth.jmir.org/2021/9/e28378/
https://mhealth.jmir.org/2021/9/e28378/
https://apps.apple.com/us/app/shoebox-audiometry/id873272921
https://apps.apple.com/us/app/shoebox-audiometry/id873272921
https://itunes.aple.com/us/app/-nioshslm/id1096545820?mt=8
https://itunes.aple.com/us/app/-nioshslm/id1096545820?mt=8
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Primary prevention (= reduction of 

exposure).  

The ILO Checklist (Box 1.8) follows 

the steps (1-5) of the 'occupational 

hygiene strategy' (Chapter 2).  

1. Diminish the sound production 

2. Arrange enclosure or shielding of 

the source. 

3. Arrange sound absorbing materi-

als on walls and ceiling. 

4. Personal protective devices: ear-

plugs or (better) earmuffs, see 

Figure 1.3. The attenuation of the 

device should suit the noise level, 

and not hamper all spoken infor-

mation. A good fit in or on the ears 

is essential. The (dis)comfort of 

wearing often determines whether 

a device is used in practice or not. 

5. Information and education. A per-

sonal protective device must be 

applied before the start of the 

noise and only removed after the 

noise has ended. Even a very 

brief unprotected high noise expo-

sure will practically cancel the ef-

fect of the ear protection (because 

of the logarithmic character of 

hearing damage).  

  Emphasize that ear protection 

demonstrates professionalism, be-

ing a well-informed, being a re-

spectable employer or employee. 

Further: hearing deteriorates by 

aging anyway; nobody wants to 

advance the moment of using a 

hearing aid with its unavoidable 

disadvantages. 

Secundary prevention (= early diag-

nosis).  

Ask a worker on hearing loss, espe-

cially during a health surveillance. If 

hearing loss is mentioned, audiometry is indicated. If the type of hearing loss indicates induc-

tion by noise (see 1.4 Diagnosis), it should be followed by evaluation of the noise exposure 

at and outside the workplace, and by advice on noise reduction. Conserving the residual 

hearing capacity is crucial, not in the least to have reasonable profit of a hearing aid, espe-

cially in view of the inevitable reduction by age. 

Figure 1.3  Personal hearing protection. 



 Chapter 9   Physical factors 
  

 
104 

Tertiary prevention (= rehabilitation and coping with handicap).  

 Hearing aids should be adapted to the individual's impairment and are expensive. Improve-

ment of the quality of life results in only part of the users. Auditory training, speech-reading 

and communication strategy (ask the speaker to face the handicapped, to pronounce dis-

tinctly) often will be reasonably effective. 

 

Further information 

HSE: Preventing noise-induced hearing loss on farms – good practice guidelines. 

https://worksafe.govt.nz/topic-and-industry/noise/noise-in-agriculture/preventing-noise-induced-hear-

ing-loss-of-farms-gpg/ (accessed 2018-06-13). 

 

 Information for agricultural workers  

Fact sheet, 3 page, slight modification desirable: 

https://gpcah.public-health.uiowa.edu/fact-sheets/hearing-loss/ (accessed 2018-02-18) 

 

2 Hand-arm vibration 

Hand-arm vibrations (HAV) are transmitted directly to the hand, 

and via the hand to other parts of the body. The vibrations concern 

frequencies from 5 to 1000 Hz. 

 

2.1 Adverse effects 

The hand-arm vibration syndrome (HAVS) is the disease of con-

cern. Three systems are impaired. 

Several approaches were studied in 491 USA farm operators to promote the use of personal hear-

ing protection. Especially making hearing protectors more easily available, appeared to be effective. 

McCullagh et al., 2016. Effects of interventions on use of hearing protectors among farm operators: 

A randomized controlled trial - PubMed (nih.gov) 

ILO Checklist for noise prevention at the farm * (slightly adapted) Box 1.8 

- Does the place conform to national regulations on noise (if applicable)?       

- Are machines and motorized vehicles serviced and maintained regularly?  Make an inventory of 

all noisy machines, vehicles and activities. 

- Are the noisy parts of machines enclosed?  

- Is there a policy to replace older, noisy machines and vehicles with quieter ones?       

- Are machines correctly mounted to reduce noise (and vibration) levels?  

- Are there measures to prevent that animals scream loudly in a confined space, for example re-

lated to being fed? (Think of automated feeders.) 

- Are sound‐absorbing materials used on ceilings, walls and floors?    

- Are adequate barriers used to prevent noise spreading around the workplace?  

- Are workers rotated so that their noise exposure is reduced in duration?     

- Are workers provided with the best form of hearing protection?    

- Are the ear muffs/plugs regularly cleaned, maintained or replaced as necessary?  

- Have workers been given training in the correct use of ear muffs or ear plugs?  

- Where hearing protectors need to be worn, hearing protection zones should be designated and 

the need to wear hearing protectors should be indicated with appropriate signs.  

- Hearing protectors should be available at the entries to the protection zones. 

* Originally for factories: http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---sro-

port_of_spain/documents/presentation/wcms_250190.pdf (accessed 2018-02-18)  

Hand-arm vibration 

2.1 Adverse effects 
2.2 Units of vibration 
2.3 Hazardous levels 
2.4 Susceptible groups  
2.5 Diagnosis 
2.6 Exposure limits 
2.7 Measurement  
2.8 Prevention 

https://worksafe.govt.nz/topic-and-industry/noise/noise-in-agriculture/preventing-noise-induced-hearing-loss-of-farms-gpg/
https://worksafe.govt.nz/topic-and-industry/noise/noise-in-agriculture/preventing-noise-induced-hearing-loss-of-farms-gpg/
https://gpcah.public-health.uiowa.edu/fact-sheets/hearing-loss/
https://pubmed.ncbi.nlm.nih.gov/26766172/
https://pubmed.ncbi.nlm.nih.gov/26766172/
http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---sro-port_of_spain/documents/presentation/wcms_250190.pdf
http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---sro-port_of_spain/documents/presentation/wcms_250190.pdf
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1. Vascular system: attacks of 'white fingers' when the air is cold or when grasping a cold ob-

ject. The white area is sharply demarcated (Figure 2.1) and normalizes within an hour of re-

warming, which is usually accompanied by pain. This phenomenon is called vibration-in-

duced white finger (VWF) or secondary Raynaud's disease (or Raynaud's syndrome / phe-

nomenon). In later stages trophic changes occur. 

2. Neurological system: peripheral neuropathy that causes numbness, tingling and sensory 

impairment in the fingers when the air is cold or 

when grasping a cold object. In later stages this 

may occur even at normal temperature. Then also 

manual dexterity in handling small objects may be 

disturbed. The vascular and neurological disor-

ders often occur together. 

3. Bone and joint: osteoarthritis that causes pain, 

rigidity and reduction of movement range in wrist 

and elbow. Especially the lower frequencies in-

duce this impairment.  

The risk of carpal tunnel syndrome (CTS) likely is 

increased as well; here the pinching in the tool 

may be an additional causal factor. 

 The reversibility of the impairments is minimal 

and efficacy of therapy is questionable. According to a recent review the quantitative relation-

ship between vibration exposure and the incidence, latency and severity of the effects still is 

not clear119. Although in the past 1m/s2 was supposed as the no-effect level, the report states 

that this is questionable. 

 The development of HAVS is promoted by having cold hands and by noise during the vi-

bration exposure, by smoking, β-blockers, neurotoxic substances and diabetes. 

 

2.2 Units of hand-arm vibration 

The characterization of HAV is a little more complicated compared to noise (due to aspect 2). 

Four aspects are essential. 

 

1. The intensity is expressed as acceleration: a, with unit: m/s2.  

2. Vibration usually has components in three directions (x, y and z, Box 2.1); for evaluation 

the squared accelerations are added and the root is taken. 

3. Likewise the situation of noise, the accelerations of various exposures cannot be simply 

added or averaged. Again the reason is that the energy is the basis for the addition as it is  

 
119 Microsoft Word - NV-13-05 A critical review of evidence related to hand-arm vibration syndrome 

and the extent of exposure to vi (hse.gov.uk) 2015 (accessed 2022-01-17). 

Figure 2.1  Attack of 'vibration white finger' 
(photo from unknown source). 

Vibration units in brief: Unit = acceleration = a.  All three directions should be represented in a.  

Special method is needed for evaluation of vibration episodes. 

https://www.hse.gov.uk/research/rrpdf/rr1060.pdf
https://www.hse.gov.uk/research/rrpdf/rr1060.pdf
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related to the biological damage. In the case of vi-

bration the energy is not proportional to 'a' but to 

a2. A simple calculation sheet (similar to the noise 

calculation sheet) resolves this problem, see 2.6.  

4. Likewise the situation of noise, instruments that 

measure HAV should apply a frequency weighting 

filter (defined by International Standard ISO 5349-

1, 2001) to allow for the frequency-dependent vul-

nerability of the tissues. (The acceleration after 

weighting may be denoted as aw.) 

 

2.3 Hazardous vibration levels 

In agriculture, compared to some other occupa-

tions, relatively little time is spent with hazardous 

vibrating hand tools or similar objects. Among 

these is the chainsaw: vibration of the handles 

was reported120 to be 4-10 m/s2.With these num-

bers, an exposure during more than one hour 

tends to exceed the 8-hour Action Value of 2.5 m/s2. Also relevant are brush cutters, grinders 

and mechanical harvesters of for example fruits, nuts or olives. Handle-bars of ATVs (all-ter-

rain vehicles) were found to produce 3-4 m/s2. Several factors influence the actual exposure 

in a specific situation: the design and technical condition of the tool, the material processed 

by the tool, the grip force, posture and dexterity of the worker. 

 

2.4 Susceptible groups 

Persons with primary Raynaud's disease, diabetes, CTS and smokers, users of β-blockers or 

exposure to neurotoxicants. 

 

2.5 Diagnosis 

HAVS is recognized as an occupational disease in most countries. In recent decades the cri-

teria of severity have changed121. Obviously, the extent of the finger bleaching, quantified by 

the number of affected phalanges, is more relevant than the frequency of bleaching. Tests 

for vascular impairment, for instance provocation with cold water, have little value. Tests for 

sensory impairment, for instance temperature and vibration sensitivity, recently appeared. 

 For differential diagnosis consider (primary) Raynaud's disease, diabetes, carpal tunnel 

syndrome, tobacco smoking, use of β-blockers or exposure to neurotoxicants. 

 

2.6 Exposure limits 

Exceeding a (legal) Limit Value requires for immediate measures to lower the exposure. The 

Action Value requires for vibration reduction.  

 If one wants to evaluate a single exposure or combination of exposures, a simple evalu-

ation sheet is available (Annex 9.2, page 120). The procedure is identical as for sound. The  

 
120 Hand-arm vibration emission of chainsaws – comparison with vibration exposure. HSL/2004/13 

(hse.gov.uk) (accessed 2022-01-17). 

121 The ILO point of view is mentioned in section 3.4. 

Hand-arm vibration Expert Box 2.1. 

The three (orthogonal) components  ax, ay 
and az of hand-arm vibration. The com-
bined acceleration equals the square root 
of  ax

2
 + ay

2 + az
2. 

For a vibration that varies in time the TWA 
of the squared momentaneous (com-
bined) accelerations is calculated and 
then the square root taken, sometimes 
denoted as rms. (root mean square). 

Figure from:  Hand-Transmitted Vibration (ilo-
encyclopaedia.org) (accessed 2022-10-16) 

https://www.hse.gov.uk/research/hsl_pdf/2004/hsl0413.pdf
https://www.hse.gov.uk/research/hsl_pdf/2004/hsl0413.pdf
https://www.iloencyclopaedia.org/part-vi-16255/vibration/item/789-hand-transmitted-vibration#VIB_fig4
https://www.iloencyclopaedia.org/part-vi-16255/vibration/item/789-hand-transmitted-vibration#VIB_fig4
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table presents 'exposure points' for many 

combinations of duration and intensity of 

HAV. The (colored) column going with 8 h, 

translates the points into the 8-hour equiva-

lent acceleration level a(eq8h) in the (blue) 

column at the right. This a(eq8h) can be di-

rectly compared to any 8h exposure limit.   

Example: a 1 hour exposure to an accelera-

tion of 8 m/s2 results in 32 exposure points. 

The colored column shows that this corre-

sponds to a(eq8h) = 2.8 m/s2, which exceeds the EU Action Value. Likewise the situation of 

sound, vibration exposures can be combined by adding their exposure points, as the points 

represent the vibration energy. The same results can be obtained using the HSE down-

loadable Excel-based calculator122. 

 

2.7 Measurement of hand-arm vibration 

Measurement requires specific expertise, especially the fixation of the accelerometer on the 

vibrating tool. So, this will be beyond the possibilities of a primary health care center. Infor-

mation from the retailer or manufacturer on the vibration intensity of a tool has some value. 

However it likely will underestimate the exposure, due to too 'soft' test conditions and due to 

wearing of components in practice.  

 

2.8 Prevention 

1. Good maintenance of tools, replacement by 

tools with less vibrating handles, 

2. Working methods that avoid pinching, 

3. Avoid working with cold hands and while feeling 

cold. Anti-vibration gloves give little vibration 

protection but prevent getting cold hands and 

reduce potential non-vibration injury. 

4. Introduce regular pauses during work, 

5. Consider hearing protection, as many vibrating 

tools also have a high noise level. 

6. Use gloves, safety goggles or face shield, sturdy 

trousers and shoes, 

7. Inform workers on the importance of these 

measures. 

Videos on hand-arm vibration, HAVS and safe use of chainsaws are available at YouTube. 

 

Further information 
http://www.hse.gov.uk/agriculture/topics/vibration.htm (accessed 2018-06-13). 

Information for agricultural workers 
Quick guide, Nw Zealand, 2021. WKS-5-hand-arm-vibration-for-workers.pdf (accessed 2022-03-12). 

 
 

 
122 www.hse.gov.uk/vibration/hav/hav.xls  (2015, accessed 2022-01-17, on this date several online vi-

bration adding calculators for smartphone were found, but none downloadable). 

Table 2.1 Hand-arm vibration exposure limits es-
tablished by European Union (2002) 

 Acceleration, 

TWA, 8h day 

Action Value 

Limit Value 

2.5 m/s2 

5.0 m/s2 

http://eur-lex.europa.eu/legal-content/EN/TXT/-
?uri=CELEX:32002L0044 (accessed 2022-06-27) 

Figure 2.2  Safe starting of fuel driven chain-
saw (https://www.ccohs.ca/oshanswers/-
safety_haz/chainsaws/safeuse.html, accessed 
2020-02-22). 

http://www.hse.gov.uk/agriculture/topics/vibration.htm
file:///C:/Users/mmver/Downloads/WKS-5-hand-arm-vibration-for-workers.pdf
http://www.hse.gov.uk/vibration/hav/hav.xls
http://eur-lex.europa.eu/legal-content/EN/TXT/-?uri=CELEX:32002L0044
http://eur-lex.europa.eu/legal-content/EN/TXT/-?uri=CELEX:32002L0044
https://www.ccohs.ca/oshanswers/-safety_haz/chainsaws/safeuse.html
https://www.ccohs.ca/oshanswers/-safety_haz/chainsaws/safeuse.html
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3 Whole-body vibration 

Whole-body vibration (WBV) is transmitted to the body by the sur-

face on which one is sitting or standing. Relevant frequencies are 

0.5 – 80 Hz. 

 

3.1 Adverse effects 

Harm to organs is promoted by their potential resonance with the 

external frequency source. Frequencies in the range of 0.5 to 2 Hz 

may induce motion sickness. In the range of 4 to 8 Hz circulatory, 

gastrointestinal and renal problems may occur, from 5 to 20 Hz problems with vision. 

 Prolonged exposure can induce injury and pain in the back, mostly the lower back. Ag-

gravating factors may be an awkward posture, due to habit or due to an improperly fitting or 

improperly adjusted seat. Wrongly placed handles or displays may add to a poor posture. 

The HSE information sheet on WBV (see: Further information) states that if back pain occurs 

due to agricultural work, it is generally more likely to be caused by other factors than WBV. 

WBV and low back disorders in farmers  

In a review, Essien et al (2018) found some positive associations. Differences in definitions, study 

design etc. were mentioned, and hampered firm conclusions.  

Association Between Whole-Body Vibration and Low-Back Disorders in Farmers: A Scoping Review - PubMed 
(nih.gov) (accessed 2022-03-12). 

 

3.2 Units of whole-body vibration 

The characterization of this vibration resembles hand-arm vibration.  

1. The intensity is expressed as acceleration: a, with unit: m/s2.  

2. WBV usually has components in three directions (x, y 

and z, Expert Box 3.1). Acceptability of vibration exposure 

is evaluated for the component with the highest accelera-

tion. 

3. Likewise the situation of HAV, the accelerations of vari-

ous exposures cannot be simply added or averaged. Again 

the reason is that the energy is the basis for the addition as 

it is related to the biological damage. In the case of vibra-

tion, the energy is not proportional to a but to a2 (Expert 

Box 3.2). A simple calculation sheet (similar to the HAV 

sheet) resolves this problem, see 3.6. 

4. Instruments that measure WBV should apply fre-quency 

weighting filters (defined by International Standard ISO 

2631-1:1997) to allow for the frequency-dependent vulnera-

bility of the tissues. The acceleration after weighting may be denoted: aw. 

Whole-body vibration 

3.1 Adverse effects 
3.2 Units of vibration 
3.3 Hazardous levels 
3.4 Susceptible groups  
3.5 Diagnosis 
3.6 Exposure limits 
3.7 Measurement  
3.8 Prevention 

Vibration units in brief: Unit = acceleration = a.  All three directions should be represented in a.  

Special method is needed for evaluation of vibration episodes. 

Directions of WBV Expert 

Box 3.1 
 

 https://www.safeworkaus-

tralia.gov.au/sys-tem/files/dou-

ments/1703/guidetomeasurin-gas-

sessingwholebodyvibration.docx 

Calculation of WBV  Expert Box 3.2 

https://pubmed.ncbi.nlm.nih.gov/28952884/
https://pubmed.ncbi.nlm.nih.gov/28952884/
https://www.safeworkaustralia.gov.au/sys-tem/files/douments/1703/guidetomeasurin-gassessingwholebodyvibration.docx
https://www.safeworkaustralia.gov.au/sys-tem/files/douments/1703/guidetomeasurin-gassessingwholebodyvibration.docx
https://www.safeworkaustralia.gov.au/sys-tem/files/douments/1703/guidetomeasurin-gassessingwholebodyvibration.docx
https://www.safeworkaustralia.gov.au/sys-tem/files/douments/1703/guidetomeasurin-gassessingwholebodyvibration.docx
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3.3 Hazardous exposure 

WBV nearly always results from driving vehicles. 

