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Abstract 

This paper contains a literature review of the occupational inju- 
ries and ill-health in agriculture world-wide and a survey of the 
attempts that have been made to estimate the resulting economic 
and social costs. 

Agricultural workers.suffer a wide variety of disorders as a re- 
sult of their occupation. These range from minor (cuts, bruises) 
to more severe (deep wounds, fractures), permanent (amputa- 
tion, spinal cord injury) and fatal injury. Ill-health as a result of 
contact with animals, micro-organisms, plant material dusts or 
chemicals are associated with certain types of agriculture. There 
is an underlying but unquantified incidence of pain, stress and 
injury as a result of ergonomic problems due to poor working 
procedures and conditions. Statistics from many countries or 
regions show that agriculture consistently has one of the high- 
est accident and injury rates of the industrial sectors. 

There are many causes for the work related injury and ill-health 
in agricultural workers. In developed countries, tractors and 
other machinery cause a significant proportion of the accidents 
and are a major cause of occupational deaths. In less developed 
countries, accidents due to hand tools such as hoes, sickles and 
cutting instruments are most prevalent. Animals are a signifi- 
cant cause of injury and ill-health in many countries. Debilitat- 
ing allergic reactions in the respiratory tract or the skin are caused 
by exposures to organic dusts, or by contact with allergenic plants 
in the field respectively. Where comparative data are available, 
occupational pesticide poisoning in agriculture is a small pro- 
portion (< 1-4%) of the total work related disorders. 

Because of the wide variety of occupational risks to agricultural 
workers, it is emphasised that if one type of agricultural prac- 
tice is replaced by another then the risks from the alternative 
procedure need to be considered. If, for example, agrochemical 
pest control practices are replaced by methods involving the 
increased use of machinery, draught animals or manual opera- 
tions, then an assessment of the resulting risks should be taken 
into account. 

Some of the economic costs of occupational injury and ill-health 
in agriculture can be quantified directly, such as medical costs, 
the cost of rehabilitation and loss of earnings. Other costs are 
more difficult to estimate such as loss of opportunity and in- 
come foregone for permanent and fatal injury and for the effect 
on a victim's family. The estimation of the overall economic 
costs to farming communities and national agriculture requires 
further development. When one agricultural practice is replaced 
wholly or partly by another, for example agrochemical pest con- 
trol by alternative control methods, then it is necessary to take 

into account the occupational health costs of the alternative 
procedure for realistic comparative assessment. 

There are a number of issues which require continued or in- 
creased attention by the relevant national and international au- 
thorities and by the agricultural industry. These include the im- 
proved collection and collation of occupational health statistics, 
a better understanding of the extent of ergonomic problems in 
agriculture, more realistic assessments of the cost of occupational 
injury and ill-health and the continued need to reduce occupa- 
tional health disorders by appropriate training and education in 
agricultural practices and the use of agricultural equipment. 

I Keywords: Agricultural workers; economic cost; ergonomics; 
injury and illness; occupational accidents 

I 

1 Introduction 

Agricultural activities cover many operations both manual and 
mechanical and include hoeing, digging, cutting, tending ani- 
mals, driving tractors, applying pesticides and storing materi- 
als. Each activity has its risks to agricultural workers resulting 
in injuries and illnesses which have been described in the rel- 
evant literature. The most prominent  risks are due to acci- 
dents leading to injuries such as severe cuts or bruising, loss of 
limbs and, in the worst  cases, fatality. Agricultural workers 
also experience a number of  illnesses and diseases due to their 
occupation as a result of contact with animals, plant materi- 
als, pesticides and other sources. A recognised but less cited 
risk arises from poor work practices, for example from repeti- 
tive action or incorrect body postures, which can lead to a 
variety of disabilities. The numbers of agricultural workers 
affected by these injuries and illnesses are reported by many  
countries world-wide. However  as discussed later (section 3), 
it is difficult to make direct comparative assessments with these 
statistics because of the different reporting procedures for in- 
dividual countries. In this paper  the emphasis is upon data 
obtained from well defined geographical areas or agronomic 
activities and where the different types of work-related dis- 
abilities and their causes are well described. The impact of the 
causes of  agricultural accidents and the relative severity of  
their effects can be assessed from this information. 

