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IMPROVING HEALTH AND SAFETY 

IN THE AGRICULTURAL WORKPLACE 

THE HISTORY OF OCCUPATIONAL HEALTH 

AS AN AGRICULTURAL CONCERN 

In one of the earliest references to occupational disease, the Swedish 

archbishop Ola us Magnus warned in r 5 s s in his Historia de Gentibus 

Septentrionalibus (History of the Nordic peoples) about the "damage to 
the vital organs of threshers from inhaling grain dusts" (r). This respi­

ratory hazard of farmwork was again noted 150 years later by the Ital­

ian physician Bernadino Ramazzini in his seminal work on occupational 
health hazards, De Mor bis Artificum (The diseases of workers) (2). While 
these early observations called attention to occupational hazards in agri­
culture, the field of occupational health has been driven, since the late 

r8th century, by the urban engines and industries of the industrial revo­
lution, and this focus on heavy industry has continued to the present time. 

The industrial revolution in Great Britain was a direct cause of nu­
merous occupational and nonoccupational health hazards in British 
cities. Charles Dickens's Hard Times paints a grim picture of the filth 
and pollution in his fictional but realistic Coketown: 

It was a town of red brick, or of brick that would have been red if the smoke 
and ashes had allowed it; but as matters stood it was a town of unnatural red 
and black like the painted face of a savage. It was a town of machinery and 
tall chimneys, out of which interminable serpents of smoke trailed themselves 
for ever and ever, and never got uncoiled. It had a black canal in it, and a 
river chat ran purple with ill-smelling dye. (3) 

Urban pollution and its associated public health hazards in Great 
Britain led to one of the earliest triumphs of epidemiology, the recog-
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nition by John Snow that cholera in London was spread by sewage­
contaminated water (4). In addition to improved public sanitation, the 
19th century saw many improvements in workplace conditions, but 
these efforts continued to focus on the heavy industries-the mines and 
mills-of the industrial revolution. 

One English medical practitioner of note at that time was Charles Tur­
ner Thackrah (179 5-1833 ). His seminal work, The Effects of the Prin­
cipal Arts, Trades and Professions, and of Civic States and Habits of 
Living, on Health and Longevity, with Suggestions for the Removal of 
Many of the Agents Which Produce Disease and.Shorten the Duration 
of Life (5 ), is particularly noteworthy because it focused on the preven­
tion of disease by removal of workplace exposures. It was also prescient 
in its attention to bad occupational postures as a source of disability. But 
Thackrah's treatise failed to mention the hazards of agriculture except 
where those agricultural products, such as cotton, reached the urban 
mills and factories. 

One can imagine that Thackrah and his contemporaries viewed the 
agricultural countryside as a healthy alternative to the filth and pollu­
tion of the industrializing cities and to the hazards of long work hours 
and terrible working conditions in the factories. This image of pastoral 
beauty, cleanliness, and health, reinforced by the artists of the time ( 6,7), 
supported the belief that agriculture itself was healthier, more whole­
some, and more virtuous than urban industry. In the United States, this 
"agrarian myth" was embraced by Thomas Jefferson when he stated 
that "cultivators of the earth are the most valuable citizens. They are the 
most vigorous, the most independent, the most virtuous, and they are 
tied to their country and wedded to its liberty and interests by the most 
lasting bonds" (8) . 

These themes were echoed in the 19th century in the United States by 
Dr. Benjamin McCready, who noted in his treatise On the Infiuence of 
Trades, Professions, and Occupations in the United States, in the Pro­
duction of Disease that "agriculture is the oldest, the healthiest, and the 
most natural of employments. The husbandman, in general, enjoys pure 
air, and varied and moderate exercise. In this country his diet is always 
abundant and nutritious, and his habits much more temperate than 
those of the manufacturing or laboring classes" (9). 