Table 3.1 shows the WBV exposure during driving 

of (4) tractors (120-170 horse power, with un-, par-

tially- and fully suspended cabins) in UK123. Less 

advanced machinery will produce higher accelera-

tion. Other relevant vehicles are those used for culti-

vating etc., and all-terrain vehicles (ATV). Fast driv-

ing and rough terrain substantially increase the ex-

posure. Another source of WBV can be the vibrating ground near a large machinery for ex-

ample for milling.  

 

3.4 Susceptible groups 

Workers with back disorders (lumbar hernia, scolio-

sis etc.), poor posture or a history of recurrent back 

pain. 

 

3.5 Diagnosis 

Regarding recognition of WBV as an occupational 

disease, the ILO list124 is not really informative partly 

because it doesn't discern HAV and WBV; it states: 

'1.2.2 Diseases caused by vibration (disorders of muscles, tendons, bones, joints, peripheral 

blood vessels or peripheral nerves)'. The diagnosis of a back (or other) disorder as being 

caused by WBV as the dominant factor in a worker, is difficult because of important other ad-

verse factors in agricultural work that can cause such a disorder. Think of awkward work pos-

tures and heavy lifting, see Chapter (5) on MSD. Complicating factor is the well-known low 

association in back disorders between subjective symptoms, including pain, and objective 

abnormalities.  

 

 3.6 Exposure limits 

Exceeding a (legal) Limit Value requires for im-

mediate measures to lower the exposure. Ex-

ceeding the Action Value requires for vibration 

reduction. In judging an episode of WBV, only 

the highest TWA acceleration (after weighting) 

in any of the three directions (x, y, z) should be 

observed.  

 If one wants to evaluate a single exposure 

or combination of exposures, a simple evalu-

 
123 HSE 2005. http://www.hse.gov.uk/research/rrpdf/rr321.pdf page xi (accessed 2019-10-31). 

 This report states that shocks are better valuated by a limit approach based on a dose concept that 

is proportional to a4 instead of a2. This implicates that shocks, a sort of brief high frequency vibra-

tion, are considered disproportionally more detrimental. 

124 http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publica-
tion/wcms_150323.pdf (accessed 2018-02-18). 

For a vibration that varies in time, the 
TWA of the squared momentaneous 
(separate) accelerations is calculated, 
and then the root taken, sometimes de-
noted as rms (root mean square). 
    The EU approach (2008) prescribes a 
specific filter and an additional weighting 
factor of 1.4 for horizontal vibrations.  

EUR-Lex - 02002L0044-20081211 - EN - 
EUR-Lex (europa.eu) (accessed 2022-01-17) 

Table 3.1  WBV due to driving vehicles  

Vehicle   WBV aw  

Tractor in use for …           (m/s2)_ 

  - spraying 0.4 - 0.8 

  - ploughing 0.7 - 0.9 

  - cultivating 0.5 - 1.5 

  - trailer transport 0.5 - 1.3 

Self-propelled sprayer 0.5 - 0.7 

All terrain vehicle (ATV) 0.9 - 1.4 

Table 3.2  Whole-body vibration exposure 
limits established by European Union (2002) 

 Acceleration, 

TWA, 8h day 

Action Value 

Limit Value 

0.5   m/s2 

1.15 m/s2 

http://eur-lex.europa.eu/legal-con-
tent/EN/TXT/PDF/?uri=CELEX:02002L0044-
20081211&from=EN (accessed 2018-02-18) 

http://www.hse.gov.uk/research/rrpdf/rr321.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publication/wcms_150323.pdf
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publication/wcms_150323.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02002L0044-20081211
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02002L0044-20081211
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02002L0044-20081211&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02002L0044-20081211&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02002L0044-20081211&from=EN
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ation sheet is available (Annex 9.3, page 121). The procedure is identical to the one of HAV. 

The table presents 'exposure points' for many combinations of duration and intensity of WBV. 

The (colored) column going with 8 h, 'translates' the points into the 8-hour equivalent WBV 

acceleration level a(eq8h) in the (blue) column at the right. This a(eq8h) can be directly com-

pared to any 8h exposure limit. Example: an 1 hour exposure to an acceleration of 2.4 m/s2 

results in 54 exposure points. The colored column shows that this corresponds to a(eq8h) = 

0.85 m/s2, which exceeds the EU Action Value.  

 Several WBV exposures can be combined by adding their exposure points, as the points 

represent the vibration energy. The same results can be obtained using the HSE down-

loadable Excel-based calculator125. 

 

3.7 Measurement of whole-body vibration 

Measurement requires some expertise. For vehicle drivers 

several brands of measuring devices ('pancakes') are avail-

able to sit on. These contain accelerometers for 3 direc-

tions and have to be connected to a recording device. Re-

cently an iPod provided with a special app, appeared to 

perform well in replacing the 'pancake' recording system126. 

Information from the retailer or manufacturer on the vibra-

tion of a vehicle may be valuable. However it likely will un-

derestimate the exposure, due to too 'soft' test conditions 

and due to wearing of components in practice.  

 

3.8 Prevention 

1. Maintain vehicles and machinery in good condition, or replace them by less vibrating ones, 

2. If possible, use vehicles with a suspended cabin, 

3. Install vibration isolator mounted seat with controls that can be easily adjusted (in discus-

sion with manufacturer), 

4. Provide additional seat facilities, for example adjustable lumbar support (see Ergonomics, 

Chapter 2), 

5. Repair roadways and keep them clear, 

6. Reduce terrain roughness, 

7. Drive in a smooth and controlled manner, avoid working under high pressure, 

8. Information to workers, education of all involved.  

 

Further information 

Information sheet No 20, 6 pages. 2013. UK Health and Safety Executive Whole-body vibration in agri-
culture AIS20 (hse.gov.uk) (accessed 2022-03-12) 

Information for agricultural workers 

Quick guide, Nw Zealand 2021 WKS-5-whole-body-vibrations-information-for-workers.pdf 

 

 

 

 
125 http://www.hse.gov.uk/vibration/wbv/calculator.htm (accessed 2019-11-09; on this date no down-

loadable calculators for a smartphone were found on the Internet). 

126 CDC - Mining Project - Whole-Body Vibration Measure Tools - NIOSH refers to WBV on the 
App Store (apple.com) (both accessed 2022-01-18). 

Figure 3.1 A tractor seat without 
suspension does not protect against 
WBV (vidaXL Tractorstoel met rug-
leuning zwart | bol.com, accessed 
2022-10-31). 

https://www.hse.gov.uk/pubns/ais20.pdf
https://www.hse.gov.uk/pubns/ais20.pdf
file:///C:/Users/mmver/Downloads/WKS-5-whole-body-vibrations-information-for-workers.pdf
http://www.hse.gov.uk/vibration/wbv/calculator.htm
https://www.cdc.gov/niosh/mining/researchprogram/projects/project_wholebodyvibrationtools.html
https://apps.apple.com/us/app/wbv/id797629017
https://apps.apple.com/us/app/wbv/id797629017
https://www.bol.com/nl/nl/p/vidaxl-tractorstoel-met-rugleuning-zwart/9200000040434644/?Referrer=ADVNLGOO002036-G-140657195714-S-1673941627097-9200000040434644&gclid=CjwKCAjw5P2aBhAlEiwAAdY7dDRsyKgegZhFUJcS-0j4plkrvAjXNNzk7vfjzFD3ZUDnFvFuijXn_RoC5vwQAvD_BwE
https://www.bol.com/nl/nl/p/vidaxl-tractorstoel-met-rugleuning-zwart/9200000040434644/?Referrer=ADVNLGOO002036-G-140657195714-S-1673941627097-9200000040434644&gclid=CjwKCAjw5P2aBhAlEiwAAdY7dDRsyKgegZhFUJcS-0j4plkrvAjXNNzk7vfjzFD3ZUDnFvFuijXn_RoC5vwQAvD_BwE
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4 Heat 

Sources used for this chapter are in particular OSHA-USA and 
NIOSH127.  

4.1 Adverse effects 

Heat stress denotes an unfavorable rise of body temperature128 

due to too much absorption and/or too much internal production 

of heat, and/or too little elimination. In the following the effects 

are mentioned starting with the more severe. 

Heat stroke: is an acute medical emergency. It can cause death 

or permanent disability if emergency medical treatment is not 

given. Two types are discerned: 

■  'Classic' heat stroke is caused by failure of the heat elimination mechanism in a hot envi-

ronment. The body temperature rises rapidly (within 15 minutes) above 41°C. Sweating is 

absent, the skin is hot and dry. Injury occurs to the central nervous system with a sudden 

and sustained loss of consciousness preceded by decreased blood pressure, dizziness, nau-

sea, headache, slurred speech, confusion, bizarre behavior, seizures.  

■  Exertional heat stroke is caused by heavy work in a hot environment. Symptoms are simi-

lar as above except that sweating nearly always is profuse. Not-uncommon complication is 

degradation of skeletal muscle: 'rhabdomyolysis'. This makes proteins and electrolytes to en-

ter the blood, which results in muscle pain, dark urine, kidney injury and increased creatine 

kinase (CK) in blood. The worker may be unable to recognize dangerous situations.  

Heat exhaustion is an elevation of the body temperature above 38°C with reduced perfor-

mance of one or more organ systems: damage to the liver, kidney, muscles, etc. Symptoms 

are: heavy sweating, fatigue, weakness, pallor, fast weak pulse, dizziness, nausea, head-

ache, thirst, irritability, muscle cramps and a decreased urine output. Heat exhaustion may 

signal impending heat stroke. 

Heat cramps are spastic contractions 

with pain in the voluntary muscles, 

mainly of arms, hands, legs, and feet. 

It is due to profuse sweating without 

sufficient intake of salt and water.  

Heat syncope is fainting similar to 

vasovagal fainting, usually occurring 

after prolonged standing or sudden 

rising from a sitting or supine position 

during heat exposure. It is often pre-

ceded by light-headedness and 

 

127 OSHA Technical Manual (OTM) - Section III: Chapter 4 | Occupational Safety and Health Admin-

istration 2017 and National Institute for Occupational Safety and Health (NIOSH). Revised Criteria, 
2016. Criteria for a Recommended Standard: Occupational Exposure to Heat and Hot Environ-
ments (cdc.gov) (accessed 2022-01-19). 

128 This chapter uses °C (Celsius).   °F (Fahrenheit) = 1.8x°C + 32,   °C = (°F - 32) / 1.8  

Heat 

4.1 Adverse effects 
4.2 Metabolism and heat 
    transport 
4.3 Ambient temperature 
4.4 Work rate 
4.5 Acclimatization 
4.6 Exposure limits 
4.7 Susceptible groups  
4.8 Diagnosis 
4.9 First aid 
4.10 Prevention 

Figure 4.1. Heat exhaustion (Extreme Heat Information - Pro 
Car Seat Safety, slightly modified, accessed 2022-10-17). 

https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf
https://procarseatsafety.com/hotweathersafety.html
https://procarseatsafety.com/hotweathersafety.html
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dizziness. There is no increase of body temperature or cessation of sweating. Dehydration 

and inadequate acclimatization often contribute. 

Heat rash is skin irritation due to excessive sweating in combination with obstruction of sweat 

ducts. It results in itchy and painful red/pimple clusters of blisters and skin lesions. Involved 

body parts are the neck, chest, groin, armpits, elbow creases, and behind the knees. 

Chronic dehydration may result in kidney stones or heat stress nephropathy. It is often due to 

outdoor heavy manual work and low water intake, for instance harvesting sugar cane or rice. 

Dehydration increases serum creatinine, followed by renal interstitial inflammation and fibro-

sis, decrease of glomerular filtration and permanent increase of serum creatinine129. Subclini-

cal rhabdomyolysis increases urinary uric acid, which tends to crystallize contributing to 

chronic kidney disease. The outcome not seldom is fatal. 

Reduced physical and mental performance may partially be related to feelings of discomfort. 

Increased absorption of chemicals into the body, both via the skin (warm and wet!) and via 

respiration, which is intensified by the increased metabolism due to the heat and/or physical 

exertion. 

 

4.2 Metabolism and heat transport 

When the human body is in thermal equilibrium, its temperature is constant. The calories 

generated by the metabolism, are dissipated into the environment. In a hot environment the 

problem is to get rid of your calories. If you don't eliminate enough calories, these accumu-

late in the body and its temperature increases. The heat transport in humans is described in 

expert box 4.1. 

External factors that influence the human heat transport. 

1. Air temperature. Above ~ 20°C a rise of temperature induces the body temperature con-

trol mechanism to increase the present heat elimination from the body by:  

 - increasing sweat production and consequently evaporation (E), and  

 - widening the skin blood vessels, increasing skin temperature and consequently increase 

convection and radiation. 

 
129 Wesseling et al., 2020. Chronic kidney disease of non-traditional origin in Mesoamerica: a disease 

primarily driven by occupational heat stress (nih.gov) 

Heat transport in humans  Expert Box 4.1 

Heat Storage (in body)  = Metabolism  – mechanical Work – Evaporation – Convection – Radiation. 

Or: S = M – W – E – C – R  (All parameters in calories/time  or Watt *. 

S: In thermal equilibrium S=0, meaning that M equals the energy dissipation (W+E+C+R). 

M: The energy produced by the conversion of food (and body tissue).   

W: External mechanical Work done. 

E = Evaporation, in lungs and from skin, ranging from unperceived perspiration to sweating. 

C = Convection ('streaming') of heat to the passing air when the skin is warmer than air.  

 (Conduction, heat exchange in the contact with non-moving objects, hardly plays a role.) 

R = (thermal) Radiation, when the skin is warmer than the surrounding surfaces (then R is positive). 

* 1 calorie/sec (cal/s) = 4.2 Watt; (1 Watt = 0.24 cal/s). 1 kcal/min. = 70 Watt. Note: often 'Calorie' or 

Cal (with capital) is used for kcal, for example in 'an adult needs 2000 – 2500 Cal per day'. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6984407/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6984407/
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 When the air is warmer than the skin, convection will transport heat towards the body. As 

far as this temperature difference is a only a few degrees (and humidity below ~ 40%) the 

evaporation will prevent rising of body temperature. Likewise, a hot environment radiates 

towards the body and tends to increase body temperature. 

2. Air humidity; decreases evaporation and increases convection. 

3. Air velocity; increases both evaporation and convection. 

Clothes, especially thick or impermeable clothes reduce heat dissipation along all three 

routes and consequently tend to raise body temperature. 

Mechanical work and metabolism  

The conversion of metabolic energy to mechanical energy has an efficiency of about 25%. 

So 75% of the total metabolic energy required for mechanical work is converted to heat. Con-

sequently work tends to raise body temperature.  

 The basal metabolic rate, being the energy production of the body in complete rest (with 

normal clothing at 20-25 °C), is about 100 Watt in a 70 kg person. A person who delivers 50 

Watt to an external task, for example by riding a bicycle, spends about 200 Watt metabolic 

energy for this task. In addition to the 100 Watt basal metabolic rate he/she produces 300 

Watt. 

Note: workload mostly is expressed as the (total) metabolic rate or energy cost of the body.  

As workload may also be expressed as the externally delivered power, one should be alert  

for confusion between both quantifications. 

 

4.3 Ambient temperature 

Ordinary ambient air temperature is measured with a fluid or electric thermometer in shaded 

area and may be designated as dry bulb temperature (T, 'bulb' denotes the fluid reservoir). It 

gives some indication of a potential problem with heat elimination by a body at work at that 

ambient temperature. A somewhat better indication is the 'heat index'130, a (version of) 'ap-

parent' or 'perceived' temperature. Here an adjustment is made when the relative air humidity 

is above 40%. Example: at T=30°C and relative humidity = 80%, the apparent T=38°C. This 

index neglects the effects of wind and radiation (sun).  

A better indicator of problems with 

heat dissipation is the wet bulb 

temperature (Tw) as not only air 

humidity but also wind speed is 

taken into account131, see Box 4.2.  

The best measure is the 'wet bulb 

globe temperature' (WBGT), which 

also takes radiation into account. 

The latter is done by measuring 

the temperature inside a (dry) 

black copper globe (Tg). In sunny 

open air the radiation may contrib-

ute substantially to Tg and WBGT  

 
130 Heat Index Calculator . For smartphone: OSHA NIOSH Heat Safety Tool - Apps on Google Play or 

OSHA-NIOSH Heat Safety Tool on the App Store (apple.com) (all accessed 2022-01-18). 

131 Tw can also be calculated using T, relative humidity and wind speed instead of using a wet bulb.  

1. Wet bulb temperature, Tw Expert Box 4.2 

The wet-bulb thermometer has its bulb packed in moist ma-
terial. Its temperature, Tw, is lower than the ordinary tem-
perature (T), because of evaporative cooling. Like sweat-
ing, the cooling is favored by low air humidity and by wind. 

2. Wet Bulb Globe Temperature, WBGT  

Outdoors: WBGT= 0.7 Tw + 0.2 Tg + 0.1 T * 
Indoors:   WBGT = 0.7 Tw + 0.3 Tg 

Tg is the temperature inside a black globe.   

* reason might be that part of body is not exposed to sun. 

OSHA Technical Manual (OTM) - Section III: Chapter 4 | Occupa-
tional Safety and Health Administration (accessed 2022-01-19) 

https://www.calculator.net/heat-index-calculator.html
https://play.google.com/store/apps/details?id=erg.com.nioshheatindex
https://apps.apple.com/us/app/osha-niosh-heat-safety-tool/id1239425102
https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://www.osha.gov/otm/section-3-health-hazards/chapter-4
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 (remind the high temperature within a 

black car in the sun). Some apparat-

uses calculate WBGT from measured T, 

Tg and (instead of Tw) relative humidity 

and wind speed (see Figure 4.2)132. 

 
4.4 Work rate 

The USA Ministry of Labor prescribes 

that the metabolic rate of a worker at a 

certain task level is to be considered 

equal to the metabolic rate of a 70 kg person at the same task level (Table 4.1) multiplied by 

the worker's bodyweight/70kg.  