The economic cost of the temporary or permanent disable- 
ment of farmers and other agricultural workers has been 
given more  attention recently. The cost can be manifest  in 
several ways such as the cost  of  medical treatment,  loss of  
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personal and farm income or loss of productivity. At present, 
there is no universally recognised procedure for estimating 
the cost consequences to the agricultural community of the 
results of occupational health risks. There needs to be agree- 
ment on the fundamental parameters which have to be taken 
into account. This is particularly important if one type of 
agricultural activity is substituted by another so that the 
consequent reduction or increase in risks and costs can be 
properly assessed. For example, there is the current empha- 
sis on reducing or eliminating the use of agrochemicals and 
utilising alternative pest control practices. The Agrochemical 
Industry is concerned that important products and pest con- 
trol practices could be curtailed or eradicated without proper 
regard for the risks and costs of the alternative procedures. 
The control of pests (weeds, insects, fungi) is one of many 
activities required to produce plentiful and wholesome food. 
The risk of using agrochemicals has to be placed in the con- 
text of other occupational health risks in agriculture and if 
alternative pest control measures are advocated then the as- 
sociated risks and their costs must be quantified. 

This paper is a review of the occupational risks to farmers 
and agricultural workers together with a survey of studies 
estimating the economic costs. The factors needed for mak- 
ing appropriate estimations of changes in risks and costs as 
a result of changing agricultural practices are highlighted. 

2 Types and Causes of Injury and Ill-Health 

A survey was undertaken to ascertain the main types of occu- 
pational injury and ill-health experienced by agricultural work- 
ers and the causes. This was carried out by means of a search 
of the more recent relevant scientific literature using appro- 
priate key words. Enquiries were also made from a number of 
informed individuals and organisations in a range of coun- 
tries in order to supplement the information from the search. 
The survey produced sufficient information to show the ex- 
tent of the problems in geographical terms and for a range of 
agricultural practices. The references, upon which this survey 
is based, are shown in the accompanying list [1-72]. 

The information has been grouped into 3 categories as follows: 

1) Injuries as a result of accidents. 
2) Ill-health as a result of contact with animals, plant materi- 

als, micro-organisms or chemicals. 
3) Ergonomic problems as a result of poor work practices or 

conditions. 

The outcome of this survey is summarised in Table I and de- 
scribed in more detail in the following sub-sections 2.1 - 2.3. 

2.1 Accidental injury 

The main types of injuries suffered by agricultural workers 
from a variety of work-related causes are shown in Table 1. 
The frequency of accidents from a particular cause differs 
according to the type of agricultural operations and the ag- 
ricultural status of the country or area involved. In coun- 
tries with more developed agricultural practices, mobile and 
static machinery are a leading cause of injury amounting to 
30-70% of the total cases reported [1,4,5,11,16,21,29]. A 
serious concern is the high proportion of fatalities due to 
tractor accidents. For example, a survey of fatal farm acci- 
dents in the USA showed that 31-51% were due to tractors 
[20]. A similar survey of 257 farm fatalities in Australia 
showed that 71% were caused by tractors and other mobile 
machines [1]. In this case, 34 of 257 fatalities were children, 
a source of concern shared by other countries such as Ire- 
land and the USA [11,18]. In the less developed countries 
there is usually a wider range of causes with injuries from 
the use of hand tools being more prominent. In a survey in 
1987-8 in Haryana State, India a review of 576 agricultural 
worker injuries showed that 23% were due to sickles and 
24% to spades [9]. Similarly, in a survey of agricultural ac- 
cidents in 8 states of Brazil in 1985-6, 39.5% were due to 
the use of hand tools [35]. In sugar plantation work in Af- 
rica, cane cutters caused 80% of the reported injuries [36]. 
Where mechanical devices are used in these countries, they 
can be the cause of a significant proportion of agricultural 
worker injury. For example, in Punjab, India a review of 
397 patients with hand injuries showed that 88 were due to 
mechanical wheat threshers resulting in lesions such as loss 
of fingers or amputation to the forearm [7]. A notable find- 
ing for most countries is the number of injuries caused by 
animals, used either for livestock or for draught purposes. 
The proportion of total injuries from this cause (kicks, tram- 
piing, crushing, bites) is often about 10% and can be as 
high as 35% [1,4,5,13,16,21,35]. 