The modern era of occupational health has also failed, until recently, 
to focus its efforts on the occupational hazards in agriculture. Dr. Alice 
Hamilton began her career by exploring the health hazards of lead and 
other heavy metals among working-class residents of Chicago (10). 
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While her efforts were instrumental in focusing public health efforts on 
occupational diseases in the United States, her work completely ignored 
the occupational hazards of agriculture (II). 

One of the experiences that moved Dr. Hamilton from laboratory re­
search to field studies was attending the International Congress on Oc­
cupational Accidents and Diseases in Brussels in 19I5. At that meeting, 
Dr. Glibert of Belgium dismissed the subject of occupational health in 
the United States by stating, "It is well known that there is no industrial 
hygiene in the United States. <;a n'existe pas." During the first half of the 
20th century, industrial hygiene and occupational health were indeed 
more advanced in Europe than they were in the United States. While 
since then that situation has been corrected for heavy industry, the 
United States has continued to lag behind Europe in many areas of agri­
cultural health and safety. 

Agriculture was further removed from modern occupational health 
efforts by the Occupational Safety and Health Act of 1970, which ex­
cluded the agricultural workplace from the jurisdiction of the new Oc­
cupational Safety and Health Administration (OSHA) and its research 
counterpart, the National Institute of Occupational Safety and Health 
(NIOSH). This exclusion contributed to a drastic disparity in federal 
funding levels for occupational safety: In 19 8 5, federal spending for 
safety was $181 per miner but only 30 cents per agricultural worker, or 
over $350,000 per miner death but only $600 per agricultural worker 
death (12). 

There was finally an effort to correct the discrepancy in the late 1980s. 
In 1987, an international conference in Iowa City focused attention on 
the tragically high rates of occupational injury and fatalities in agricul­
ture and on the diminishing local and federal resources for addressing 
the problem (12). That conference and the resulting report were instru­
mental in passing federal legislation in 1989 supporting several broad 
initiatives in agricultural health and safety. The momentum from this ef­
fort was continued with the Surgeon General's Conference on Agricul­
tural Safety and Health in r99r (13). Since r990, most of the increase 
in NIOSH's extramural funding has been to support its programs in 
agricultural health and safety, a step toward correcting the agency's ne­
glect of this area in its first two decades. Nevertheless, the NIOSH effort 
and other federal programs are still much too little to address the mag­
nitude of the problem. 
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THE AGRICULTURAL WORKFORCE 

In addition to overlooking the hazards of agriculture in espousing the 
agrarian myth, Jefferson ignored much of the workforce doing the farm­
work-the southern slave population (including his own slaves). When 
he spoke about the valuable citizens and virtuous employment of the 
cultivators of the earth, he was certainly ignoring the unpaid, noncitizen 
slaves. This neglect of a large portion of farm labor continues even to­
day. The "farm family" may evoke the classic iconography of Grant 
Wood's painting American Gothic, but that image is not an accurate one 
for much of the country. 

The number of hired farmworkers, including migrant and seasonal 
workers, in the United States is greater than the number of farmers 
and family workers (14). Further, the number of persons residing on 
farms has been declining for the past 50 years, while there has been 
an increase in hired labor (15). But even these data fail to illustrate 
the . dependence of U.S. agriculture on hired workers, which varies 
with specific commodities and farm practices. For example, the aver­
age labor requirement for fruits and vegetables is 120 hours per acre, 
compared to only three hours per acre for grains, and these labor­
intensive crops are farmed primarily by hired farm labor. Over 50% 
of hired farmworkers on farms employing more than ro workers are 
located in California and Florida, two states with a predominance of 
high-value, labor-intensive crops. In California, there are r8 farmwork­
ers for each farmer, and over 80% of farmwork is performed by hired 
labor. 