Example: at a work rate that requires 300 Watt for a 70 kg person, a 90 kg worker is sup-

posed to have a metabolic rate of 90/70 x 300 Watt = 386 Watt. For assessment of the ac-

ceptability of this metabolic rate, see 4.6. Note: different opinions exist on how many Watts 

correspond to the labels referring to the work categories in Table 4.1. 

 

Table 4.1 Indication of metabolic rates of a 70 kg worker at several task levels.  

Task level / 
Work Category 

Metabolic rate  
Watts   

 
Examples 

Rest    120 Sitting 

Light    180 Standing, light arm/hand work, occasional walking 

Moderate    300 Normal walking, moderate lifting 

Heavy    415 Heavy material handling, walking at a fast pace 

Very Heavy    520 Pick and shovel work 

Table adopted by OSHA-US from: ACGIH "2017 TLVs and BEIs" Table 3. OSHA Technical Manual 
(OTM) - Section III: Chapter 4 | Occupational Safety and Health Administration 

 
4.5 Acclimatization 

Working in a hot place is facilitated by adequate vasodilatation and sweating. Sweating abil-

ity may differ by a factor of 2 between workers. Appreciable heat-adaptation can be obtained 

by working one to two weeks in a hot environment. Older workers acclimatize less well. Ac-

cording to NIOSH there is no significant gender difference in acclimatization capacity. 

 

4.6 Exposure limits 

The USA Ministry of Labor (OSHA, 2017) partly adopts the ACGIH133 approach in assessing 

whether the combination of the present (WBGT) temperature and the metabolic rate surpass 

the Threshold Limit Value (TLV) or Action Limit (AL), see Figure 4.3. According to ACGIH a  

heat hazard is present for an acclimatized worker above the TLV, and for a non-acclimatized 

worker already above the AL.   

  

 
132 Several 'WBGT meters' only pretend to measure WBGT as they calculate a Tw from just T and rel-

ative humidity but and neglect wind speed; this results in an overestimated WBGT.  

133 The American Conference of Governmental Industrial Hygienists (ACGIH) is well known for devel-
oping exposure limits (TLVs) for workplace exposure (regrettably the information is priced). 

Figure 4.2. WBGT meter (Kestrel 5400 Heat Stress Meter 

(kestrelmeters.com), accessed 2022-04-03). 

https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://kestrelmeters.com/products/kestrel-5400-heat-stress-tracker
https://kestrelmeters.com/products/kestrel-5400-heat-stress-tracker
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The TLV and AL apply for an 8 hour day; however 

the OSHA data require in any hour above 400 

Watt at least 15 min. rest and above 500 Watt 30 

min. The underlying principle of the TLVs and ALs 

is that the thermal equilibrium of the worker should 

be maintained. Note that for heat the meaning of 

'Action Limit' differs from 'Limit Value' as described 

in the sections (1-3) on noise and vibration. 

 In practice the combination of temperature 

and work rate may easily surpass the TLV and AL. 

Fortunately OSHA has an complementary ap-

proach that makes use of specific work/rest regi-

mens at temperatures above the AL or TLV. Table 

4.2 presents these regimens 'reformulated' in a more practical way. Given an environmental 

temperature and a work rate, the maximum duration of work in any hour is shown. The au-

thors of this book recommend to use this table and interpolate the (per hour) work duration 

for work rates between those mentioned. 

The thermal isolation by clothing should be taken into account when using the heat exposure 

limits or recommendations. The limits suppose one layer of permeable clothing, for example 

made of cotton. Bulky or impervious clothing, for example in protection against pesticides, 

requires a restrictive approach. Table 4.3 shows how many degrees should be added to the 

observed WBGT before reading the maximum working time in Table 4.2 (or the maximum 

work rate in Figure 4.3). 

 
134 The reformulated regimens are read (by MV) from a data set evaluation by NIOSH (2016, Figures 

8.1 and 8.2), which was also used by ACGIH. Criteria for a Recommended Standard: Occupational 
Exposure to Heat and Hot Environments (cdc.gov) (accessed 2022-01-19).. 

 
Figure 4.3. ACGIH TLV & Action Limit.  
From: ACGIH "2017 TLVs and BEIs" Figure 2. 

Table 4.2. Maximum duration (minutes) of work in any hour at specified environmental tem-

perature (WBGT), work rate and acclimatization status (reformulated OSHA data134).  

WBGT 

  °C 

 Light Work (200 W) 

      Minutes/hour 

Non-Acclim.    Acclimat. 

Moderate Work (300 W) 

         Minutes/hour 

Non-Acclim.   Acclimat. 

Heavy Work (400 W) 

     Minutes/hour 

Non-Acclim.    Acclimat. 

  32 15 35    << 10 * 10    << 10 *  < 10 * 

  31 30 50 < 10 * 25    << 10 * 10 

  30 45      TLV 15 35 < 10 * 20 

  29 55       60 25 50 10 30 

  28  AL       60 40       TLV 20      45 ** 

  27        60       60 50        60 35 TLV  45 ** 

  26        60       60         55        60 40         45 ** 

  25        60       60         AL        60         45          45 ** 

  24        60       60        60        60         45 **         45 ** 

  23        60       60        60        60   AL  45 **         45 ** 

*  data do not allow to state a time      

** maximum stated by OSHA because of extreme physical strain (400 W) 

https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf?id=10.26616/NIOSHPUB2016106
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf?id=10.26616/NIOSHPUB2016106
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Table 4.3. Cloth adjustment factors (CAF):  CAF 

Clothing Worn  °C 
Work clothes: standard cotton shirt long sleeves and pants, or 
cotton or light polyester c overall, only underwear underneath: 0 

SMS (= Spunbound Melt-blown Synthetic) polypropylene coverall* 0.5 

Polyolefin coverall, example: micro-porous fabric* (e.g., Tyvek™) 1 

Double-layer woven clothing 3 

Limited-use vapor-barrier coverall, example: encapsulating suit,  
whole-body chemical protective suites 11 

* light, strong, breathable, fluid and particulate resistant materials 

Adapted from: OSHA, Techn. Manual, Section III, Chapter 4, Table 2 

If only an ordinary thermometer and a hygrometer are available, the acceptability of a spe-

cific work rate can in principle also be estimated using 'heat stress calculator' that may use 

also a few visually estimated categories of air velocity and radiation, work rate, type of cloth-

ing and some other parameters135. 

 

4.7 Susceptible groups 

Incapacitating conditions are: pregnancy, obe-

sity, febrile disease, diminished cardiac func-

tion; also diminished sweating caused by 

medicines or drugs, use of alcohol, loss of 

body fluid due to diarrhea. Psychopharmaceu-

ticals can induce a rise of body temperature. 

In comparable conditions women tend to have 

a quicker increase of temperature than men. 

 

4.8 Diagnosis 

ILO recognizes: '1.2.6. Diseases caused by exposure to extreme temperatures', but no speci-

fication is given. For heat stroke and heat exhaustion, knowledge of body core temperature is 

helpful. Be aware of conditions that increase susceptibility. When a pesticide worker be-

comes ill during work with organophosphate or carbamate insecticides in a hot environment, 

it may be unclear whether his illness is due to the heat or to the insecticide: sweating, fa-

tigue, headache and confusion are common in both situations. Similar symptoms may occur 

by harvesting wet tobacco leaves: 'green tobacco sickness'. Table 4.4 shows the symptoms 

for differentiation. Intoxication with a neonicotinoid insecticide might be considered as well. 

 

4.9 First aid  

In case of heat stroke136: call emergency telephone number. In case of heat stroke and heat 

exhaustion: start immediately cooling the patient; place worker in a shady, cool area, loosen  

 
135 A rather simple one is  Heat - Heat Stress Calculator | Occupational Safety and Health Administra-

tion (osha.gov), a rather complicated one is Tools & Calculators – AIOH (both accessed 2022-11-

26) 

 
136 https://www.osha.gov/SLTC/heatstress/heat_illnesses.html (accessed 2020-02-22) 

   Heat policy in brief  

- determine WBGT temperature  

- adjust WBGT for clothing worn 

- estimate work rate, adjust for body weight 

- assess heat adaptation status 

- read maximal work duration from Table 4.2 

https://www.osha.gov/heat-exposure/calculator
https://www.osha.gov/heat-exposure/calculator
https://www.aioh.org.au/resources/tools/
https://www.osha.gov/SLTC/heatstress/heat_illnesses.html
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clothing, wet with cool water or ice if available, use air fan. Give worker plenty of water or 

other cool beverages to drink as soon as possible. Stay with worker until help arrives. Watch 

for circulatory shock. If symptoms do not improve within 60 minutes, take to clinic or emer-

gency room for medical evaluation or treatment. 

 

4.10 Prevention 

Heat-related illnesses, while potentially deadly, are easily preventable137. When working in 

hot conditions, remember "WATER, REST, SHADE." Drink water every 15 minutes, even 

when not thirsty. Wear a hat with wide brim and thin, light-colored clothing (cotton recom-

mended). Avoid working during the hottest period of the day. Rest in the shade. A simple, 

even a transportable shelter, can be effective during rest and sedentary work. Be sure to 

watch out for fellow workers and know your location in case you need to call for assistance. 

Get help right away if there are any signs of illness. 

 The following facilities are recommended to employers138. Provide workers with water, 

rest and shade. Allow new or returning workers to gradually increase workloads and to take 

more frequent breaks as they acclimatize for working in the heat. Plan for emergencies and 

train workers on prevention. Monitor workers for signs of illness. 

 

Further information 

1. OSHA-USA. Heat Stress. Technical Manual, (2017) OSHA Technical Manual (OTM) - Section III: 
Chapter 4 | Occupational Safety and Health Administration (accessed 2022-01-19). 

2. NIOSH. Criteria for a recommended standard: Occupational Exposure to Heat and Hot Environ-
ments. 2016. 157 pages (rather detailed). CDC 2016. https://www.cdc.gov/niosh/docs/2016-
106/pdfs/2016-106.pdf (accessed 2018-05-01). 

3 Protect your workers from heat stress (cdc.gov) with specific tips on acclimatization (accessed 
2022-03-12). 

Information for agricultural workers 

Protect yourself from heat stress 2010-114.pdf (cdc.gov) (accessed 2022-03-12) 

 
137 https://www.osha.gov/heat-exposure and https://www.osha.gov/heat/ (accessed 2022-01-19) 

138 Heat - Overview: Working in Outdoor and Indoor Heat Environments | Occupational Safety 

and Health Administration (osha.gov)  (accessed 2022-11-14) 

Table 4.4. Heat exhaustion, anti-ChE insecticide poisoning* and green tobacco sickness 

Observe Heat Exhaustion Anti-ChE insecticide Green tobacco sickness 

Mouth, eyes dry salivation, tears  salivation 

Pulse fast (slow if fainted) slow occasionally slowed 

Nausea present, no diarrhoea present, also diarrhoea present, also diarrhoea 

Pupils dilated narrow may be normal 

Fainting prompt recovery pos-

sible 

coma threatening, can't 

waken 

prostration, usually brief 

* https://www.epa.gov/pesticide-worker-safety/case-pesticide-poisoning (accessed 2020-02-22) 

https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://www.osha.gov/otm/section-3-health-hazards/chapter-4
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf
https://www.cdc.gov/niosh/topics/heatstress/pdf/NIOSH_HeatStressInfographic_print-508.pdf
https://www.cdc.gov/niosh/docs/2010-114/pdfs/2010-114.pdf
https://www.osha.gov/heat-exposure
https://www.osha.gov/heat/
https://www.osha.gov/heat-exposure
https://www.osha.gov/heat-exposure
https://www.epa.gov/pesticide-worker-safety/case-pesticide-poisoning
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5 UV radiation 

In addition to the effects mentioned in Chapter 

(4) Skin Diseases, UV radiation can also pro-

mote cataract. Sunglasses protect depending 

on transmission rate of UV.  

  EU category 2 (18-43% transmission) is 

recommended for medium sun intensity; cate-

gory 3 (8-18%) for strong sunshine, for example 

light reflected on water.  

  Sunglasses with label 'UV400' (USA and 

other countries) should transmit less than 1% of 

wavelengths under 400 nm, including UVB and 

UVA. 

 

Class on Physical factors 

You develop a (broad) policy concerning three farm 

conditions: vehicle use, noise assessment, heat. 

 

Figure 5.1. Five protective measures are needed 
to prevent solar injury ( Sun safety and skin can-

cer | WorkSafe.qld.gov.au , accessed 2022-11-24) 

https://www.worksafe.qld.gov.au/safety-and-prevention/hazards/hazardous-exposures/sun-safety-and-skin-cancer
https://www.worksafe.qld.gov.au/safety-and-prevention/hazards/hazardous-exposures/sun-safety-and-skin-cancer
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Annex 9.1  Evaluation of exposure to noise 

1. A combination of exposure intensity (L, dBA) and duration corresponds to a number of 

points.  

 [Example: an intensity of 96 dBA during 0.5 hour corresponds to 79 points*.] 

2. If several exposures are present on one day, add the points of the individual exposures. 

3. Observe in the multicolored column (going with 8 hours) the location of the resulting sum 

of points. Estimate in the blue column at the right the corresponding L (dBA). This is the 

8h equivalent noise exposure, L(eq8h).  

 [Example: 79 points corresponds to 84 dBA, approaching the upper Action Value.] 

The colors yellow, orange and red apply when the lower Action Value (80 dBA) respectively 

the higher Action Value (85 dBA) and the Limit Value (87 dBA, all OSHA-EU) are exceeded.  

* for a duration not shown, the points can be linearly interpolated. 

 

    L                   L   

  dBA 15 min 30 min   1 h   2 h    4 h    6 h    8 h 10 h dBA   

  105 310 630 1250     10000  105   

  104 250 500 990     7943  104   

  103 195 390 790     6310  103   

  102 155 310 630 1250   5012  102   

  101 125 250 500 1000   3981  101   

  100 99 200 400 790   3162  100   

  99 78 155 310 630 1250  2512  99   

  98 62 125 250 500 1000  1995  98   

  97 50 99 200 400 790 1190 1585  97   

  96 39 79 155 320 630 940 1250  96   

  95 31 63 125 250 500 750 1000 1250 95   

  94 25 50 99 200 400 600 790 990 94   

  93 20 39 79 160 320 470 630 790 93   

  92 16 31 63 125 250 380 500 630 92   

  91 12 25 50 100 200 300 400 500 91   

  90 10 20 40 79 160 235 320 400 90   

  89 8 16 31 63 125 185 250 310 89   

  88 6 12 25 50 100 150 200 250 88   

  87 5 10 20 40 79 120 160 200 87   

  86 4 8 16 31 63 94 125 155 86   

  85 3 6 13 25 50 75 100 125 85   

  84 2 5 10 20 40 60 79 99 84   

  83 2 4 8 16 32 47 63 79 83   

  82 2 3 6 13 25 38 50 63 82   

  81 1 2 5 10 20 30 40 50 81   

  80 1 2 4 8 16 24 32 40 80   

  79 1 2 3 6 13 19 25 31 79   

  78 1 1 2 5 10 15 20 25 78   

  77 0 1 2 4 8 12 16 20 77   

  76 0 1 2 3 6 9 13 16 76   

  75 0 1 1 3 5 8 10 13 75   

     15 min  30 min    1 h    2 h    4 h    6 h     8 h  10 h     
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Annex 9.2  Evaluation of exposure to hand-arm vibration 

1. A combination of exposure intensity (acceleration, a, m/s2) and duration corresponds to a 

number of points.  

 [Example: an intensity of 8 m/s2 during 1 hour corresponds to 32 points*.] 

2. If several exposures are present on one day, add the points of the individual exposures. 

3. Observe in the multicolored column (going with 8 hours) the location of the resulting 

points. Estimate in the column at the right the corresponding a (m/s2). This is the 8h equiv-

alent HAV exposure, a(eq8h).  

 [Example: 32 points correspond to ~ 2.85 m/s2, exceeding the Action value.] 

The colors yellow and red apply when the Action Value (2.5 m/s2) respectively the Limit 

Value (5 m/s2, both OSHA-EU) are exceeded.  

* for a duration not shown, the points can be linearly interpolated. 

 

    a                          a   

  m/s2 
5 

min 
15 

min 
30 

min 1 h 1.5 h 2 h 3 h 4 h 5 h 6 h 8h m/s2   

  40 67 200 400 800         40   

  30 37 115 225 450 680        30   

  25 26 78 155 310 470 630      25   

  20 17 50 100 200 300 400 600     20   

  18 13 41 81 160 245 320 490 650    18   

  16 11 32 64 130 190 255 380 510 640   16   

  15 9 28 56 115 170 225 338 450 560 675  15   

  14 8 25 49 98 145 195 295 390 490 590  14   

  13 7 21 42 85 125 170 255 340 420 510 680 13   

  12 6 18 36 72 110 145 215 290 360 430 580 12   

  11 5 15 30 61 91 120 180 240 300 360 480 11   

  10 4 13 25 50 75 100 150 200 250 300 400 10   

  9 3 10 20 41 61 81 120 160 205 245 320 9   

  8 3 8 16 32 48 64 96 130 160 190 255 8   

  7 2 6 12 25 37 49 74 98 125 145 195 7   

  6 1 5 9 18 27 36 54 72 90 110 145 6   

  5.5  4 8 15 23 30 45 61 76 91 120 5.5   

  5  3 6 13 19 25 38 50 63 75 100 5   

  4.5  3 5 10 15 20 30 41 51 61 81 4.5   

  4.3  2 5 9 14 18 28 37 46 55 74 4.3   

  4  2 4 8 12 16 24 32 40 48 64 4   

  3  1 2 5 7 9 14 18 23 27 36 3   

  2.8   2 4 6 8 12 16 20 24 31 2.8   

  2.5   2 3 5 6 9 13 16 19 25 2.5   

 2.3   1 3 4 5 8 11 13 16 21 2.3   

  2     2 3 4 6 8 10 12 16 2   

  1.5     1 2 2 3 5 6 7 9 1.5   

  1      1 1 2 2 3 3 4 1   

    
5 

min 
15 

min 
30 

min 1 h  1.5 h 2 h 3 h 4 h 5 h 6 h 8h     
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Annex 9.3  Evaluation of exposure to whole body vibration 

1. A combination of exposure intensity (acceleration, a, m/s2) and duration corresponds to a 

number of points.  

 [Example: an intensity of 2.4 m/s2 during 1 hour corresponds to 54 points*.] 