2.2 Occupational ill-health 

Perusal of the relevant literature shows that agricultural 
workers are exposed to a wide range of illnesses and dis- 
eases as a result of their work and working conditions. There 
are many sources of information describing these ailments 

Table 1: Main causes and types of occupational injury and ill-health in agriculture 

Cause Ma!n injuries/ill-health 
Tractor and other mobile machines Fatality, crushing, internal injury, ergonomic problems 
Combined harvesters, conveyors Fatality, crushing, amputation, internal injury 
Fodder cutters, wheat threshers Deep wounds, loss of fingers/toes 

i 

Farm animals Crushing, fractures, heavy bruising, bites, allergy 
Hand tools Cuts, bruising, strain, ergonomic problems 
Lifting Strain, sprain, distortion, ergonomic problems 
Hit by objects Contusions, cuts 
Farm chemicals Skin and eye irritation/skin allergy, internal poisoning 
Plants/dusts Skin or respiratory allergy 
Poisonous animals Bites, stings 
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although their incidences are not given in such detail as those 
for accidental injury above. The ailments arise from a vari- 
ety of sources, mainly from contact with animals, plant 
materials and chemicals including pesticides (-+ Table 1 ). 
For diseases originating from animals, a ILO/WHO Com- 
mittee on occupational health [65] categorised them as vi- 
ral (e.g. viral encephalitis), rickettsial (e.g. Q fever) or bac- 
terial (e.g. anthrax, brucellosis, leptospirosis, tetanus). In 
some cases, these can lead to fatalities in farm workers 
[43,44]. Poisonous animals can be the cause of a signifi- 
cant proportion of occupational adverse reactions (1% or 
more) in agricultural workers in tropical regions [3,8,10,36]. 
Research in Brazil, for example, indicated that a significant 
number of snake bite victims had been engaged in a variety 
of agricultural activities, including weeding, in coffee, maize 
and sugar cane crops [35]. 

Agricultural operations may lead to an increased risk for 
farm workers from vector borne diseases and infections such 
as cholera, typhoid fever, schistosomiasis and malaria [41]. 
For example, irrigation schemes to help expand rice pro- 
duction in areas of S.E. Asia, Africa and South America in- 
creased vector borne disease incidence and prevalence [66]. 

A variety of lung diseases can arise when workers come into 
contact with dusts from plant materials such as mouldy hay, 
grain, straw and wood chips [48-53]. The best known of 
these diseases is Farmers Lung (allergic alveolitis/hypersen- 
sitivity pneumonitis). The incidence of these lung disorders 
varies widely. In a Swiss alpine valley, the incidence of chronic 
bronchitis in farmers exposed to mouldy hay was 43 % com- 
pared to 5% in an unexposed control population [48]. A 
survey of 2866 farmers in Finland showed that 13.6% suf- 
fered one or more attacks of organic dust toxic syndrome 
due to exposure to grain, hay and animals [53]. In the less 
developed countries there is a wider range of sources of al- 
lergic dusts in agriculture including several types of grain, 
tea, coffee, spices and vegetable fibres [41,67]. Allergic skin 
reactions, some of them extremely painful and debilitating, 
arise from direct contact with plants in the field. Examples 
of allergenic plants, ~ound in temperate and tropical regions, 
include poison ivy, Euphorbia and some types of nettles 
[41,65,87]. 
Exposure during the use of pesticides in agriculture is mainly 
via skin contamination during product handling and prepa- 
ration and when spraying the diluted formulations. In some 
cases, this may lead to localised effects on the skin and eyes 
and, in cases of overexposure, to systemic disorders. The 
best known of these is the effect on cholinesterae activity by 
organophosphate compounds. The incidence of occupational 
pesticide poisoning is low in developed countries (71,72) 
and is generally higher in less developed countries, a topic 
covered in more detail in Section 3.2. 