Hired farmworkers are also demographically very different from 
family farmers (16). The population is young and predominantly male, 
foreign born, and Hispanic (Table 21.r). Almost half have less than 
eight years of education. This contrasts markedly with family farmers, 
who are an aging population, predominantly White male and U.S. 
born. The differences in income are also striking. One-half of migrant 
and seasonal farmworkers are below the poverty level, as defined by 
the U.S. Bureau of the Census, with a median family income of be­
tween $7,500 and $10,000 (16). Six of the ro poorest Standard Metro­
politan Statistical Areas in the United States are in California's Central 
VaUey, and median family income is negatively correlated with employ­
ment in farmwork. In contrast, our study of California farm opera­
tors found that over 50% had a household income above $50,000 per 
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TABLE 2I. I DEMOGRAPHIC 
CHARACTERISTICS OF U.S. FARMWORKERS 

VERSUS FARM OPERATORS 

Farm- Farm 
Characteristic workers Operators 

Age 
Under 25 years 30% 2% 
25-34 years 35% 9% 
35-44 years 19% 20% 
45-54 years 8% 22% 
55-64 years 7% 22% 
65+ years 1% 25% 

Sex 
Male 71% 92% 
Female 29% 8% 

Ethnicity 
White (non-Hispanic) 23% 96% 
Hispanic 72% 1% 
African-American 2% 1% 
Asian 2% 0.4% 
Other 1% 1% 

Education 
0-3 years 16% na• 
4-7 years 32% na 
8-11 years 27% na 
12+ years 25% na 

Place of birth 
U.S. born 38% na 
Foreign born 62% na 

'nn = not available. 
SOURCES: Farmworker data from U.S. Department of Labor (1991 

[16)). Farm operators data from U.S. Census of Agriculture, 1992. 

year and that over 25 % had an annual income above $100,000 (un­
published) . 

Globally, agriculture is even more dominant as a source of occupa­
tional livelihood and potential health hazards, although a detailed dis­
cussion of this topic is beyond the scope of this chapter (17) . The size of 
the agricultural workforce relates inversely to level of development (17). 
In many developing countries, 70% or more of the economically active 
population are involved in agriculture (18). 
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OCCUPATIONAL FATALITIES AND INJURIES 
IN AGRICULTURE 

Jefferson may have ignored the occupational hazards of agriculture to 
the slaves who provided the labor for southern farms, but the facts am­
ply demonstrate that the "agrarian myth" is just that-a myth. This 
myth was exploded by John Powers in a 1939 article in the Journal of 
the American Medical Association, in which he noted, 

During the past quarter century the hazards of industry, transportation, min­
ing and construction have been recognized; the economic value of safety has 
become clearly apparent and measures have been adopted to insure its pro­
motion. For agriculture, because of its primarily individualistic character, 
there has been no such recognition or supervision, and farming, though the 
oldest occupation in the world, remains the most hazardous. (19) 

Powers went on to note in a 19 50 article that 2.6.6% of the occupa­
tional fatalities in the United States were in agriculture, and this was ap· 
proximately 70% more than in manufacturing or construction (20). He 
also reported that over a quarter of a million people annually were esti­
mated to incur a disabling injury in agriculture, resulting in more than 
six million days of lost time. 

Perhaps John Powers's most prophetic observation was that the rate 
of fatal injuries in construction and transportation was declining, while 
it was increasing in agriculture. Over the past 50 years, there has been a 
significant decline in the work-fatality rates in mining and construction, 
but a comparable decline has not occurred in agriculture (Figure 2x.r). 
A similar discrepancy has occurred for occupational injuries and illness 
over the past 20 years, with significant declines occurring in mining and 
construction but not in agriculture (Figure 2.r.2.}. While there may be 
many contributing factors to this absence of significant improvement in 
agricultural fatality and injury rates, the limited occupational health and 
preventive medicine programs and the exclusion of many regulatory ef­
forts are likely to be contributing factors. 

How do occupational health indicators for agriculture compare to 
those of other major industries? One direct measure of occupational 
hazardousness is the rate of unintentional work fatalities. According to 
the National Safety Council, agriculture had the highest rate of unin­
tentional fatalities in 1993, with r,100 deaths, or 3 5 deaths per roo,ooo 
workers (Figure 2r.3, Table 2,1.2) (21). This is higher than the rates for 
mining or construction, and while the exact rates may vary depending 
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Figure 2-1 .r. Work-related death rates in U.S. industries. Source; National 
Safety Council (1994 [21]). 

on the method of ascertainment and population estimation, this indica­
tor confirms that agriculture is clearly among the most hazardous occu­
pations, with a death rate approximately four times that of all industries 
combined. Further, many studies have demonstrated that farming is un­
derreported as an occupation in standard injury surveillance data, with 
actual mortality rates being 30% to 100% greater (22,23). 