2. If several exposures are present on one day, add the points of the individual exposures. 

3. Observe in the multicolored column (going with 8 hours) the location of the resulting 

points. Estimate in the blue column at the right the corresponding a (m/s2). This is the 8h 

equivalent WBV exposure, a(eq8h).  

 [Example: 54 points corresponds to about 0.85 m/s2, exceeding the Action Value.] 

The colors yellow and red apply when the Action Value (2.5 m/s2) respectively the Limit 

Value (5 m/s2, both OSHA-EU) are exceeded.  

* for a duration not shown, the points can be linearly interpolated. 

 

    a                        a   

  m/s2 
 15  

min 
30 

min 1 h 1.5 h 2 h 3 h 4 h 6 h 8 h 
 
10h 

 
12h m/s2   

  3 21 43 85 130 170 255 340 510 680 850 1020 3   

  2.8 19 37 74 110 150 220 295 450 590 740 890 2.8   

  2.6 16 32 64 96 130 190 255 380 510 640 770 2.6   

  2.4 14 27 54 82 110 165 220 330 440 540 650 2.4   

  2.2 11 23 46 69 91 135 185 275 370 460 550 2.2   

  2 9 19 38 57 76 115 150 225 300 380 450 2   

  1.8 8 15 31 46 61 92 120 185 245 310 370 1.8   

  1.6 6 12 24 36 48 73 97 145 195 245 290 1.6   

  1.4 5 9 19 28 37 56 74 110 150 185 220 1.4   

  1.2 3 7 14 20 27 41 54 82 110 135 165 1.2   

  1.15 3 6 13 19 25 38 50 75 100 125 150 1.15   

  1.1 3 6 11 17 23 34 46 69 91 115 135 1.1   

  1.0 2 5 9 14 19 28 38 57 76 95 115 1.0   

  0.9 2 4 8 11 15 23 31 46 61 77 92 0.9   

  0.8 2 3 6 9 12 18 24 36 48 60 73 0.8   

  0.7 1 2 5 7 9 14 19 28 37 46 56 0.7   

  0.6 1 2 3 5 7 10 14 20 27 34 41 0.6   

  0.5 1 1 2 4 5 7 9 14 19 24 28 0.5   

  0.4 0 1 2 2 3 5 6 9 12 15 18 0.4   

  0.3 0 0 1 1 2 3 3 5 7 9 10 0.3   

  0.2 0 0 0 1 1 1 2 2 3 4 5 0.2   

    
15 

min 
30 

min 1 h  1.5 h 2 h 3 h 4 h 6 h 8 h 

 
10h 

 
12h     
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10 Accidents 
 

International Labor Organization (ILO) states139: 'Agricul-

ture is one of the most hazardous occupations worldwide. 

In several countries the fatal accident rate in agriculture is 

double the average for all other industries. According to 

ILO estimates, agricultural workers suffer 250 million acci-

dents every year and some 170,000 deaths. The intensive use of machinery and of pesti-

cides and other agrochemicals has raised the risks. Available data from developing countries 

shows that there has been an increase in the accident rate in agriculture. Such accidents oc-

cur mainly among migrants and daily workers, as well as women and children whose num-

bers in waged labor are constantly rising.' (Text slightly rephrased) 

 Considering the marginal position of the groups most often afflicted by accidents on the 

farm, a high degree of underreporting is evident. An additional problem is the variation in the 

recording of accidents: often occasional activities that make use of ad hoc categories; for an 

example, see the Appendix. 

 In this chapter an 'occupational accident' is 

understood, in line with ILO, as an unex-pected 

and unplanned occurrence (or an act of vio-

lence) at work which results in a worker's injury, 

disease or death.  

 

1 Accidents and their causes 

 An internationally accepted classification of ac-

cidents is lacking. Box 1 shows the categories 

(wording abbreviated) in use by HSE140 and re-

ferred to by ILO (2012)141  

 Clearly huge differences exist in the distri-

bution of the causes, which depends on local 

agricultural practices. Regional needs exist to 

specify such categories with more details in 

view of preventive activities, for instance the 

type of machinery or the use of sharp hand 

tools (see the Appendix). 

 This chapter will present some examples 

of common accidents. In due cases the effects 

and prevention are mentioned; often these are 

obvious. Within this section, the  (numbered) 

titles refer to the categories in Box-1; a few cat-

egories are not elaborated. 

 
139 Safety and Health in Agriculture ILO (2000) Safety and Health in Agriculture (ilo.org)  Similar state-

ment is still present at: Agriculture: a hazardous work (ilo.org) (both accessed 2022-06-28). 

140 http://www.hse.gov.uk/statistics/causinj/kinds-of-accident.pdf and www.hse.gov.uk/statistics/ta-
bles/ridkind.xlsx (accessed 2021-12-22). Categories are mostly based on 'activities' instead of ob-
jects. A tractor accident may appear in several categories, for example 1, 3 and 6. 

141 Improvement of national reporting, data collection and analysis of occupational accidents and dis-
eases (ilo.org) (accessed 2021-12-22). 

Accidents 

1. Causes, effects & prevention 
2. First aid 
3. General prevention 

Categories of accidents (HSE) Box 1 

1. Contact with moving machinery 

2. Struck by moving/flying/falling object 

3. Struck by moving vehicle 

4. Strike against something stationary 

5. Injured while handling, lifting/carrying 

6. Slips, trips or falls on same level 

7. Falls from a height  

8. Trapped by something collapsing /over-
turning 

9. Drowning or asphyxiation 

10. Harmful substance 

11. Fire 

12. Explosion 

13. Electricity  

14. Animals 

15. Acts of violence 

 Other  

https://www.ilo.org/wcmsp5/groups/public/@ed_protect/@protrav/@safework/documents/publication/wcms_110193.pdf
https://www.ilo.org/safework/areasofwork/hazardous-work/WCMS_110188/lang--en/index.htm
http://www.hse.gov.uk/statistics/causinj/kinds-of-accident.pdf
http://www.hse.gov.uk/statistics/ta-bles/ridkind.xlsx
http://www.hse.gov.uk/statistics/ta-bles/ridkind.xlsx
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_207414/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_207414/lang--en/index.htm
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(1) Contact with moving parts of machinery 

Many accidents occur during the repair or 

adjustment of a machine with moving parts 

that has no shield or it occurs after the 

shield is taken away. A hand, a sleeve or 

loose hairs may be entangled by a driving 

belt or caught in the feeding device of a crop 

processing machine. All sorts of hand-held 

power tools are in this category as well. 

Special attention deserve the following two 

machinery. 

■ The power take-off (PTO) of a tractor (or 

other motor). The shaft transmits the rotation to an implement (Figure 1). At a usual speed of 

500 rpm a yoke can catch and wind 2 meter of textile in 1 second. This may easily result in 

fatal injury (Figure 2). In many countries a PTO shaft guard is obligatory. Several brands are 

available. 

 Never step across or lean over a rotating 

power shaft; instead walk around the trac-

tor, keep at distance yourself and others. 

The reference in Figure 1 contains compre-

hensive and practical information on safe 

use of tractors and implements on farms.  

■ The chainsaw. Use a well-designed ap-

paratus: with quick stop brake, front hand 

guard, kickback reduction, chain catcher, 

etc. For personal protection use: 

• head protection: helmet or hard hat 

• ear (noise) protection 

• eye protection: goggles or face shield 

• hand protection with gloves 

• leg protection with pants and chaps 

• foot protection with safety boots, and 

• cold-weather protection. 

Beware of injury due to a falling tree or branches: observe and warn colleagues and helpers. 

Much information is available on the Internet and in YouTube. 

General recommendation: observe the maximum capacity of machines that process bulk ma-

terials (corn, hay, straw, earth). Do not overload them: materials get jammed. Attempts to re-

start invite for injuries. 

 

(2) Struck by moving / flying / falling object 

Tree, branch, part of a machine, cable, etc. Take care with piling up bales of straw, grass, 

hay. 

 

(3) Struck by moving vehicle 

When a tractor hits a stone, piece of rock etc. the driver may be thrown of (in absence of a 

seat belt) and be overridden by his own tractor. Being hurt or run-over by a tractor that drives 

backward is a quite a common accident on a farm. Often the victims are children or visitors.  

Figure 1. Guard for shaft of power take-off (PTO)  
(Safe use of tractors - guidelines | WorkSafe, ac-
cessed 2021-12-22). 

Figure 2. The cloth of a worker (here a mock-up) may 
be caught by a tractor PTO (https://web.extension.illi-
nois.edu/agsafety/equipment/ptosafety.cfm, accessed 

2021-12-22). 

https://www.worksafe.govt.nz/topic-and-industry/agriculture/farm-vehicles/tractors/safe-use-of-tractors-guide/#lf-doc-35446
https://web.extension.illi-nois.edu/agsafety/equipment/ptosafety.cfm
https://web.extension.illi-nois.edu/agsafety/equipment/ptosafety.cfm
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Also connected implements, for example a mower, 

or trailer can be a cause of accident. An alert 

driver, effective mirrors and a gated playing area 

for children are minimum requirements. 

 

 (5) Injured while handling, lifting, carrying 

Examples are heavy objects which get out of con-

trol during manual transport, sharp hand tools: axe, 

knife, sickle, machete, spade, scythe, crowbar. 

Wounds are easily infected; tetanus can be life 

threatening. When using a high-pressure spray ap-

paratus for cleaning, one may hit a foot, shoe or 

boot from nearby, thus causing a deep wound. Choose gloves and footwear fitted for the job. 

 

(7) Falls from a height 

Falls from a roof, tree, ladder, etc. are among the most common fatal accidents. Use good 

shoes, use well-constructed ladders in the correct way: firm underground, angle with ground 

should be 70 degrees, prevent slipping, consider fixing the ladder before doing the job142.  

 

(8) Trapped by something collapsing / overturning 

This may concern a part of a building, a gate, a vehicle, etc. Notorious are tractor roll-over 

accidents (Figures 3, 4). When the rear wheels of a tractor are externally blocked by a pit, 

beam, rock etc., the strong motor rotates the tractor instead of the wheels, resulting in a rear 

overturn, which easily crushes the driver. The same occurs when a connected trailer is 

blocked by an object (for example branch of a 

tree!) that was passed by the tractor. A roll-over 

protection structure (ROPS) is highly effective in pre-

venting injury or death in the event of an overturn; a 

seatbelt is still required. 

 

(10) Harmful substance 

Pesticides and some other chemicals are common 

causes of serious accidents; these are addressed 

in Chapter 8.  

 Manure gases contain hydrogen sulphide etc., 

which in (semi-) closed spaces may accumulate to 

a high, even life-threatening concentration. Notori-

ous are rescuers who enter such a space and get intoxicated and unconscious themselves in 

a short time (or die). Rescuers must use a breathing apparatus for respiratory protection and 

(or) a life-line held by helpers at safe distance. 

 

(13) Electricity 

A notorious hazard are overhead power lines. For instance, if a tractor fitted with a lifting fork 

hits a power line, immediate death or inflammation may occur. 

 An electric fence to retain animals should be made of smooth wire. If wrongly made of 

barbed wire, a person may get struck, especially in darkness, and get hurt or worse. 

 
142 HSE 'Safe use of ladders and stepladders: LA455 - The Ladder Association (accessed 2021-12-22) 

Figure 3. Rear overturn of tractor without 
ROPS (http://umash.umn.edu/spotlight-rops/, 
accessed 2019-11-22). 

Figure 4. Tractor overturn likely due to the 
blocked trailer. S. Chandrasekar. OEDC 2019, 

Antalya, Turkey. 

https://ladderassociation.org.uk/la455/
http://umash.umn.edu/spotlight-rops/
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Most improvised electricity 'solutions' intended to be fixed later are a permanent danger of 

injury or fire. 

 

(14) Animals 

Injuries by large animals: bull, buffalo, cattle, pig, don-

key or horse. An animal that is frightened, protects 

his/her young or territory, may hurt a worker. The same 

holds for an animal that resists against a commanded 

action or makes an erratic movement. With its exces-

sive weight the animal can seriously crush a person 

against a wall, gate, or vehicle. 

 Also treatments (injection, castration, etc.) can re-

sult in the animal afflicting wounds. When working in a pen with animals, arrange the possi-

bility of a quick escape.  

 Bite by pig, cat, horse, etc.  

The risk of infection is high if bite by cat, bite in hand, wrist, leg or foot, deep bite that cannot 

be cleaned well, damaged tissue cannot be sufficiently removed. In such cases antibiotic 

prophylaxis is recommended.  

 

2 First aid 

See Chapter 1.6 (Activities of BOHS). Wounds should be cleaned with clean water and cov-

ered with ointment mesh. Don't apply disinfectants. If rabies infection is suspected, wash the 

wound 5-10 min. with water and soap; apply ethanol 70%, iodine tincture, or povidone-iodine 

(Betadine®). If possible, assess rabies status of the animal, especially dog, cat, monkey, bat. 

Immediately obtain advice on post-exposure treatment (vaccination, immunisation) to be 

given within a few days. 

Buffalo or donkey                  Box 2 

At some places in the palm oil indus-
try, donkeys have been replaced by 
buffalos, because of their strength, 
milk production and little mainte-
nance compared to donkeys. How-
ever more accidents have resulted. 

 Bite by snake, first aid  Box 3 
o Do not wash the bite and do not apply a tourniquet. Call an ambulance. 

■ Start bandaging directly over the bitten area, ensuring that the pressure over the bite is firm and 
even. If you have enough bandage you can extend towards central parts of the body, to delay 
spread of any venom. 

■ Mark the bandaged area over the snake bite with a X. This will allow the doctor to quickly locate 
the bite without removing the bandage. 

■ Put a splint around the limb to immobilise the limb. 
■ If the bite is to the trunk still apply a firm bandage. 
■ If the bite cannot be bandaged then apply and keep constant firm pressure. 
■ Do not walk! Keep still and remain calm, to prevent the venom to be circulated. 
■ Seek medical assistance immediately. 
■ If the person collapses or stops breathing, you will need to apply CPR (cardiopulmonary resusci-

tation) until medical help arrives. 
 https://farmerhealth.org.au/2014/03/20/snake-bite (accessed 2021-12-22) 

 
 Prevention of snake bites 

• Wear protective shoes or boots. 

• Avoid tall grassy areas. 

• Keep storage areas clear of rodents; store food in rodent-proof containers. 

• Remove rubbish, woodpiles and low brush from around the home. 

• Raise beds above floor level and tuck mosquito nets securely under sleeping mats.  

https://www.betterhealth.vic.gov.au/health/conditionsandtreatments/cardiopulmonary-resuscitation-cpr
https://www.betterhealth.vic.gov.au/health/conditionsandtreatments/cardiopulmonary-resuscitation-cpr
https://farmerhealth.org.au/2014/03/20/snake-bite
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 Tetanus prophylaxis should always be considered; application depends on the time 

since the last vaccination. 

 Antibiotic prophylaxis of wound infections is always indicated in patients without spleen, 

with an artificial heart valve or valve disorder: increased risk of endocarditis; with an artificial 

joint, with diabetes, oral corticosteroids or other conditions with decreased resistance.  

 

3 Prevention 

The elements 3.1 – 3.3 may constitute an accident prevention program by a health center. 

3.1 Accident recording 

Notification of a case of work-related injury to the authorities may be relevant in view of pre-

vention and financial compensation of the worker. Further, accident recording by the health 

center may be considered. Problem is that the development and use of an extensive ques-

tionnaire and database requires expertise and is time-consuming. It may not outweigh the 

potential profit. Moreover, a comparison of the aggregated results with those of other health 

centers or with national data requires that the same system is used.  

 As long as uniformity is 

lacking, it is feasible to keep a 

recording system as simple as 

possible, see Box 4. When the 

collected data indicate a promi-

nent hazard that needs action, 

the center can still approach 

concerned injured workers for 

more information and for delib-

eration on preventive actions. 

3.2 Education 

See Chapter 1.5 (Activities of BOHS).  

3.3 Prevention at the farm.  

Several recommendations are described in Chapter (2) Workplace evaluation and in 'Ergo-

nomic checkpoints in Agriculture'143. Examples: replace machinery, vehicle or tool in time; 

good maintenance, observe instructions of manufacturer, keep materials and roads clean, 

etc. Workers should be well informed and trained regarding the working properties and risks 

of machinery, vehicles, tools etc. Do not hurry, stay alert, know the borders of your abilities, 

ask for advice or a helping hand. 

 

3.4 Legislation 

A practitioner should inform him/herself on relevant elements, for example: 

■ Legal obligations of farmers in relation to employees, and vice versa. 

■ Are farmers obliged to do a risk assessment, or to have it done? 

■ Does a worker receive compensation for days off work and for medical expenses due to 

an accident with injury? 

■ At what age is a child allowed to drive a tractor, on the farm and on public road? 

 
143 ILO. Ergonomic143 checkpoints in agriculture, 2014. wcms_176923.pdf (ilo.org) (accessed 

2022-03-12) Book 234 pages, 100 checkpoints, backgrounds, drawings, recommenda-
tions, also on participatory implementation. Smartphone version: Creating safe and healthy 

workplaces: Ergonomic Checkpoints in Agriculture app (ilo.org) (accessed 2022-03-12). 

Local recording of accidents (draft)                            Box 4 

- Date & place of accident 
- Patient: name, year of birth, address, phone number 
- Employment status: self-employed, seasonal worker, etc. 
- What was the injury, which part of the body? 
- Which category of accident is applicable 
- What was he/she doing at the time of the accident? 
- What went wrong? 
- Was the proper tool or machine being used for the job? 
- Was the tool or machine in good condition? 
- Was the person trained for the job, informed of the hazards? 
- Was the person obeying the safety rules? 

https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/instructionalmaterial/wcms_176923.pdf
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_438083/lang--en/index.htm
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Class on Accidents 

The experience of the participants with accidents will be discussed. Attention will be given to potential 

preventive activities of the local health center concerning agricultural accidents. 