2.3 Ergonomic problems 

Agricultural workers experience a variety of disorders when 
their work activity causes a bodily reaction as a result of a 
repetitive operation ( ~  Table 1 ). The commonest example 
is back pain arising from poor body posture during opera- 
tions such as hoeing or tractor driving. Ergonomic studies 
have been undertaken for a number of industrial operations 

but are not common in agriculture. Those that have been 
reported in the scientific literature, usually deal with the types 
of problems and how they can be corrected but give little 
information on the severity or frequency of the disorders. 
The papers covered in the present survey [54-64] give some 
information on these aspects, i.e. the site, cause or preva- 
lence of pain and injury. In a study in India, agricultural work- 
ers planting rice seeds while standing in muddy stagnant wa- 
ter suffered back pain, accumulation of fluid in lower limbs, 
cardiovascular stress, skin irritation and infection of feet [61]. 
In Tanzania, the heat stress limit in workers was exceeded 
90% of the time during heavy agricultural work such as deep 
hoeing and sugar cane cutting in the hottest season [63]. In a 
study of 1155 tractor drivers in Italy, more than 80% were 
affected by low back disorders due to tractor vibration and/or 
awkward posture during driving activities [64]. 

It is evident that there is a lot of underlying pain and injury 
in agricultural workers as a result of their working practices 
and conditions. The problems are present in both the devel- 
oped and less developed countries and arise from mechani- 
cal and manual operations. In many cases, workers con- 
tinue to work but with less effectiveness and productivity. 
The incidence of these disorders may not be reflected in ac- 
cident or injury statistics even for the more severe cases. 
There is general agreement that ergonomic problems in ag- 
riculture have not received sufficient attention [41,54,68]. 

3 National or Regional Statistics 

Statistics on agricultural work related injuries and ill-health 
are collected world-wide. However, meaningful and consist- 
ent data are difficult to collate in practice. National statistics 
for persons injured and work days lost, under the heading of 
agriculture, hunting, forestry and fishing are listed in the Year- 
book of Labour Statistics by the International Labour Office 
(ILO). However, The ILO emphasise the caution needed to 
interpret these findings, particularly when making national 
comparisons [69]. For example, there are variations in na- 
tional definitions of occupational injury and in sources of col- 
lecting and reporting procedures. Coverage may be limited to 
certain types of workers or to establishments employing more 
than a certain number of workers etc. Some countries include 
employee injury and fatality as a result of commuting acci- 
dents. The under-reporting of occupational injuries and ill- 
nesses is a universal problem. Thus, it would require a great 
amount of effort and knowledge to make useful comparisons 
of the national statistics presented in the ILO Year Book. For 
this reason, the approach taken for the present survey was to 
collect data from reports in countries or regions where the 
population at risk was defined and the types of injury and ill 
health identified [1,2,5,15,21,22,23,24,25,26,27,28,30,31, 
32,33,36,39]. For the purpose of this paper, bearing in mind 
the health and economic consequences of changing agricul- 
tural practices covered in Section 4, the issues here are cov- 
ered under total occupational agricultural statistics and those 
due to pesticide poisoning only. 