Consideration of farm residents paints an even worse picture, with 
2,400 deaths in 1993, or sr deaths per rno,ooo farm residents (21). 
This reflects the hazards to farm family members, who are not counted 
among the agricultural worker totals. For example, there are nearly 300 
deaths per year to children and adolescents from farm injuries, a par­
ticularly tragic statistic unique to agriculture, where the home and the 
workplace are the same (24). 

Another perspective on agricultural fatalities is obtained from stud­
ies of cause-specific mortality in agricultural populations. The Califor­
nia Occupational Mortality Study found that the mortality rate for falls 
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Figure 21.2. Occupational injury and illness incidence rates by industry. 
Source: National Safety Council (r994 [2r]). 

and machinery accidents among male farmworkers was 3. 8 times the 
age- and race-adjusted rates for men in all other occupations (25). Stud­
ies of mortality in other agricultural populations similarly have shown 
deaths from injuries to be several times the rate in the general popula­
tion {26). 

Farm machinery is an obvious work hazard in agriculture and has re­
peatedly been shown to be the major cause of fatal work injuries. Farm 
vehicles account for approximately half the fatal farm injuries, and the 
majority of these deaths are due to tractors (21,27). Farm equipment, 
and specifically tractors, are also the predominant cause of fatal injuries 
to children in agriculture, accounting for approximately half the deaths 
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Figure 21 .3 . Work death rates by industry, 1993. Source: National 
Safety Council (1994 [21]). 

TABLE 2I.2 UNINTENTIONAL WORK-RELATED 
DEATHS AND DISABLING INJURIES IN THE 

UNITED STATES, 1993 

Industry 

Agriculture 
Mining, quarrying 
Construction 
All industries 

Workers (1000s) 

3,100 
600 

5,900 
118,700 

'Deaths per I 00,000 workers in each group. 
sou1<cu: Notional Safety Council (1994 [21]). 

Deaths 

1,100 
200 

1,300 
9,100 

Disabling 
Death Rates• Injuries 

35 130,000 
33 20,000 
22 280,000 

8 3,200,000 . 

of children (24,28). In our study of agricultural fatalities to children 
in California, deaths of children due to machinery were 80 times more 
likely to occur in a farm setting (29). 

Data on occupational injuries and illnesses show similarly increased 
rates in agriculture. Agriculture consistently ranks with construction 
and manufacturing in having the highest incidence rates for ' occupa­
tional injuries and illnesses, based on Bureau of Labor Statistics data 
(2r}. Since these data exclude workplaces with fewer than II employ­
ees-a category that includes 9 5 % of U.S. farms-the actual rates in 
agriculture may be much higher. Underreporting of injuries among mi­
grant and seasonal farmworkers may also contribute to the underesti­
mate of agricultural injuries. It is likely that this total is one-half or less 
of the actual rate (30). Nevertheless, in California alone, there are over 
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20,000 reported disabling injuries annually among agricultural work­
ers. In Iowa, hospital admissions for traumatic injuries among farmers 
are more than three times the rate for nonfarmers (3r). 

CHRONIC ILLNESSES AMONG FARMERS 

While traumatic injuries are the most obvious cause of death and disabil­
ity among agricultural populations, a wide range of chronic illnesses are 
also more prevalent in agriculture, putting another nail in the coffin of the 
"agrarian myth." Chronic diseases also may be made worse for farmers 
and farmworkers because of barriers to health care in rurallocations (3 2). 