 

Further information 
1 National Centre for Farmer Health, Australia. Many practice leaflets, for example animal handling, 

first aid, machinery, shop with safety materials. https://www.farmerhealth.org.au/safety-centre (ac-
cessed 2019-11-22) 

2. National Agriculture Safety Database (USA) Contains a multitude of experiences and recommen-
dations https://nasdonline.org/browse/204/injury-causes-prevention.html (accessed 2020-03-15) 

3. Farmwise; your essential guide to health and safety in agriculture. For employers, employees and 
the self-employed. It will help you …. reduce injuries and ill health by identifying causes, eliminating 
hazards and controlling risks. http://www.hse.gov.uk/pubns/books/hsg270.htm (accessed 2019-11-
22) 

4. Clear and extensive: New Zealand guide on safe use of tractors: Safe use of tractors - guidelines | 
WorkSafe (accessed 2021-12-22) 

 
Information for agricultural workers 
1. See Further information 1.1 and 1.2 

2. Health, safety and environment: A series of trade union education manuals for agricultural workers. 
This series of manuals has been developed to help union affiliates and others to tackle health, 
safety and environmental problems. ILO, 2004. Health, safety and environment: A series of trade 
union education manuals for agricultural workers (ilo.org) (accessed 2021-12-22) 

 
 
 

  

https://www.farmerhealth.org.au/safety-centre
https://nasdonline.org/browse/204/injury-causes-prevention.html
http://www.hse.gov.uk/pubns/books/hsg270.htm
https://www.worksafe.govt.nz/topic-and-industry/agriculture/farm-vehicles/tractors/safe-use-of-tractors-guide/#lf-doc-35446
https://www.worksafe.govt.nz/topic-and-industry/agriculture/farm-vehicles/tractors/safe-use-of-tractors-guide/#lf-doc-35446
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/training/WCMS_110199/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/training/WCMS_110199/lang--en/index.htm
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Appendix: Recording of accidents; two examples 

A survey (2004-2007) in 7 Indian states144, focussing on machinery, recorded that 31% of all 

reported agricultural accidents (2290) was due to machinery. These are specified in Figure 1.  

Figure 1. 'Other accidents' include snakebites, fall in well, environmental causes, etc. 

 

In an occasional survey (2011) in Thailand145, 'machinery' was recorded under 'Cuts by sharp 

object', see Figure 2. The total number of accidents was not mentioned.  

Figure 2. 'Cuts by sharp object' includes machines 

 

These figures of agricultural accidents illustrate the incomparability of recording systems. 

Comparison of these studies suggest that in the Indian survey tractors are more often in-

volved. This may be due to the presence of more tractors, the condition or the use of the 

tractors (type, duration), the education status of the drivers, etc.. 

A study in (665) rice farmers (Thailand, 2005) illustrates the advantage of detailed recording 

of (approx. 20) causes of accidents and injuries due to rice growing procedures. Examples: 

injuries from hand-operated, motorized ploughing machines were reported by 35% of re-

spondents, injuries from stepping on sharp objects during ploughing by 83% and punctures 

from bamboo sticks during planting by 49%146. 

 
144 Gite et.al., 2010. https://www.researchgate.net/publication/262457121_Farm_machinery_acci-

dents_in_Indian-_agriculture (accessed 2019-11-21)  

145 Data from governmental report (in Thai) extracted by Kaewboonchoo at al., 2011. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5812464/ (accessed 2019-11-21) 

146 Buranatrevedh, 2005. Model Development for Health Promotion and Control of Agricultural Occu-

pational Health Hazards and Accidents in Pathumthani, Thailand (jst.go.jp) (accessed 2022-11-26)  
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https://www.researchgate.net/publication/262457121_Farm_machinery_acci-dents_in_Indian-_agriculture
https://www.researchgate.net/publication/262457121_Farm_machinery_acci-dents_in_Indian-_agriculture
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5812464/
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Surasak+BURANATREVEDH
https://www.jstage.jst.go.jp/article/indhealth/43/4/43_4_669/_article
https://www.jstage.jst.go.jp/article/indhealth/43/4/43_4_669/_article
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11 Personal protective equipment 
 

The necessity and use of several specific personal 

protective equipment (PPE) have been addressed 

in previous chapters. Respiratory protection is pre-

dominantly treated here as it is relevant to several 

chapters: Respiratory diseases (3), Zoonoses (6) and Pesticides and other chemicals (8).  

Further some general aspects and policy regarding PPE are presented to support the health 
practitioner when advising a worker in agriculture or his employer. 
 
1 Respirators 

Respirators147 can be discerned as follows. 

1.1 Filtering face piece  

This respirator (FFP, Figure 1); is a half-mask (a mask that co-

vers nose, mouth and chin) that consists mainly of filtering ma-

terial. It is designed to fit reasonably well on the face and is dis-

posable. Three qualities are discerned; FFP-2 often is the first 

choice. It reduces the particle content of environmental air by 

more than 94%. FFP-3 even provides 99% reduction. If fitted 

with an exhalation valve, the comfort is better. These devices 

are suitable for dry dust only. 

Note: the well-known surgical mask (not: surgical N95 respira-

tor) is intended to protect the patient and environment from the 

wearer's respiratory emissions, in fact droplets. The wearer is 

only protected against large droplets as substantial leakage oc-

curs around the edges. It provides no protection against vapors 

and aerosols. 

 

1.2 Air-purifying respirator  

Here the non-powered air-purifying respirator, often denoted 

APR, is discussed. This elastomeric air-filtering respirator fits 

perfectly on the face if well-cho-

sen and correctly adjusted. It has 

exchangeable filter(s) and / or 

cartridge(s). It is reusable and 

usually has an exhalation valve. 

Unlike to the half-mask version 

(Figure 2), the full-face version 

(Figure 3) also protects the eyes. 

Depending on the type of car-

tridge used, they are suitable for 

dust, aerosols and gases, for in-

stance pesticides (see Chapter 

8.1.10).  

 
147 Comprehensive information in Respiratory Protection - Overview | Occupational Safety and Health 
Administration (osha.gov) 

Personal protective equipment (PPE) 

1. Respirators 

2. Overview of PPE 

3. General aspects & policy 

Figure 1. Filtering facepiece 
(Respiratory Protection | Duke 
Occupational & Environmental 
Safety Office, accessed 2021-
12-04). 

Figure 3. Full face mask 
(5400 Series Full Facepiece | 
Honeywell, accessed 2021-
12-04). 

Figure 2. Half face mask, 
chemical cartridge and partic-
ulate filter (Purifying Elements 
– Pesticide Environmental 
Stewardship (pesticidestew-
ardship.org), OV=organic vol-
atiles, accessed 2021-12-04). 

https://www.osha.gov/respiratory-protection
https://www.osha.gov/respiratory-protection
https://www.safety.duke.edu/occupational-hygiene-safety/personal-protective-equipment/respiratory-protection
https://www.safety.duke.edu/occupational-hygiene-safety/personal-protective-equipment/respiratory-protection
https://www.safety.duke.edu/occupational-hygiene-safety/personal-protective-equipment/respiratory-protection
https://sps.honeywell.com/us/en/products/safety/respiratory-protection/air-purifying-respirator-apr/5400-series-full-facepiece
https://sps.honeywell.com/us/en/products/safety/respiratory-protection/air-purifying-respirator-apr/5400-series-full-facepiece
https://pesticidestewardship.org/respirators/purifying-elements/
https://pesticidestewardship.org/respirators/purifying-elements/
https://pesticidestewardship.org/respirators/purifying-elements/
https://pesticidestewardship.org/respirators/purifying-elements/


 Chapter 11   Personal protective equipment 

  

130 

Note: one should never use an air-purifying respirator (or a PAPR) in an atmosphere: 

■ that is oxygen deficient,  

■ that contains an unknown substance or a substance without warning properties (smell, irri-

tation, taste) as these should warn the user if the cartridge has become saturated, 

■ that contains a concentration of toxic gas above the IDLH limit value (NIOSH), meaning 

immediately dangerous to life or health148. For such high concentrations NIOSH requires a 

breathing apparatus. Examples can be hydrogen sulphide (if >100 ppm) and nitrogen di-

oxide (if >20 ppm).  

 

1.3 Powered air-purifying respirator 

This respirator, often denoted PAPR or positive pressure mask 

(Figure 4), is a device with a mask or face shield and an elec-

tric blower that blows air through a filter to the space before 

nose and mouth. As it creates positive pressure, it needs not 

be tightly-fitting and the filter doesn't add to inhalatory effort. 

The application is similar to the non-powered APRs. 

Further, the breathing apparatus is mentioned, as only this 

respirator can also be used in an atmosphere that is oxygen-

deficient, contains a high  concentration (above the IDLH 

value) of toxic gas, or a warningless substance. Instead of a 

filter, it uses clean air from a self-contained tank (self-con-

tained breathing apparatus, SCBA) or by means of a compres-

sor and air-hose from a non-contaminated space. 

The respirator suitable for the intended substance and task is 

usually mentioned on the product label or in the SDS. A worker who has to use a respirator 

should be medically examined and be approved149. For these workers OSHA has a question-

naire150 available, which is mandatory for employers in USA to present to their employees 

who are invited to wear a respirator.  

 Safe use of respirators, especially putting FFPs on ('donning') and taking them of ('doff-

ing') is well demonstrated in a video151. Regarding maintenance and care of respirators an-

other instructive OSHA video is available152. 

 

1.4 Properties of particle filters153 

For filtering facepieces (FFP) and for solid particle filters (cartridges), requirements are de-

fined by European standards (EN 149 respectively EN 143), see Table 1. In USA NIOSH de-

fines filter classes N95, N99 and N100 that filter (retain) at least 95%, 99% and 99,97% of 

 
148 NIOSH Pocket Guide to Chemical Hazards (2005-149) 3rd printing (cdc.gov) page x (accessed 

2022-11-25). 

149 Instructive video by OSHA: Medical Evaluations for Workers Who Use Respirators - YouTube (ac-
cessed 2021-12-07). 

150 Respirator Medical Evaluation Questionnaire (osha.gov) (accessed 2021-12-07). 

151 Respirator Safety - YouTube (accessed 2021-12-07). 

152 Maintenance and Care of Respirators - YouTube (accessed 2021-12-07). 

153 Mechanical filter (respirator) - Wikipedia dd 21 August 2021 (accessed 2021-09-08). 

Figure 4. Loose-fitting PAPR 
(Powered Air-Purifying Respira-
tor (PAPR) – Pesticide Environ-
mental Stewardship (pesti-
cidestewardship.org), accessed 
2021-12-04). 

https://en.wikipedia.org/wiki/Positive_pressure
https://www.cdc.gov/niosh/docs/2005-149/pdfs/2005-149.pdf
https://www.youtube.com/watch?v=0PAuHfdVimk
https://www.osha.gov/sites/default/files/publications/OSHA3790.pdf
https://www.youtube.com/watch?v=Tzpz5fko-fg
https://www.youtube.com/watch?v=CnF05owDxTI
https://en.wikipedia.org/wiki/Mechanical_filter_(respirator)#Other_standards_(KN95_and_others)
https://pesticidestewardship.org/respirators/air-purifying-respirators/powered-air-purifying-respirator-papr/
https://pesticidestewardship.org/respirators/air-purifying-respirators/powered-air-purifying-respirator-papr/
https://pesticidestewardship.org/respirators/air-purifying-respirators/powered-air-purifying-respirator-papr/
https://pesticidestewardship.org/respirators/air-purifying-respirators/powered-air-purifying-respirator-papr/
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airborne particles that are free of oil. The French Institute Research and Safety154 states that 

those filter properties are checked using an aerosol with a mean diameter of 0.6 µm (range 

0.01 µm – 1 µm, distribution not given). 

 1.5 Respirator fit test 

 OSHA (USA) requires that any worker who has to use a 

respirator should pass a fit test for the type and size of the 

respirator that he is going to use155,156. This holds for both 

FFPs and elastomeric respirators. Loose fitting face shields 

and hoods used in PAPR systems should not be fit tested. 

Tight-fitting respirators should not be worn by workers who 

have facial hair that comes under the sealing surface of the 

facepiece as it increases leakage. 

 Qualitative fit test 

This implicates testing under a hood in which the air is pro-

vided with a challenge substance (Figure 5). This can be an 

odorous vapor (for instance iso-amyl acetate, smelling like 

banana) or an aerosol (for instance saccharine, tasting 

sweet). The examinee should not perceive the added sub-

stance even during speaking loud and during several speci-

fied movements of her head or body. 

Quantitative fit test  

An apparatus measures the environmental and in-mask concentration of a challenge aerosol 

(for example corn oil). The ratio is a measure of inward leakage plus the filter penetration 

(which is small) and is called the 'fit factor'. Manufacturers present protection factors, which 

may be used to select a cartridge that is feasible for the expected atmospheric concentration. 

A FFP2 (N95) mask has a protection factor of at least 100/(100-95 ) = 20, supposing the 

leakage is zero. But if the leakage attains the maximally allowed 8%, the 'protection factor' in 

practice is only 8, a relevant difference157. 

 
154 ed105.pdf (esst-inrs.fr) date not mentioned (accessed 2022-04-04). 

155 Very instructive video: Respirator Fit Testing - YouTube (accessed 2021-12-07). 

156 DHHS (NIOSH) Publication No. 2018-129, Filtering out Confusion: Frequently Asked Questions 
about Respiratory Protection, Fit Testing (cdc.gov) (accessed 2021-12-07). 

157 'Fit factor' has strictly seen a narrower meaning than 'protection factor'. In practice one should verify 
how the mentioned parameters have been defined or determined. 

Table 1. Characteristics of filters 

Class Filter type Filter penetration limit * Inward leakage Typical elastic band 

FFP1 

Mask 

80% < 22% yellow 

FFP2 94% < 8% blue or white 

FFP3 99% < 2% red 

P1 Attachment 

(cartridge, 

canister) 

80% 

Not applicable Not applicable P2 94% 

P3 99.95% 

*  required minimum % of airborne particles retained by the filter (at 95 L/min air flow) 

Figure 5. Qualitative fit test. The in-
vestigator introduces the tube of 
the iso-amylacetate vaporizer 
through an opening in the hood 
(Respirator Face Fit testing - 
Tawsa LTD, accessed 2022-05-
17). 

https://www.esst-inrs.fr/3rb/ressources/ed105.pdf
https://www.youtube.com/watch?app=desktop&v=D38BjgUdL5U
https://www.cdc.gov/niosh/docs/2018-129/pdfs/2018-129.pdf?id=10.26616/NIOSHPUB2018129
https://www.cdc.gov/niosh/docs/2018-129/pdfs/2018-129.pdf?id=10.26616/NIOSHPUB2018129
https://www.tawsa.co.uk/our-services/respirator-face-fit-testing/
https://www.tawsa.co.uk/our-services/respirator-face-fit-testing/
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1.7 Respirator user seal check 

A seal check should be used by the respirator wearer to check if the respirator is being prop-

erly worn each time that it is put on. For a FFP the procedures158 are described by NIOSH. 

With slight modification, each of the following can be applied to an elastomeric mask as well.  

Positive pressure user seal check 

The respirator user exhales gently while covering as much surface area of the facepiece to 

prevent the air to exit through the facepiece. The air in the facepiece should be slightly pres-

surized before the increased pressure causes outward leakage along the edges. This test 

tends to open loose-fitting parts of the sealing surface; therefore it is somewhat more sensi-

tive to leakage than its negative companion, in which loose-fitting parts tend to be better fixed 

due to the inhalation. If the mask is supplied with an exhalation valve, the latter should be 

perfectly closed, which is seldom possible in case of a facepiece.  

Negative pressure user seal check 

The respirator user inhales sharply while covering as 

much surface area of the facepiece to prevent the air to 

enter through the facepiece. The facepiece should col-

lapse slightly under the created negative pressure. This 

test equally applies when the facepiece is supplied with 

an exhalation valve. If the test is applied to an elasto-

meric mask (Figure 6) the filter entrance(s) should be 

covered. 

Both tests will gain validity if they are repeated in the ex-

treme positions after moving the head from side-to-side 

and up and down, and during bending the body. The au-

thors of this book agree with the desirability of a respirator fit test, but realize that in some sit-

uations it is not available. Then the seal check tests, observing the execution during move-

ments, might be used as a relatively simple 'stand in' for the fit test.  

 

2 Overview 

Table 2 presents an overview of PPE referring to the chapters in which the corresponding 

hazards are discussed.  

 

Table 2. Overview of Personal Protective Equipment 

To protect PPE Hazard Chapter 

Head Hat, helmet Sun, heat, rain, insects, falling objects 9, 10 

Eyes Safety spectacles 

Safety goggles  

Face shield  

Sunglasses 

Flying particles, coarse dust 

Chemicals, infectants, objects 

Flying particles, splashes 

Sun, UV  

10 

4, 6, 8, 10 

8, 10 

9 

Ears Ear muffs, ear plugs, etc. Noise 9 

Hand, arm 

Back etc. 

gloves  

cushion 

See skin, hand-arm Vibration 

Whole Body Vibration 

9 

9 

 
158 DHHS (NIOSH) Publication No. 2018-130, Filtering out Confusion: Frequently Asked Questions 

about Respiratory Protection, User Seal Check (cdc.gov) (accessed 2021-12-07). 

Figure 6. Negative pressure user seal 
check (OSHA) (https://www.youtube.-
com/watch?-app=desktop&v=D38-
BjgUdL5U, accessed 2022-04-04). 

https://www.cdc.gov/niosh/docs/2018-130/pdfs/2018-130.pdf?id=10.26616/NIOSHPUB2018130
https://www.cdc.gov/niosh/docs/2018-130/pdfs/2018-130.pdf?id=10.26616/NIOSHPUB2018130
https://www.youtube.-com/watch?-app=desktop&v=D38-BjgUdL5U
https://www.youtube.-com/watch?-app=desktop&v=D38-BjgUdL5U
https://www.youtube.-com/watch?-app=desktop&v=D38-BjgUdL5U
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Table 2. continued  

To protect PPE Hazard Chapter 

Respiratory 

tract 

Filtering Facepiece 

APR- full/half mask, PAPR 

Breathing Apparatus 

'Inert'- / biological dust 

Aerosols, gas (with restrictions) 

Aerosols, gas, oxygen deficiency 

3, 6, 8, 10 

3, 6, 8, 10 

8,10 

Skin of hands 

 

Skin else-

where 

Gloves159 -impermeable 

 -'tough' 

Cloths etc. 

Chemicals, allergens, microbiology 

Mechanical (cut, puncture, etc.) 

Chemicals etc.: see gloves, 

Sun, UV, insects 

4, 6, 8 

10 

4, 6, 8, 10 

4, 9 

Feet Safety shoes / boots 

Rubber boots 

Trauma from below / above feet 

Idem, chemicals, water 

4, 6, 8, 10 

4, 6, 8, 10 

 

3 General aspects  

Next information follows the time-line from the purchase to the replacement of PPE160. 