3.1 Numbers of work-related disorders 

A selection of the studies covered in this survey serve to illus- 
trate the extent of the problem in different countries or regions. 
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In a study of 13835 people in full time work on 7922 farms 
in one county of West Jutland Denmark in 1992, there were 
257 injuries requiring medical treatment of which 4 were 
fatal [5]. In Western Australia, the number of lost time inju- 
ries and diseases in agriculture, forestry and fishing was 1600 
per year over the period 1988-1996 [2]. A survey by the 
Swedish Farmers Safety and Preventative Health Association 
and the National Board of Occupational Safety and Health in 
1987 showed that there were 7520 accidents involving people 
off work for more than one day in a variety of farming opera- 
tions [27]. In the USA the non-fatal injury and illness rate in 
1995 was 9.7 per 100 full-time workers in agriculture, for- 
estry and fishing [22]. In Zimbabwe in 1985-6, accidents in 
agriculture resulted in 53 fatalities and 2425 non-fatal inju- 
ries [33]. A breakdown of the UK statistics for 1995-6 
showed 44 fatalities, 530 serious non-fatal accidents and 
1364 accidents resulting in people away from work for 3 or 
more days in agriculture, forestry and fishing [32]. Farming 
has one of the highest fatality rates for all industries. An- 
nual death tolls in agriculture range from 28 in Ireland in 
1995 to 855 in the USA in 1993 [26,30]. In Australia, work 
related agricultural fatalities, obtained from the lists of all 
deaths in the period 1982-4, totalled 257, which included 
34 children [1]. 
It is evident that the overall numbers of work related fatali- 
ties, injuries and ill health in agricultural workers is a sig- 
nificant problem world-wide. In many countries the rates of 
occupational injuries, illnesses and fatalities in agriculture are 
among the highest of the industrial sectors [5,20,22,40,70]. 

3.2 Proportion of disorders due to pesticide use 

In several of the studies reviewed in this survey, there is a 
breakdown of the causes of agricultural work-related dis- 
orders. The proportion of disorders due to pesticide use in 
crop protection for various countries or regions is shown 
in Table 2. It is evident that pesticide poisoning in agricul- 
tural workers in developed countries is a very small pro- 
portion, < 1 - 4%, of the occupational injuries and ill-heahh 
recorded. The comparisons for fatalities is even more marked, 
for example in the UK in 1995-6, there were no work re- 
lated fatalities due to pesticides, whereas deaths due to other 
causes in agriculture numbered 44 [32,71]. 

The position with the less developed countries is not as clear 
because statistics for all types of occupational disorders in 
agriculture are not well recorded. However, for some types 
of agriculture where pesticides are used, the proportion of 
disorders due to their use is similar to that stated above. 
Thus, in a survey of rural accidents in several Brazilian states 
in 1985-6, the use of pesticides represented 1.6% of the 
causes [35]. In sugar plantations in Africa, the Caribbean 
and Latin America, where the range of occupational inju- 
ries included cuts, falls, injuries from animals and snake bites, 
the proportion due to pesticide use was about 1% or less 
[35,36]. In banana plantations in Costa Rica in 1994, 4% 
of occupational accidents were caused by pesticide use re- 
suiting in about 4% of workdays lost [37]. The ILO [70] has 
made an estimate, based upon limited data, that pesticide poi- 
soning could account for about 14% of all occupational in- 
jury and ill-health in agriculture. Since this estimate is based 
upon an extrapolation from the incidence of pesticide poison- 
ing in one country, Costa Rica, in one year, 1986, it cannot be 
considered representative of the position world-wide. 

4 The Economic Cost of Agricultural Work 
Related Disorders 

Work-related disorders in farmers and other agricultural work- 
ers not only has adverse physical consequences for the indi- 
viduals concerned but also impinges upon their earning ca- 
pacity, income and productivity. This also has adverse economic 
consequences for the agricultural industry and farming com- 
munities in the broader context. Increasing attention is being 
directed at estimating the economic costs of agricultural work 
related disorders and some of the more recent literature on 
the subject is included in the present survey [73-85]. 

A cost-risk approach for estimating the expected cost of farm 
related injuries was constructed by Zhao et al. [77,78]. This 
was expressed at the Expected Injury Cost (EIC) index per farm 
worker per year. This combines the probability of an injury 
from a particular risk factor with the severity of the economic 
losses from the injury. Risk factors included employment sta- 
res, gender, hours of work, type of farm operation and the haz- 
ards which exist. The major costs of farm accidents include 
medical treatment, loss of income and productivity, replace- 

Table 2: Pesticide poisoning incidence as a proportion of overall work-related injuries and illnesses in agriculture 

Country/Region Proportion as pesticide Reference 
poisoning 

W Australia (1995-6) 2.2% a 2 

USA, New York State (1984-6) 2%" 16 

USA (1993) 3.9%" 22 

California, USA (1965-71) 4% 24 

California, USA (1989) 2.3% 23 

Sweden (1984-8) 1.3% 27, 72 

UK (1970-1980) <1% 15 

UK (1995-6) <1% 32, 71 

aDescribed as 'chemical exposure' or 'potsoning' 
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ment labour and rehabilitation. Injury severity classification is 
an important part of the index and was defined as slight, se- 
vere, permanent or fatal. The cost of permanent injury can ex- 
ceed that of a fatality. Estimated costs, in 1992 $US, were $50 
for a slight injury, $1000, for a severe injury (eg. broken bone), 
$2 million for permanent injury (e.g. amputation) and $1.5 
million for a fatality. The severity of injuries can have more 
economic impact than the frequency of injuries. 

Similarly, Tormoehlen and Field [76] designed a computer 
program, ICE (Injuries, Cost, Economics), to derive the costs 
associated with farm related permanent disabilities. A total 
of 16 cost items were identified including those for ambu- 
lance service, hospitalisation, rehabilitation, productivity loss 
and loss of earnings. To test the program, an estimate was 
made from a case study of a vegetable farmer who had been 
paralysed from the waist down as a result of a spinal cord 
injury. The actual cost was $266,770 compared to the com- 
puter calculation of $446,590 (1994 SUS). The broader is- 
sues of agricultural fatalities was shown by the work of 
Kelsey [75] who interviewed surviving family members of 
workers killed on New York State farms in 1985-7. A for- 
mula of Discounted Future Earnings was constructed to 
estimate income foregone and opportunity cost of a fatal 
accident. This took account of the age and earning power 
of the person killed. Thus for a male farm owner aged 49, 
this amounted to $362,000, while the comparable value 
for a hired farm worker aged 31 was $351,000 (1987 $US). 
Although other costs beyond these indices were not consid- 
ered, it was noted that 67% of families who operated a 
farm where a fatality occurred, no longer operated them, 
and 44% no longer lived on a farm. 

In contrast to the studies described above, Sauerborn et al. 
[79] investigated the position in a less developed country. 
This involved a study of a rural community in Burkina Faso 
where the main economic activity was subsistence farming 
(millet, sorghum, maize and cotton as a cash crop). Illness 
costs were divided into financial costs for health care and 
time cost. Healthy household members caring for an injured 
person lost almost as much time for production as a sick 
member. Therefore the entire household has to be included 
in the analysis for this type of agriculture. Time costs con- 
sistently exceed direct financial costs. The total cost per ac- 
cidental injury was calculated to be approximately $10 (av- 
erage daily wage is about $1; 1993 SUS). 

The above studies indicate the common components to be 
taken into account when estimating the costs of agricultural 
injury and ill-health. These include not only the direct medi- 
cal and rehabilitation costs but also those due to loss of in- 
come and productivity. A severe disability produces greater 
costs than more frequent minor ailments. Wider economic 
and social costs are also to be expected such as the effect on 
family life in both developed and less developed countries. 

There have been some studies specifically addressing the 
economic costs of ill-health arising from pesticide use. In 
making a case for a 50% reduction of pesticide use in the 
USA, Pimental et al. [80,81] took account of the effect on a 
variety of factors including human health. The replacement 
of agrochemical pest control would involve a number of 
alternative methods such as ridge tilling, deep tillage, mechani- 

cal cultivation, crop rotation and field sanitation and numer- 
ous additional activities involving field monitoring, biological 
control, water and fertilisation management. It was indicated 
that these alternative methods would also cause social and 
environmental problems and that the added costs of non-chemi- 
cal alternatives would approximately offset the reduced envi- 
ronmental and public health costs due to reduced pesticide 
usage. It was not clear, however, if occupational injury and ill- 
health costs were addressed in this scenario. 