3.1 Preparing purchase of PPE 

PPE as last resort 

Protection of workers should follow the Occupational Hygiene Strategy, which implies that 

the closer to the source or cause of the hazard, the more effective a measure tends to be, 

see Chapter 2. OSHA requires161 that 'Employers must conduct a hazard assessment to de-

termine if the hazards present necessitate the use of PPE'. 

Legal obligations 

The health practitioner should have global knowledge of the obligations concerning PPE of 

employers and workers, and should have easy access to the existing formal regulations. If 

these regulations lack necessary protective prescriptions, one may argue for PPE on the ba-

sis of required 'good employership' which is present in many laws.  

Specialist advice 

If in doubt, seek advice from a specialist adviser, safety expert, occupational hygienist, sup-

plier or manufacturer. A good relationship with advisers is valuable. For relevant institutions, 

see Chapter (12) Networking in BOHS. We recommend that an interested colleague in the 

health center specializes him/herself in PPE. This may also imply the expertise to examine 

and approve a worker regarding his/her fitness to use respiratory protection. 

Display window 

It is recommended that a health center has a display window to show the more common 

PPE, of course specimen of sufficient quality. The presence of the devices therein empha-

sizes their benefit and necessity for a worker who consults the health center. The display 

also lowers the threshold for buying. Such a window (and a sign 'When at risk, use these …') 

present in the waiting room will promote that patients realize that PPE are self-evident in 

many jobs/tasks. A list with addresses where the PPE can be bought at reasonable price 

should be available for workers interested.  

 
159 Valuable information on the use of gloves, e.g. on chemical resistance and on removing gloves 

safely is presented in Gloves for Handling Pesticides (unl.edu) (2020, accessed 2021-09-11). 

160 Partially adapted from INDG174 Personal protective equipment (PPE) at work (hse.gov.uk) A brief 
guide (2013, accessed 2021-09-10). 

161 Personal Protective Equipment : USADA ARS (accessed 2021-11-04). 

https://extensionpublications.unl.edu/assets/pdf/g1961.pdf
https://www.hse.gov.uk/pubns/indg174.pdf
https://www.ars.usda.gov/northeast-area/docs/safety-health-and-environmental-training/personal-protective-equipment/
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 In this context the health center may urge the regional governmental information center or 

labor inspectorate to create a shop162 that sells a choice of qualified PPE. 

Selection  

In addition to effectiveness concerning its goal, the equipment should suit the worker in his 

practice. So discuss with him the advantages and drawbacks in performing specific tasks. 

Does the PPE introduce a risk, for instance by hampering communication? Is the PPE ad-

justable to properly fit each worker concerned? Take into account the time that it has to be 

worn. If more PPE than one should be used simultaneously, check that they don't disturb 

each other's functioning. 

Utilization, psychological factors 

Workers, especially those with many years in their job, have a professional sense of pride. 

They may consider the health practitioner as an outsider and be reluctant to follow his/her 

recommendations to change over to the use PPE or to change the PPE that they are familiar 

with. It is advantageous when the practitioner can mention own experience with PPE, or 

mention experience of farming family members, or mention years of own advisory activities. 

Anyway, an open attitude and good listening to the farmer is crucial as is the point that the 

worker him(her)self should really feel convinced.  

 It may help to notice that using the mask, gloves or another PPE demonstrates profes-

sionalism, being a well-informed worker, being a respected employer or employee. Also that 

experience has shown that one gets used to it and that discomfort subsides. The advisor 

may mention the complaints or diseases that endanger the worker when not using the cor-

rect PPE. The potential loss of productivity due to disease likely will be more costly than the 

price of the proposed PPE. 

3.2 Use of PPE 

Personal (P)PE 

If workers have (a set of) PPE exclusively at their own disposal, 

possibly in an own locker, they likely will be more inclined to use 

them and to treat and maintain them more carefully.  

Documented procedures 

On the farm in an easily accessible place, papers or posters are 

present that cover the next seven aspects for each PPE in use. 

Warning signs at the entrance of the places concerned, will remind that PPE should be used. 

Information 

The worker should know the properties and limitations of the PPE to be used. Check the 

manufacturer's instructions concerning the devices and prepare a simple adaptation for prac-

tice, especially for partially literate workers or those not familiar with the local language. Em-

ployees should be encouraged to report when they have questions or when something goes 

wrong in using a PPE: a defect or a problem in performing the task. 

Practice instruction 

Some PPE should be used in a training session as if a real exposure was present. This may 

concern clothes / gown / apron, respirator, goggles, gloves, boots, etc. that should protect 

against chemicals, dust or microbiological contamination. Taking off such contaminated PPE 

 
162 For inspiration, see Shop | National Centre for Farmer Health (Australia, accessed 2021-11-04) 

Figure 7. Safety Goggles 
Scope II | National Centre 
for Farmer Health (ac-
cessed 2021-12-07) 

https://farmerhealth.org.au/shop
https://farmerhealth.org.au/product/safety-goggles-scope-ii
https://farmerhealth.org.au/product/safety-goggles-scope-ii
https://farmerhealth.org.au/product/safety-goggles-scope-ii
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requires a strategy and experience163. All respiratory PPE require some 'sham' use, for in-

stance to check the fit164 and seal (section 1.6 and 1.7). Employees should be able to 

demonstrate an understanding of the training. 

Use 

The conditions that require the use of a specific PPE should be described as well as the 

maximum duration. Persons excluded from use should be mentioned. 

Cleaning and Storing 

Cleaning may include disinfection, especially in case of different users. Cleaning instruction 

of PPE may be needed also for persons who are not involved in the use, for instance per-

sons laundering contaminated cloths. PPE should be stored in an assigned place, preferably 

a clean, dry, non-hot cupboard. Locking may be desirable. 

Maintenance and replacement 

Have at hand correct replacement parts, especially respirator filters. If more PPE devices of 

a certain type are in use, consider to keep one available for replacement. If a job task 

changes, the PPE may also need to be adapted or changed 

Monitoring of use, of cleaning, etc. 

This is a task for an employer, chief, or head of the household. Check that PPE are used. If 

not, find out why. Keep records of purchase and repair, mentioning the contact information of 

the retailer and repairer. Adapt procedures if needed. This task may be delegated to a spe-

cific person. 

 

Class on PPE 

The teacher brings a sample of various PPE, maybe different qualities of any specific type of PPE. 

The participants can discuss their purpose and exchange experience. Respirator user seal tests may 

be performed 'live'. The main message in the OSHA videos mentioned in this chapter, especially on 

'Medical evaluations …' may be summarized and discussed.  

 

Further information 
'Guide to respiratory protective equipment' is a  practical booklet on respiratory equipment by the 
Health and Safety Authority, Ireland. Layout 1 (hsa.ie) (accessed 2021-12-23)  
 
Information for agricultural workers 
Health and safety in farming operations: Personal protective equipment (PPE) on farming operations | 
Ontario.ca (accessed 2022-11-14) A sort of schedule, to be adapted.

 
163 Useful poster (English and Spanish): Sequence for Donning Personal Protective Equipment (PPE) 

(cdc.gov) (accessed 2021-11-04) 

164 Useful fitting instructions for several types of masks: Page 2 : USADA ARS (accessed 2021-11-04) 

https://www.hsa.ie/eng/Publications_and_Forms/Publications/Chemical_and_Hazardous_Substances/Respiratory%20Protective%20Equipment.pdf
https://www.ontario.ca/document/health-and-safety-farming-operations/personal-protective-equipment-ppe-farming-operations
https://www.ontario.ca/document/health-and-safety-farming-operations/personal-protective-equipment-ppe-farming-operations
https://www.cdc.gov/HAI/pdfs/ppe/ppeposter148.pdf
https://www.cdc.gov/HAI/pdfs/ppe/ppeposter148.pdf
https://www.ars.usda.gov/northeast-area/docs/safety-health-and-environmental-training/personal-protective-equipment/page-2/
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12 Networking in BOHS 
 

A practitioner in primary health care who starts 

providing BOHS is enlarging his/her working field 

regarding occupational diseases and the elimi-

nation of the causes. This part of health care 

regularly requires calling in the knowledge and 

skills present in organizations and other profes-

sionals. So easy entry to and collaboration with one's colleagues and relevant experts is in-

dispensable. It will also add to one's own expertise. A well-functioning network promotes the 

quality of the center's health care. This chapter ends with a few remarks on legal aspects. 

 

1 The health care team  

The primary or community health care team involved in BOHS may consist of a specialized 

nurse, a doctor, a safety/technical expert, a community health worker, health volunteers, etc. 

Preferably, the team has regular meetings on ongoing activities and problems that appear. 

Quality monitoring of the delivered BOHS at due time is self-evident (Chapter 1.7).  

A network of primary health care practitioners in adjacent locations who are involved in 

BOHS as well, can stimulate learning from each other. Invitation of PHC practitioners not yet 

involved in BOHS can help expanding the BOHS approach. A digital newsletter including on-

going activities, developments and experiences concerning agriculture and health, can have 

an useful function in such a network. 

Health volunteers often have good contact with farmers and workers. This is an ad-

vantage especially for the initiation of preventive activities. Their contribution can be valuable 

and should be highly esteemed, for instance by involving them in activities, problem solving,  

policy development, and by offering yhem training facilities and committed support. 

 

2 Stakeholders in occupational health care  

Ministries of labor, of health, of agriculture 

Task: laws and regulations pertaining to agriculture, finances, exposure limits, registration of 

occupational diseases, agricultural chemicals and pesticides; social security regulations, in-

formation and education, etc. 

Labor inspectorate 

Task: inspection of work places, handling of signals on hazards at work. 

National institute for occupational health and safety (such as NIOSH in USA)  

Task: research, advising to government, development of guidelines, quality surveillance, ed-

ucation, information dissemination (maintain OSH165 website etc.), provide apps, statistics, 

registration of occupational diseases and accidents, specialized laboratory facilities. 

District Institute with expert team for OSH  

Task: health surveillance programs, complex interventions, diagnostic and lab facilities, risk 

assessment facilities, support to subdistrict practice, education, posters, leaflets, visits to  

encourage primary health care centers. In some countries the district-, regional- or province-

level hospital is the home for an OSH expert. 

 
165 OSH: Occupational Safety and Health. OHS: Occupational Health and Safety or Occupational 

Health Service. 

Networking in BOHS 

1. The primary health care team 
2. Stakeholders in ccupational health care 
3. Stakeholders in eneral health care 
4. Other stakeholders 

5. Some legal aspects 
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Occupational Health Service  

Such a service can be part of a specific enterprise or 

group of enterprises; it can also be independent and 

supply services to many enterprises. Occasionally a 

PHC team provides BOHS for a local enterprise. 

Task: preventive, and often curative, care for workers 

and companies, primarily regarding work-related 

problems. It should have good knowledge of the spe-

cific work conditions in the enterprise and have skills 

in the application of occupational health care tools 

(Chapter 1). 

Occupational physician, occupational health nurse 

Usually employed by an occupational health service 

or governmental institution, for which they execute 

the task. 

Occupational hygienist, safety expert, ergonomist 

Employed by an occupational health service, governmental institution or self-employed. 

Task: workplace evaluation, assessment and control of health hazards, workplace comfort; 

work performance and productivity may be included. Have a good relationship with at least 

one occupational hygienist and one safety expert, for consultation and participation in difficult 

cases.  

Professional association of occupational physicians, occupational health nurses, occupa-

tional hygienists, safety experst, ergonomists 

Task: promoting the quality of the activities of their members (and non-members). 

'Knowledge broker' 

This is an expert in finding information, especially on the Internet. A few have specialized in 

occupational health; they may be found in academic institutes and hospitals. 

Regional or national clinic for occupational health  

Task: the medical specialists diagnose and treat the workers with the more complex occupa-

tional diseases in their discipline and provide vocational rehabilitation services. 

Regional office for social security  

Task: provides work disability pensions; in several countries they are supposed to support 

prevention. 

 

3 Stakeholders in general health care 

Hospitals with medical specialists (on district, regional or province level) 

Task: the specialists, supposedly having expertise in work-related diseases and rehabilita-

tion, are available for diagnosis and treatment of workers referred because of diseases that 

may be work-related, for example hearing impairment, respiratory-, skin- and zoonotic work-

related diseases. Also for complex vocational rehabilitation of workers after an accident or 

with a handicap that resulted from disease. 

Public health service (from local to state level) 

Poison Information Center 

 

Figure 1. National institutes of occupational 
safety and health are valuable partners of 
primary health centers in implementing 
BOHS. (TOSH , accessed 2022-10-31). 

https://www.tosh.or.th/index.php/component/content/article?id=144
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Veterinarian 

For consultation if a worker and or his animals are suspected of a zoonosis, and when ani-

mal medicines, feed or manure may interfere with a worker's health.  

Professional association of physicians 

Patient organization focused on specific diseases 

4 Other stakeholders  

Occupation related 

-  agricultural enterprises in which workers are employed, 

-  trade unions; one of their key roles is striving for healthy 

working conditions, 

-  Health and safety (H&S) representatives of workers' or-

ganizations or employees, 

-  farmers' and peasants' co-operatives; they may offer a 

feasible entrance to those affiliated,  

-  employers' organizations,  

- branch organizations, 

-  chamber of commerce, 

-  safety personnel of local workplaces.  

Social institutions and organizations:  

-  legal aid center, for example to avoid a conflict of a health center with worker or employer, 

or a conflict between worker and employer, 

-  schools, especially those offering vocational training for agriculture, 

-  social security institutions that are committed to health and safety at work, 

-  provincial and municipal authorities. 
 

Agricultural consultants at ….. 

-  specialized consultancies, 

-  universities, 

-  training institutions, 

Commercial firms, including Internet shops 

-  (associations of) producers of machinery and tools,  

-  providers of pesticides and other chemicals, 

-  providers of personal protective equipment (gloves, respirators, etc). 

 

5 Some legal aspects 

Laws and obligations regarding workers' health differ among countries. Figure 3 shows some 

relevant relations. Laws on labor or employment settle mutual responsibilities and obligations 

of workers and employers. They also settle requirements to workplaces and working  

conditions, often specified for categories of agricultural work. Such requirements may also be 

included in laws on food or food production.   

 There may be laws on health care that have special articles concerning situations in agri-

culture. For instance, the EU has an official policy on patient safety regarding MRSA. Hospi-

tals have to check for MRSA in patients who receive an invasive treatment and they have to 

notify MRSA carriers to the authorities.  

 

Figure 2. A legal aid center can col-
laborate in the process of imple-
mentation of preventive measures 
(Legal Aid Centre (slsh.edu.in), ac-
cessed 2022-10-29). 

https://www.slsh.edu.in/legalaidcentre
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Some important legal regulations regarding 

workers' health refer to: 

■  The principle that the employer is re-

sponsible for safe and healthy work con-

ditions for employees and other work-

ers166. This implies providing adequate 

information and education on safety and 

health. It also implies collaboration with 

external safety & health experts when 

needed. 

■ The presence of sufficient specified 

standards for work conditions in agricul-

ture such as limit values for chemicals, 

noise, lifting weights, temperature, etc. 

■ Requirements to producers and sellers regarding the safety and safe use of tools, ma-

chines, vehicles and materials, for example pesticides. This implies ample, user-friendly 

information and instructions. 

■ Adequate prescriptions and inspections of health protection measures by the labor inspec-

torate. Inspections also on request of workers, farmers or a health center. 

■ Registration of occupational diseases and accidents.  

■ The protection of employment status when workers report working conditions that are 

threatening to health or safety. 

■ Compensation of a worker's medical expenses and income loss in case of occupational 

disease or injury; support in rehabilitation and re-education. 

■ Social security regulations regarding income loss in case of temporary or permanent work 

disability without work being a causal factor. 

A serious problem regarding legal aspects is that in many countries a large part of the work-

ers in agriculture are informal workers. The majority of them are, formally or in practice, 

barely protected by laws concerning working and employment conditions and social security. 

 

Class on Networking 

Assignment: Record the stakeholders by task, address and if possible by (sur)name, whom you know 

in your own working area. Evaluate and exchange experiences. 

 

Further information 
The ILO Convention report (Nr 184) concerning Safety and Health in Agriculture (2001) agreed on rec-
ommendations that all countries should incorporate protective regulations in their national laws. Con-
vention C184 - Safety and Health in Agriculture Convention, 2001 (No. 184) (ilo.org) (accessed 2022-
03-12).  

The book 'Safety and Health in Agriculture', 2011, complements this convention: wcms_161135.pdf 
(ilo.org) (accessed 2022-03-12)

 
166 Alli BO. Fundamental principles of occupational Health and Safety. 2nd Ed. International Labour 

Office, Geneva, 2008. http://www.ilo.org/global/publications/ilo-bookstore/order-
online/books/WCMS_093550/lang--en/index.htm (accessed 2021-12-20). 

Figure 3. Basic knowledge of legal relationships is in-
dispensable for practitioners in health care. 

https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_ILO_CODE:C184
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_ILO_CODE:C184
https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/documents/normativeinstrument/wcms_161135.pdf
https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/documents/normativeinstrument/wcms_161135.pdf
http://www.ilo.org/global/publications/ilo-bookstore/order-online/books/WCMS_093550/lang--en/index.htm
http://www.ilo.org/global/publications/ilo-bookstore/order-online/books/WCMS_093550/lang--en/index.htm
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13 Information resources 
 

In his daily contacts with workers the practitioner will face 

questions on occupational health for which information must 

be obtained that is not yet known to him. For instance, the 

symptoms or disease of a worker may raise the question what 

causal factors could have played a role. To inform oneself, it 

is important to know the stakeholders and their expertise in 

the region where the practitioner is working (Chapter 12). 

Moreover, he/she should be able to find reliable information in books or on the Internet. In-

forming oneself of recent insights concerning a 'new' question in one's practice promotes the 

quality of the health care. 

 

1 Use of search terms  

For a successful Internet search, one has to choose effective search terms. Box 1 shows 

three important categories: the population, the intervention and the outcome. 

Example 

The question to start with might be: 

can the nephropathy in this agricul-

tural worker have been caused by his 

exposure to herbicides? The catego-

ries mentioned point to the search 

terms: 'agriculture', 'herbicide', 

'nephropathy'. One should realize 

that 'agriculture' will exclude data on 

nephropathy by herbicides as observed in for example factory workers. So, one should con-

sider also exploring the results without the restriction by 'agriculture'. Furthermore, replacing 

'herbicide' by the specific substance that was used by the worker, can make the search more 

informative. The same holds for a more specific diagnosis regarding the kidney disease. 