In an attempt to estimate pesticide related occupational 
health costs, the health of two small groups of 56 & 57 
Philippine rice farmers and pesticide operators was com- 
pared with a group of 39 farmers from an area considered 
to be generally pesticide free [83]. The adverse findings in 
the two exposed groups included increased eye, skin, respi- 
ratory, cardiovascular, gastrointestinal, and neurological 
problems. An estimation of health costs included treatment 
costs for medication and physician fees, opportunity cost 
and time lost for recuperation. These costs were estimated 
to be 2890 Philippine pesos for an exposed worker and 1790 
Philippine pesos for an unexposed. A model was developed 
integrating this health data with rice production data to 
measure the impact of farmer health on rice production in 
the Philippines [84]. The total active ingredients applied in 
a season and the number of applications was used as a sur- 
rogate for pesticide exposure. The model showed that re- 
duced insecticide use had a small net effect on productivity 
because productivity loss would be offset by gain from im- 
proved farmer health. Herbicide use, however, had little ad- 
verse health impact but increased productivity. The difficulty 
in appraising the usefulness of these estimates is in deciding, 
which of the adverse heath effects seen in these workers were 
due to pesticides. The eye, skin and respiratory changes for 
example could have arisen from a variety of causes unassociated 
with pesticide use. The authors indicate that such ailments 
may or may not have been related to pesticide exposure [83]. 
Pesticide exposure was not measured directly so the actual 
intake and which pesticides were involved could not be deter- 
mined. Because of these doubts it would be difficult to assess 
the economic costs of ill-health due to pesticides in this case. 

A detailed survey was made by Naylor [85] on the use of 
herbicides in Asian rice production which included an appraisal 
of the social (economic) costs. Countries surveyed ranged from 
Bangladesh where herbicide use is low, to countries such as 
Japan and Korea with high herbicide use. The social costs 
included a number of non-market factors such as the impact 
of herbicides on the health of labourers and residents on and 
off the farm. Any negative effects were weighed against the 
benefits of herbicide use, to determine the true social (eco- 
nomic) perspective. For example, the replacement of hand 
weeding by herbicide use was indicated as a favourable change, 
i.e. less drudgery and more leisure time. An analysis of the 
social costs was undertaken for the differing inputs of a) no 
weeding, b) hand weeding and c) herbicide control, utilising 
case studies from Indonesia and the Philippines. Overall, the 
use of herbicides is probably socially profitable in Asian rice 
production, particularly in regions with higher rates of eco- 
nomic growth and rising labour costs. The issue of injury or 
ill-health due to hand weeding did not appear to have been 
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addressed, however, and, if so, it would presumably have 
provided further evidence for the case for herbicide use. 

5 Discussion and Conclusions 

The occupational injuries and ill-health in farmers and other 
agricultural workers and the attempts to estimate the result- 
ing economic costs have been reviewed in this paper. Although 
the survey cannot be regarded as exhaustive, several outstand- 
ing points are evident. Farm workers in all countries face a 
number of risks to their physical well-being due to the nature 
of their work and this is well recognised. Resulting injuries 
and ill-health range from slight to serious to fatal. The major 
causes are due to mechanical operations in developed coun- 
tries and to a variety of manual and mechanical operations in 
less developed countries. There are a variety of other underly- 
ing causes due to falls, contact with animals, organic dusts, 
and chemicals and to repetitive action. The amount of pain 
and injury due to ergonomic problems is still largely 
unquantified and requires particular attention. 
The collection of meaningful and consistent data on the num- 
bers of accidents and the incidence and severity of resulting 
disorders is often difficult to achieve. In particular, under-re- 
porting and the lack of consistent reporting procedures be- 
tween countries means that national comparisons of agricul- 
tural occupational injury and illness statistics have to be 
analysed with great care. That is why, in this review, most 
attention has been placed on the data from studies where the 
population at risk is identified and the types, causes and 
incidence of the disorders clearly presented. The collation 
of this data shows that certain activities, for example trac- 
tor driving, give rise, proportionately, to the greater number 
of injuries and to the more severe effects. It also shows that 
farm animals consistently cause a significant number of in- 
juries and illnesses in countries world-wide. In the context 
of pesticide use, the data collation shows that the resulting 
disorders represent less than 4% of the reported agricul- 
tural occupational injury and ill-health. 

Where agricultural-occupational health statistics are collected 
and presented in this way, then meaningful conclusions may 
be drawn from the data. For example, pest control proce- 
dures with agrochemicals are often portrayed as one of the 
more dangerous agricultural practices, leading to calls for 
alternative pest control measures. The data compiled from 
this review shows that this view is incorrect. It also has to 
be realised that if an agrochemical pest control procedure is 
replaced by another type of practice, the risks of the alter- 
native control measures need to be taken into account. For 
example, if weed control by herbicides is replaced by meth- 
ods involving machines or draught animals or by hand weed- 
ing, then this can result in health problems ranging from back 
pain to fatality. Similarly, the replacement of insecticide use 
for insect control would result in a number of activities such 
as ridge tilling, contour ploughing, crop rotation, field sanita- 
tion, inter-cropping and crop monitoring. Apart from the di- 
rect risks from these activities, the increased labour require- 
ments mean that more people are at risk. In tropical countries, 
more workers in the field would be exposed to venomous rep- 
tiles, rodents and biting insects and to a range of vector borne 
diseases and infections. The replacement of one agricultural 

practice by another replaces one set of risks by another set 
and does not necessarily result in less risk. 

This review has drawn attention to the attempts to assess the 
economic impact of occupational injury and health in agricul- 
ture. Some common factors in the analyses have been high- 
lighted. There are costs which can be directly quantified such 
as the cost for medical treatment, rehabilitation and the loss 
of personal or farm income. Other economic costs are more 
difficult to assess such as loss of opportunity and income fore- 
gone, and the effect on the victim's family. The overall cost to 
national agriculture and to farming communities also has to 
be considered. In some studies, the economic impact of occu- 
pational disorders from agrochemical pest control have been 
estimated and alternative control methods advocated. In most 
cases, it appears that the health costs of proposed alternative 
methods have not been taken into account. This is necessary if 
a realistic comparative economic impact is to be estimated. As 
indicated earlier in this discussion, the alternative control meas- 
ures pose risks for injury and ill-health and hence involve eco- 
nomic and social costs. The attempts to assess occupational 
health costs in agriculture, at this time, may be seen as a prel- 
ude to the development of more exact appraisals where all 
relevant factors are included. 

The final point is to emphasise the role of accident preven- 
tion and training and education in agriculture. Although these 
measures involve costs of their own, the rewards in terms of 
reducing occupational injuries and ill-health and the result- 
ing decreased economic costs, more than outweigh the in- 
ward investment. The Agrochemical Industry has been well 
aware of the need for this input and has actively promoted 
the principles of product stewardship and integrated pest 
management (IPM) via relevant guidelines, posters, mono- 
graphs, media sources and farmer training and education 
schemes over many years [86]. Increased efforts of this type 
are required in all sectors of agriculture in order to help 
reduce overall numbers of occupational accidental injury and 
ill-health and, consequently, to reduce the economic and 
social costs in agricultural communities. 

6 Summary of Recommended Actions 

It is evident from this review that there is room for improvement 
in all areas surveyed. The following proposals are put forward 
for consideration by the relevant authorities and organisations. 
1. The improvement of the collection of statistics for occupa- 

tional injury and ill-health in agriculture and identification 
of the major causes of these disorders. The estimation of 
their overall incidence in geographical or agronomic terms 
and the estimation of relative incidence and severity due to 
specific causes. 

2. Particular attention is required to identify disorders due to 
ergonomic problems and to the estimation of their incidence 
and severity in agricultural workers. 

3. The creation of realistic assessments of the economic costs of 
occupational injury and ill-health in agriculture. These should 
take account of all the relevant factors when making compara- 
tive assessments for different types of agricultural practices. 

4. Continued and increasing effort devoted to training and edu- 
cation to help improve safety in agriculture including those 
activities involving mechanical, manual and agrochemical 
methods for crop protection. 
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