 

2 Remarks on searching 

Figure 1 shows the central ele-

ments involved in Internet search-

ing. Dedicated websites operate a 

search engine that approaches 

one or more specific databases 

(approach 1 in Figure 1). This may 

be an advantage, but sources out-

side these databases are not ac-

cessed.  

 'General' search engines, like 

Google and Yahoo approach the 

whole Internet. The resources 

found may include the (dedicated) 

websites of organisations that are relevant for your search (approach 2 in Figure 1). A con-

cise treatise is presented in 'Where to Find Evidence-Based Information on Occupational 

Safety and Health?', see Further Information.  

Information resources 

1. Use of search terms  
2. Remarks on searching 
3. Reliable online sources 
4. Reliability of information 
5. Relevance of information 

Search terms: three useful categories Box 1 

Population patient, specified by disease, 
   worker, specified by occupation 

Intervention therapy; prevention; exposure 

Outcome (reduction of) disease or exposure 

Other search terms 'diagnosis', 'prognosis', 'preva-
lence', etc. 

        
Figure 1. In Approach 1 the user goes to a dedicated website with 
its own search engine; in  approach 2 he uses a 'general' internet 
search engine which searches the whole Internet. 
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The valuable search engine PubMed167 has user-friendly instructions for beginners168.  

The following facilities and properties refer to only part of the search engines. 

1. In a search command 'OR' means that the result should meet at least one of the search 

terms that are connected by 'OR'. A space (or comma) usually denotes AND, meaning 

that the result should meet all search terms that are connected by 'AND'. 

2. A word combination between quotation marks (" ….   .… ") usually means that this exact 

combination will be used as search term. 

3. Choose search terms as specific as possible, to avoid spurious results. 

4. To retrieve an article in a database, it is indexed by 'index terms' from a standard set. 

Preferably, use them as search terms. In PubMed these are called: 'Medical Subject 

Headings' (MeSH terms). They can be searched for in the special MESH register.  

  Be aware that the index term used may differ from your search term, for example 

'abortion' instead of 'miscarriage'. Often the database uses the plural as index term, for 

example 'farmers'. So use 'farmer OR farmers'. However, a search engine may suggest or 

spontaneously add the plural. 

5. Often an article is supplied with keywords by the author. Observe the keywords of suitable 

articles found; these may be feasible as search terms.  

6. Most databases allow to filter the search results by publication year, for example 'after 

2010', or by type of article, for example 'review' or 'guideline'. One may add 'pdf' to the 

search terms, which results in mainly reports and articles. Adding 'ppt' produces  

 
167 Apart from being a search engine, PubMed is a citation database comprising more than 34 million 

abstracts of biomedical, health and life science articles. The citations may include links to the full 
text in PubMed Central and to the publishers' website.  

 PubMed Central (PMC) is a free entrance database of full text peer-reviewed scientific literature in 
biomedical, health and life sciences. Some Open Access journals send all their articles to PMC. 

168 Help - PubMed (nih.gov) 

Figure 2. Result of PubMed search 'How can I diagnose a patient who may have Hantavirus disease?'  
In top are the user's search terms.  After restriction to 'Review in the last 5 years' (yellow strip) 26 results ap-
peared. The content of articles, here article number 1 (free article), is indicated in brief.   (Diagnosis hantavirus 
disease - Search Results - PubMed (nih.gov) , accessed 2022-10-29). 

https://pubmed.ncbi.nlm.nih.gov/help/
https://pubmed.ncbi.nlm.nih.gov/?term=Diagnosis+hantavirus+disease&filter=pubt.review&filter=datesearch.y_5
https://pubmed.ncbi.nlm.nih.gov/?term=Diagnosis+hantavirus+disease&filter=pubt.review&filter=datesearch.y_5


 Chapter 13   Information resources 
  

 

 
142 

 

 Powerpoint presentations; adding 'abstract' produces articles.  

7. It is advantageous to use websites, databases, reviews, guidelines and reports issued by 

a respected institution. The organizers or authors have already judged and selected  the, 

sometimes comprehensive, material and may present their conclusions. 

8. Using a website, database or search engine that specifically concerns your search ques-

tion is effective. However, a general search engine, for example Google or YouTube, may 

find valuable information that is not in that specific database.  

 

3 Reliable online sources 

Online Books  

Example: 'Farmwise; your essential guide to health and safety in agriculture'. Health and 

Safety Executive, 3 ed. UK. 2017169. Book, 52 pages. For employers, employees and the 

self-employed working on farms. Other online books have been mentioned in preceding 

chapters 

Websites: See Box 2 (all accessed 2021-12-21) 

Reliable websites with information related to agriculture  (alphabetically)  Box 2 

ATSDR, Agency for Toxic Substances and Disease Registry: 
   https://wwwn.cdc.gov/TSP/index.aspx 

Australian National Centre for Farmer health: https://www.farmerhealth.org.au/  

CCOHS, Canadian Centre for Occupational Health and Safety: www.ccohs.ca 

Cochrane Institute (systematic reviews) on work and health: http://work.cochrane.org 

IARC, International Agency on Research of Cancer: IARC: Home (who.int) and 
   http://monographs.iarc.fr/ENG/Classification/ 

ILO, International Labour Organisation: www.ilo.org 

HSE, Health & Safety Executive (UK), for example with focus on agriculture: 
   http://www.hse.gov.uk/pubns/guidance/agseries.htm and useful publications: 
   https://www.hse.gov.uk/pubns/agindex.htm 

MedlinePlus; Pesticides https://medlineplus.gov/pesticides.html  

NASD, National Agriculture Safety Database: NASD - National Ag Safety Database 
(nasdonline.org) 

NIOSH, National Institute for Occupational Safety and Health (USA), for example with 
focus on agriculture: https://www.cdc.gov/niosh/programs/agff/ 

OSHA-EU, Occupational Safety and Health Admin. EU https://osha.europa.eu/en  

OSHA-USA, Occupational Safety and Health Admin. USA https://www.osha.gov/  

PubMed, Publications in Medicine: www.ncbi.nlm.nih.gov/pubmed 

SALTRA (SALud, TRabajo y Ambiente) Health, Work and Environment (Central Amer-
ica, Spanish) http://www.saltra.una.ac.cr/ 

 

Websites of national professional or patient organisations 

These may contain useful information.  

Websites not related to official institutions.  

 
169 https://www.hse.gov.uk/pubns/books/hsg270.htm (accessed 2020-01-20). 

https://wwwn.cdc.gov/TSP/index.aspx
https://www.farmerhealth.org.au/
http://www.ccohs.ca/
http://work.cochrane.org/
https://www.iarc.who.int/
http://monographs.iarc.fr/ENG/Classification/
http://www.ilo.org/
http://www.hse.gov.uk/pubns/guidance/agseries.htm
https://www.hse.gov.uk/pubns/agindex.htm
https://medlineplus.gov/pesticides.html
https://nasdonline.org/
https://nasdonline.org/
https://www.cdc.gov/niosh/programs/agff/
https://osha.europa.eu/en
https://www.osha.gov/
http://www.ncbi.nlm.nih.gov/pubmed
http://www.saltra.una.ac.cr/
https://www.hse.gov.uk/pubns/books/hsg270.htm
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These should be checked critically: Was the information originally published in a reliable con-

text and of recent date? Does the site owner have any financial interest?  

Journals 

Unfortunately, many articles in the authoritative journals are only available as full text for sub-

scribers or after payment. However, free-of-charge access ('Open access') is increasingly 

common nowadays. This may be applicable to national journals of professional or patient or-

ganisations.  

 

4 Reliability of the information 

In the context of information on humans regarding their health, reliability indicates the degree 

in which the information and conclusions correctly (and sufficiently comprehensively) reflect 

reality, i.e. the situation and course of events of those humans.  

Relevance of information is the degree in which the information and conclusions are applica-

ble to the subject or problem of the questioner.  

The practitioner himself can apply some preliminary checks to get an impression of the relia-

bility of a publication. Box 3 presents ten checks. The first six of these do not require exper-

tise of the questioner and disregard the factual content of the data. For the last four some 

specific knowledge is needed. 

Reliability of online information sources on health  Box 3 

Suggestions by Max Lum* (adapted, 'grass root criteria') 
 1. The publisher and/or author are mentioned. 
 2. A sponsor of the project is mentioned. 
 3. The original source of the information is mentioned. 
 4. A medical expert has checked the information. 
 5. The information is recent. 
(6. The privacy of the persons described is respected. 
 
Further checks (using expertise of the questioner): The information … 
7. is produced/presented by a renowned authority. 
8. agrees with other (renowned) sources. 
9. sgrees with pre-existing knowledge of the questioner. 
10. Is 'complete' 

* National Cancer Institute, USA; from a hand-out in Brescia University (It) 2015 

Further, the three categories of search terms mentioned in section 1, imply checks regarding 

the reliability of a publication.  

 ■ Population. Has the selection of the individuals been performed and has the studied group 

been described so that it most likely resembles the population that was intended (and re-

quired) to be 'caught'? 

  Has an appropriate, which means: comparable, control group been studied, as a refer-

ence for the outcomes found in the intervention, exposed or patient groups? 

■ Intervention / exposure. Has it qualitatively and quantitatively (intensity and duration) been 

described so that it most likely reflects the real situation? 

■  Outcome. Has it qualitatively and quantitatively been described, indicating the proportion 

of the workers / patients in whom that outcome was observed, so that it most likely reflects 

the real situation?  

The Appendix contains some more checks. 
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5. Relevance of the information 

The categories of search terms mentioned in section 1, imply checks regarding the relevance 

of a publication for the problem or for the worker(s) concerned. 

■  Does the described Population sufficiently resemble the worker(s) concerned? 

■  Does the described Intervention sufficiently resemble the intervention that is considered, 

or the exposure resemble the actual exposure of the worker(s) concerned? 

■ Is the Outcome the same as intended to be obtained by the intervention, or the same as 

the disease of interest in the worker(s) concerned? 

If the answers are 'yes', then the conclusion of the study in principle applies to the worker(s) 

who gave rise to the search, provided that the study is reliable.  

Some uncertainty always remains, especially regarding the extent of the effect that is to be 

expected in this worker or group. The practitioner may discuss with the worker(s) and the en-

terprise the consequences of the search results.  

 Other aspects related to the quality of a publication are: logical structure of the infor-

mation, presence of informative figures and tables, absence of unnecessary details, easy un-

derstandable language. 

 

Class on Information resources 

Starting from an imaginary worker with a disease that might be work-related, participants will be invited 

to collect and judge information on the Internet.  

 

Further information 

van Dijk F, Caraballo-Arias Y. Where to Find Evidence-Based Information on Occupational Safety and 
Health? https://doi.org/10.5334/aogh.3131 (accessed 2022-03-14)    

Example Reliability 

The primary health center intends to notify the authorities that a grain worker's chronic bronchitis is 
of occupational origin. An article on chronic bronchitis due to grain dust is considered in the argu-
mentation. The data for reliability suggested here are not complete and some are overcharged. 

■ Population. All workers of a group that has been exposed should have been examined, including 
those who have left working in agriculture. The more non-participants, the lower the reliability. 

 Control group. Workers of the same age, with a similar job, but no grain dust exposure, and with 
about the same (non grain) causes of bronchitis.  

■ Exposure. Grain dust average (and distribution) as mg/m3 in air of two relevant classes of parti-

cle size, distribution of duration as 'total days', endotoxin content of the dust. 

■ Outcome. Type and severity of physical signs including those of emphysema, FEV6,   
FEV1/FEV6, type and degree of complaints, extent of specific problems with daily activities. 

Examples Relevance  

1. Will a new method of washing fruits, reduce the occurrence of contact dermatitis in a factory 
population? An article describing the intended washing method, reported a reduction of sick 
leave and an increase of productivity. However, many factors influence sick leave  and produc-
tivity. Without specific information, the relevance for contact dermatitis is negligible. 

2. Is your patient's typical small-cell lung carcinoma due to her work with soil disinfectants? If in 
an article with relevant exposure, the carcinomas are not specified, this reduces its relevance. 

3. Continuation of the reliability example. Suppose that the article reliably demonstrates that 300 
days of exposure to 2 mg/m3 caused chronic bronchitis. The  involved grain worker processed 
during 400 days the same type of grain in the same manner as described in the article. So the 
article likely is relevant to classify the worker's disease as work-related. 

https://doi.org/10.5334/aogh.3131
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Appendix. Additional checkpoints for the quality of an article (some expertise needed) 
 

The following checkpoints apply to quantitative descriptions of properties in groups. 

- Is confounding absent or well controlled for? A confounding variable tends to distort the 

size or even the direction of the final study result. 

Suppose a study of psychological problems due to pesticides. If in the study group there is more 

alcohol abuse than in the control (comparison) group, this will simulate an effect of pesticides, 

and so falsely 'accuse' the pesticides studied. Here alcohol abuse is a confounding factor. It can 

be controlled for by comparing subgroups with equal use of alcohol in the study group and the 

comparison group. Advanced techniques for adjustment (of alcohol abuse, etc.) are available. 

A definition of a confounder is: an independent cause of the effect (disease) under study that is 

associated with the exposure (intervention) under study170. 

 

- Are the statistical calculations correct and informative?  

The conclusion that the outcome parameter has a 'p-value' (probability of a chance result) <0.05 

(or >0.05), is a minimum requirement. Essentially more informative is the – equivalent - 90% (2-

sided) confidence interval (CI) of the outcome parameter. For instance: 'the observed relative 

risk* (RR) of 2.3 was calculated to be (with 90% confidence) between 1.9 and 2.8'. This conclu-

sion not only states that the risk most likely is higher than 1, but also states the range of risk 

sizes that one may take into account in practice. Often a 95% CI is presented which corresponds 

to a slightly wider range: in our example: from 1.8 – 2.9 (more confidence = certainty goes with 

less precision, and vice versa). 

* The relative risk is the probability that some factor induces a trait in a group, compared to the 

occurrence of that trait in a (similar, 'control') group without that factor. 

 

- In the discussion: do the authors show alertness to the weaknesses of their study? Do 

they discuss their own findings with respect to those of others in an informative manner? 

- A systematic review is usually superior to a 'narrative' review. For a systematic review the 

PRISMA* criteria have been developed. Have these criteria been observed in the review? 

 * Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

A review article should report (1) a clear searching strategy to find articles, (2) clear criteria for 

inclusion of individual articles and for quality (independently applied by at least two experts), (3) 

simple summary data of individual studies, (4) if applicable a meta-analysis, i.e. calculation of an 

over-all outcome measure with confidence interval, and (5) a motivation of the strength of evi-

dence as expressed in the conclusions. 

http://www.prisma-statement.org/ (accessed 2012-12-21) 

. 

- Journals prefer publishing 'positive' reports, i.e. studies in which an effect has been found, 

to 'negative' reports. This means, generally speaking, that in the real world effects tend to 

be smaller than publications suggest. 

 

 
170 (more precisely: a confounder is … under study, and not being part of the causal pathway between 

the exposure and the effect studied.) 

http://www.prisma-statement.org/


 Abbreviations 
  

 

 
146 

 

Abbreviations 
 
a acceleration (unit: m/s2), used for vibration, etc. 
ACGIH  American Conference of Governmental Industrial Hygienists (USA) 

ACh Acetylcholine, substance needed for impulse transmission in the nerve system  

APR Air-purifying respirator 

ATV  all terrain vehicle 

BOHS Basic occupational health services, package of activities intended to be inte-

grated in primary and community health care 

BSE Bovine spongiforme encefalopathy  

cal calory; unit of energy (1 cal/sec = 4.2 Watt), 1 calory = 0.24 J 

Cal Calory; same as kcal (= 1000 cal) 

CDC Centers for Disease Control and Prevention (USA government) 

ChE Cholinesterase, enzyme needed for correct impulse transmission process in the 

nerve system 

CI Confidence interval: the calculated range of values that likely contains the real 

outcome 

COPD Chronic obstructive pulmonary disease 

CTS Carpal tunnel syndrome 

dB decibel: 10x 10logarithm of a number, nearly always sound / noise intensity 

dBA decibel as measured using the (standard) A-filter 

e.g. ('exempli gratia' = Latin) for example 

EPA Environmental Protection Agency (USA government) 

eq8h Equivalent value for 8 hours, in this book used for sound and acceleration. 
 In practice L(eq8h) in dB for sound, or a(eq8h) in m/s2 for vibration.  
 Definition: the intensity level of an 8 hour sound or vibration that has the same 

energy content (and the same supposed biological effects) as the concerned 
sound or vibration during its observed duration. In principle intended to judge 
the acceptability by comparing the eq8h to a limit value that is defined for 8 hour 
exposure. 

EU European Union 

FEV1 Forced expiratory volume in 1 second 

FFP Filtering facepiece 

FVC Forced vital capacity, can be approached by FEV6  

GC/MS  Gas chromatography / mass spectrometry, method to analyze a mixture of 

chemicals  

HAV Hand-arm vibration 

HAVS Hand-arm vibration syndrome 

HSE Health and Safety Executive (United Kingdom government) 

Hz Herz, the number of vibrations in one second, often used for sound ('pitch') 

IARC International Agency for Research of Cancer (residing in Lyon, France) 

IDLH value  Immediately dangerous for life or health; limit value (NIOSH) for air pollution 

i.e. ('id est' = Latin) this means 

J joule, unit of energy (1 J/sec = 1Watt), 1 J = 4.2 calory 

k kilo; 1000 

L Level, used for sound / noise intensity (units dB or dBA) 

MET Metabolic equivalent of task, unit of energy production; 1 MET ≈ 100 Watt 

MRSA Methicilline Resistent Staphylococcus Aureus 
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MSDS Material safety data sheet, obligatory for most commercial products 

NIOSH National Institute for Occupational Safety and Health (USA government) 

ODTS Organic dust toxic syndrome 

ONIHL Occupational noise-induced hearing loss 

OSH Occupational Safety and health 

OSHA-EU Occupational Safety and Health Administration - European Union 

OSHA-USA Occupational Safety and Health Administration – USA 

PAPR Powered air-purifying respirator 

PHC Primary health care or primary health center 

PEL Permissible (occupational) exposure limit for air, used by OSHA-USA with lrgal 

status, most often for dauly 8 hour exposure 

PPE Personal protective equipment 

PTO Power take-off; axis of a motor to connect to a machine in order to make it work 

rms root mean square: the root of the average of a series of squared values 

RADS Reactive airways dysfunction syndrome 

REL Recommended (occupational) exposure limit for air, recommended by NIOSH 

(USA), most often for daily 10 hour exposure 

ROPS Roll-over protection structure, usually on a tractor, to protect the driver 

SCBA Self-contained breathing apparatus 

SDS Safety data sheet, same as MSDS 

TTS Temporary threshold shift (temporary hearing impairment) 

TLV Threshold Limit Value, occupational exposure limit for air, recommended by AC-

GIH, most often for daily 8 hour exposure 

TWA Time weighted average: average calculated over a certain time period 

UK United Kingdom 

USA United States of America 

Watt Unit of power ('flow of energy', 1 Watt = 0.24 cal/sec)  

WBGT Wet bulb globe temperature; a composite temperature index 

WBV Whole-body vibration 

 

Note: many terms used in occupational safety and health texts are explained in a glossary171 

 

 

 

 
171 https://ldoh.net/publications/glossary-for-occupational-safety-and-health-terms-foundation-ldoh/ 

https://ldoh.net/publications/glossary-for-occupational-safety-and-health-terms-foundation-ldoh/
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Index 

2,4,5-Trichlorophenoxyacetic 
acid, 37, 81 

2,4-Dichlorophenoxyacetic acid, 
4, 37, 81 

Abbreviations, 146 
Abortion, 11 
Accelerometer, 107 
Accidents, 99, 122 
Acclimatisation, 114 
Accumulation, 78 
Acetylcholine, 79 
Acetyl-cholinesterase, 80 
Adrenalin, 73 
African swine fever, 65 
Afzelia, 45 
Agriculture, 2 
Alcohol, 75, 82, 116 
Alcohol, abuse, 75 
Allergic alveolitis, 39 
Allergy, 34, 36, 37, 80 
All-terrain vehicles, 106, 109 
Alpaca, 65 
Alstroemeria, 45 
Alveolar echinococcosis, 66 
Ammonia, 36, 46, 92 
Ammonium phosphate, 91 
Amyotrophic lateral sclerosis, 

84 
Anaphylaxis, 43, 48 
Ancylostoma duodenale, 67 
Antabuse, 82 
Anthelmintics, 90 
Anthrax, 47, 65 
Antibiotic prophylaxis, 126 
Antibiotic-resistant bacteria, 67 
Antibiotics, 67 
Anticoagulants, 83 
Antisera, 89 
Antitoxins, 89 
Anxiety, 73, 74 
Arboviral encephalitis, 65 
Arsenic, 100 
Ascariasis, 65 
Ascaris lumbricoides, 67 
Ascaris suis, 67 
Asparagus, 45 
Asthma, 37, 39, 45, 50, 89, 91 
Atopy, 43, 50 
Atropine, 80, 87, 92 
Audiogram, 100 
Avian influenza, 63, 65 

 

Back pain, 53, 109 
Bagassosis, 39 
Barbed wire, 124 
Barrier cream, 44 
Basal metabolic rate, 113 
Basic Occupational Health 

Services, 1 
Benzodiazepine, 87 
Biological Limit Value, 94 
Biological sampling, 94 

Biologicals, 89 
Bird breeding, 34, 39 
Birth products, 11, 46, 68 
Bite by animal, 125 
Blastomycosis, 65 
Blood pressure, 74 
BOHS, 1, 3, 18, 136 
Borreliosis, 48 
Bovine spongiform 

encephalopathy, 65 
Bovine tuberculosis, 63, 65 
Bradycardia, 80 
Brain tumors, 11 
Breathing apparatus, 130 
Brodifacoum, 83 
Bromodiolone, 83 
Bronchiolitis obliterans, 36, 39 
Bronchitis, 36, 37, 38, 39 
Brucellosis, 63, 65 
Brush cutter, 106 
BSE, 65 
Byssinosis, 39 
 
Calcium phosphate, 91 
Campylobacteriosis, 62, 63 
Captan, 46 
Carbamates, 78, 80, 116 
Carbaryl, 78 
Carbon tetrachloride, 83 
Carcinogenic, 4, 79, 81, 85 
Carcinogenicity, 94, 97 
Cardiac malfunction, 116 
Cardiovascular disease, 74 
Carpal tunnel syndrome, 57, 

105 
Carrier situation, 68 
Carrot, 45 
CAS Registry Number, 94 
Cashew, 45 
Caterpillars, 43, 49 
Cattle, 65, 125 
Celery, 43, 44 
Cetomacrogol, 44 
Chainsaw, 106, 107, 123 
Charcoal, activated, 87 
Checklist, 28, 32, 54, 60, 68, 

104 
Checkpoints, 27 
Cheese worker, 39 
Chemicals, 77 
Chiggers, 48 
Chilblains, 49 
Children, 11, 49, 66, 68, 72, 88, 

124 
Chlamydiosis, 63, 65 
Chloramine-T, 91 
Chlordecone, 84 
Chlorfenvinfos, 85 
Chlorhexidine, 91 
Chlorophacinone, 83 
Chloroquine, 100 
Chlorpyrifos, 78 
Cholesterol, 74 

Cholinesterase, 78 
Chronic venous insufficiency, 

50 
Chrysanthemum, 45 
Cinnamon, 43 
Citrus fruits, 44 
Cloth adjustment factor, 116 
Cloves, 45 
Coccidioidomycosis, 65 
Cognitive disorders, 85 
Cognitive therapy, 75 
Comfort zone, 59 
Common rue, 44 
Conduction, of heat, 112 
Confidence interval, 145 
Confounding, 145 
Conjunctivitis., 37 
Contact dermatitis, 42 
Contact stress, 59 
Contact urticaria, 43 
Contagious ecthyma, 47, 65 
Convection, 112 
Convulsion, 78, 79, 86 
COPD, 37, 39, 94 
Cortisol, 73 
Cotton, 39, 56 
Coumarin, 83 
Creosote, 46 
Crimidine, 83 
Cryptosporidiosis, 63 
Cucumber, 45 
Cultivator, 53 
Cultural traditions, 72 
Cyclone, 35 
Cypermethrin, 80 
Cystic echinococcosis, 66 
Cysticercosis, 66 
Cysticercus, 65 
Cytostatics, 68, 100 
Dairy cattle, 65 
 
Dairy machinery, 46 
Dander, 37 
DASS, 73 
Database, 10, 23 
DDT, 78 
Dead animals, 69 
Decibel, 99 
Decontamination, 87 
Dehydration, 112 
Deltamethrin, 80 
Depression, 73, 74 
Diabetes, 6, 68, 74, 100, 105, 

106, 126 
Diazinon, 78, 79 
Dicoumarol, 83 
Dieldrin, 78 
Diesel fumes, 92 
Difenacoum, 83 
Dinitroorthocresol, 81 
Dioxins, 81 
Diquat, 37, 81 
Disaster, 75 
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Disulfiram, 82 
Dithiocarbamates, 82 
DNOC, 81 
Dog tapeworm, 66 
Dopamine, 74 
Dose, 26 
Drug, abuse, 75 
Dry bulb temperature, 113 
Dust, 34, 46, 129 
 
E. coli, 65 
Echinococcosis, 65, 66 
Ectoparasiticides, 90 
Elastomeric respirator, 129 
Elderly, 11, 33, 68 
Electricity, 124 
Employment conditions, 12, 17, 

29, 72, 139 
Endotoxins, 35, 36 
Environmental sampling, 94 
Enzymes, 37 
Epicondylitis, 56 
Equine encephalitis, 65 
Ergonomic approach, 29 
Ergonomics, 29, 59 
Ergonomist, 5, 26, 137 
Erysipeloid, 48, 65 
Estrogens, 90 
Ethylene oxide, 46 
Evaporation, 112 
Exchange rate, 101 
Exposure, 4, 26 
Exposure-effect relationship, 97 
Extrinsic allergic alveolitis, 39 
 
Farmer’s lung, 39 
Fasciculation, 79 
Feed additive, 89 
Female workers, 10, 68, 84 
Ferbam, 82 
Fertility, 11, 84 
Fertilizers, 46, 91 
Feverfew, 45 
FFP, 69, 129, 130, 131, 132 
Fig, 44 
Filtering face piece, 129 
Finger bleaching, 106 
Fire ant, 48 
First aid, 8, 69, 86, 96, 116, 125 
Fissures, 43 
Fitness for work, 5 
Flexor pronator syndrome, 57 
Fluoroacetamide, 83 
Fluoroacetate, 83 
Flyer, 21 
Food chains, 78 
Formaldehyde, 46 
Frostbite, 49 
Fruit picking, 46, 54, 55 
Fungicides, 82 
 
Gases, 36, 129 
Gene polymorphism, 12 
Giardiasis, 63 
Gloves, 11, 44, 46, 50, 69, 87, 

88, 92, 124 
Glucans, 35 

Glyphosate, 82 
Goat, 65 
Grain, 34, 39 
Grain dust, 37 
Grass, 44 
Green farming, 87 
Green tobacco sickness, 91, 

116, 117 
Grinders, 106 
Growth hormone, 90 
 
Halamid®, 91 
Half-life, 95 
Half-mask, 129 
Hand-arm vibration, 104 
Handicap, 6, 12, 15, 25, 98, 

104, 137 
Hantavirus disease, 63, 65 
Harassment, 71 
Harvester, 106 
Harvesting, 35, 45 
Hay, 34 
Hay fever, 50 
Hazard, 26 
Health and safety (H&S) 

representatives, 2, 138 
Health surveillance, 7 
Hearing impairment, 98, 100 
Hearing protection, 103, 107 
Heat, 111 
Heat cramps, 111 
Heat exhaustion, 111, 117 
Heat index, 113 
Heat rash, 112 
Heat stress, 79, 111 
Heat stress nephropathy, 112 
Heat stroke, 111 
Heat syncope, 111 
Hedera, 45 
Helminthic diseases, 65, 66 
Hepatitis E, 63, 65, 68 
Herbicides, 81 
Hetero-anamnesis, 75 
Hexachlorobenzene, 83 
Hexachlorocyclohexane, 78 
Hibitane®, 91 
High-pressure cleaner, 124 
Histoplasmosis, 65 
Hogweed, 43, 44 
Horse, 65 
Hydrogen cyanide, 92 
Hydrogen sulphide, 36, 92, 124, 

130 
Hyperkeratosis, 44 
Hyperresponsiveness, 37 
Hypersensitivity pneumonitis, 

39 
 
Imidacloprid, 80 
Immunosuppressants, 68 
Immunosuppression, 74 
Indicator tube, 36 
Infectious dermatitis, 46 
Informal workers, 12 
Information resources, 140 
Inguinal hernia, 58 
Inhalable dust, 35 

Inhalation fever, 38 
Injuries, 23 
Insecticides, 78 
Insects, 48 
Integrated Pest Management, 

87 
Intertrigo, 44, 49 
Intoxication, 77 
 
Kidney dysfunction, 63, 81, 

111, 112 
Kidney stones, 112 
Kneeling, 58 
 
Lama, 65 
Lanette, 44 
Laryngitis, 36 
LD50, 95 
Leaf blower, 34 
Legal aspects, 138 
Leptospirosis, 63, 65 
Leukemia, 11 
Libido, 74 
Lice, 78 
Lichens, 45 
Lifting, 54 
Lindane, 78 
Listeriosis, 68 
Liver dysfunction, 78, 81, 83, 

111 
Livestock, 39 
Loudness, 99 
Low back pain, 53 
Lung edema, 39, 82 
Lyme disease, 48, 65 
 
Mahogany, 45 
Malaria, 78 
Malathion, 78, 79 
Male workers, 11, 84 
Maleic hydrazide, 46 
Maneb, 82 
Mango, 45 
Manure, 39 
Manure gases, 92, 124 
Material safety sata Sheet, 95 
Mechanical harvesting, 59 
Medicines, 46, 100 
Melanoma, 49 
Menisus lesions, 58 
Meranti, 45 
Mercury, 100 
Metam sodium, 37 
Methemoglobinemia, 91 
Methicillin resistant 

staphylococcus, 68 
Methyl bromide, 36, 46, 83 
Migrant Worker, 12 
Migrant workers, 12, 72 
Miliaria rubra, 49 
Milker's nodules, 47 
Milking, 47, 57 
Miosis, 79, 80, 117 
Mites, 37 
Molds, 37, 38 
Monday morning syndrome, 38 
Mood, 74 
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Moss, 45 
MRSA, 67 
MSDS, 95 
Mud, 44 
Muscles, 59 
Musculoskeletal disorders, 53 
Mushroom worker, 39 
Mutagenicity, 97 
Mycotoxins, 35 
Nail dystrophy, 44 
 
Narcissus, 43 
Necator americanus, 67 
Needle stick injury, 88 
Neonicotinoids, 80, 116 
Nerve synapses, 78 
Nettle, 43 
Networking in BOHS, 136 
Neurocysticercosis, 66 
Neurological effects, 48, 63, 

105 
Neuropathy, 79, 81, 105 
Neuropsychological effects, 79, 

85 
Newcastle virus, 65 
Nicotine, 91 
Nipah virus, 65 
Nitrates, 91 
Nitrogen dioxide, 36, 92, 94, 

130 
Nitrogen oxides, 36, 39 
No-observed adverse effect 

level, 95 
Noradrenalin, 73 
 
Obesity, 116 
Occupational disease, 3 
Occupational health nurse, 26, 

137 
Occupational health service, 

137 
Occupational hygiene strategy, 

28 
Occupational hygienist, 26, 137 
Occupational physician, 26, 137 
ODTS, 38 
Offspring, 11 
Olecranon bursitis, 57 
Olive oil, 45 
'One Health' concept, 62 
Orf virus, 47, 65 
Organic dust toxic syndrome, 

38 
Organic farming, 87 
Organophosphates, 78, 85, 116 
Ornithosis, 65 
Osteoarthritis, 57, 58, 105 
Ovine chlamydiosis, 68 
Oximeter, 40 
 
Packing, 45 
Paddy field workers, 44 
Paprika splitter, 39 
Paraquat, 37, 81 
Parasympathetic effects, 79 
Parathion, 78 
Paresthesia, 80 

Parkinson's disease, 84 
Paronychia, 44 
Parsley, 45 
Parsnip, 44 
Particulates, 36 
Patch test, 43 
PCP, 81 
Pecan, 45 
Pentachlorophenol, 81 
Peripheral neuropathy, 79 
Permethrin, 80 
Personal protective equipment, 

129 
Personal sampling, 95 
Pesticides, 35, 77 
Pharyngitis, 36 
Phenothiazine, 46 
Phosphine, 36 
Photodermatitis, 44 
Pig, 65 
Piperonylbutoxide, 80 
Pitted keratolysis, 44 
Plowing, 35 
PM10, 35 
Poison ivy, 45 
Pollen, 37 
Polymorphism, 12 
Pork tapeworm, 65 
Positive pressure mask, 130 
Poster, 21 
Posttraumatic stress, 74 
Posture, 59 
Potato, 45 
Poultry, 41, 65 
Power lines, 124 
Power take-off, 123 
Power tiller, 53 
Powered air-purifying 

respirator, 130 
PPE, 11, 12, 33, 88, 129, 132, 

133 
Pralidoxime, 80 
Pre-employment examination, 6 
Pregnancy, 11, 12, 68, 84, 116 
Prepatellar bursitis, 58 
Presentation on BOHS, 18 
Pressure washer, 34 
Prick test, 43 
Primula, 45 
Progesterones, 90 
Proglottid, 65 
Propachlor, 46 
Propoxur, 78 
Protozoa, 63 
Pruning, 57 
Pseudocholinesterase, 80 
Pseudocowpox, 47, 65 
Psittacosis, 63, 65 
Psoriasis, 50 
Psychopharmaceuticals, 116 
PTO, 123 
PubMed, 141 
P-value, 145 
Pyrethroids, 37, 80 
Pyrethrum, 46, 80 
 
Q fever, 65, 68 

Quartz, 35, 63, 65, 125 
 
Radial styloid tendosynovitis, 

58 
Radiation, 44, 112, 113, 116 
RADS, 37 
Ragweed, 45 
Raynaud's disease, 106 
Raynaud's syndrome, 105 
Reactive airways dysfunction 

syndrome, 37 
Relative risk, 145 
Relaxation therapy, 75 
Relevance of information, 143, 

144 
Reliability of information, 143 
Reproduction, 78, 83 
Respirable dust, 35 
Respirator, 40 
Respirator fit test, 131 
Respirator seal check, 132 
Respirators, 41, 129 
Respiratory cancer, 34 
Respiratory diseases, 34 
Respiratory protection, 69, 129 
Rheumatoid arthritis, 58 
Rhinitis, 36, 45 
Rice, 44, 45 
Ringworm, 65 
Risk, 26 
Rodenticides, 83 
Roll-over protection structure, 

124 
ROPS, 124 
Rosewood, 45 
 
Safety Data Sheet, 96 
Safety expert, 26, 137 
Salmonellosis, 63, 65 
Sarcoidosis, 39 
Sawdust, 34, 45 
Scabies, 48, 78 
Scaling, 43 
Scorpion, 49 
SDS, 96 
Search terms, 140 
Seasonal workers, 12, 72 
Seizures, 80, 87, 111 
Serotonin, 74 
Sex hormones, 74, 78 
Sheep, 65 
Sheep shearing, 57 
Shoulder pain, 55 
Sickness benefit, 6 
Silage, 40 
Silo fillers disease, 39 
Silo gases, 92 
Sinusitis, 36 
Skin carcinoma, 49 
Skin diseases, 42 
Skin penetration, 77 
Smoke, 37 
Smoking, 40 
Snake, 50, 125 
Social network, 71 
Soil-transmitted helminthic 

diseases, 66 
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Solvents, 100 
Sound level meter, 102 
Spermatogenesis, 84 
Spiders, 48 
Spirometer, 40 
Squatting, 58 
Standing, 58 
Statistics, 145 
Stockholm Convention, 78, 96 
Streptococcal sepsis, 63 
Streptococcus suis, 65 
Stress, 73, 99 
Strongyloides stercoralis, 67 
Strychnine, 83 
Sugar-cane, 39 
Suicide, 75, 77 
Sulphur, 46 
Sun, 44, 49, 50, 80, 87, 113, 

118, 132 
Sun protection factor, 49 
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