The National Health Interview Survey (NHIS) provides some per­
spective on chronic diseases and impairments among U.S. farmers (3 3). 
An analysis of health outcomes among 2,68 r White male farmers found 
significantly increased age-adjusted prevalences of amputations, arthri­
tis, cardiovascular disease, and hypertension among farmers compared 
to blue- or white-collar workers (Table 21. 3). Although hearing loss was 
not more prevalent among farmers as a whole, it was significantly more 
prevalent in farmers over 6 5 years of age. Both asthma and chronic res­
piratory diseases were increased (70% and 30%, respectively), although 
not quite achieving statistical significance. Many of these .findings are 
even more remarkable because cigarette smoking prevalence is lower 
among farmer populations, thus reducing the impact of one of the ma­
jor preventable causes of chronic disease in society (34). 

Mortality of farmers in California was significantly increased for 
many chronic illnesses, including cerebrovascular disease, chronic ob­
structive pulmonary disease, and cirrhosis (27). Studies of cause-specific 
mortality also have found increased suicide deaths among farmers, of­

ten attributed to the economic stresses of farming (3 5 ). 
Finally, analysis of cause-specific mortality in 23 states found excess 

mortality among farmers from vascular lesions of the central nervous 
system, asthma, and several cancers, in addition to several types of fatal 

injuries (36). 

CHRONIC ILLNESSES AND MORTALITY 
AMONG FARMWORKERS 

Data on chronic diseases and mortality among migrant and seasonal 
farmworkers are more difficult to obtain because of the lack of separate 
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TABLE 2I.3 AGE-ADJUSTED PREVALENCE FO;R 
SELECTED CHRONIC CONDITIONS 

BY OCCUPATIONAL GROUP 

Age-Adjusted Prevalence(%)" 

Blue-Collar White-Collar 
Condition Farmers 95% CJb Workers 95% CI 

Amputations 3.1 1.3-4.9 1.4 1.0-1.8 
Arthritis 11.7 8.8-14.6 9.7 8.7-10.7 
Cardiovascular 

diseases 18.7 14.4-23.0 14.9 13.3-16.4 
Ischemic heart 

disease 2.9 1.5-4.3 2.2 1.2-3.2 
Hypertension 15.5 11.8-19.2 12.3 11.1-13.5 
Hearing loss 11.6 8.5-14.7 13.0 11.8-14.2 
Skin cancer 1.4 0.4-2.4 0.9 0.5-1.2 
Chronic respi-

ratory diseases 6.7 3.4-10.0 5.2 4.4-6.0 
Asthma 5.2 2.7-7.8 2.8 2.2-3.3 
Back pain 7.8 4.9-10.7 6.9 6.1-7.7 · 
All selected 

conditions 76.0 66.0-86.0 68.1 64.1-71.9 

•Indirectly age-adjusted using the employed population as the standard. 
bConfidence interval. 

Workers 95% CI 

0.8 0.6-0.9 
6.8 6.0-7.6 

13.4 12.4-14.4 

2.4 2.0-2.8 
10.8 9.8-11.8 
10.2 9.2-11.2 

1.2 0.8-1.6 

5.3 4.5-6.1 
3.5 2.9-4.1 
6.0 5.2-6.8 

56.9 55.0-59.9 

SOURCE: National Health Interviews Survey, 1986-1990. Reprinted from Brackbill et al. (1994 [33)). 

enumeration in most surveillance data sets, missing or inaccurate de­
nominator data, and numerous difficulties in conducting epidemiologic 
investigations in this population (37,38). A comprehensive assessment 
of the health status of farmworker families in McFarland, California, 
confirmed the poor health status and inadequate health care in this pop­
ulation ( 3 8). Forty percent of families reported barriers to medical care, 
the greatest of which was cost (39). In a screening of almost all (92%) 
of the children I to 12 years of age in the town, 71 % were found to have 
one or more medical problems requiring referral. Forty percent of the 
children were referred for vision problems, 37% for dental care, and 
22 % for anemia. This study and others emphasize the lack of preventive 
health services in this population (40). A Michigan study found that less 
than I% of office visits for I- to 4-year-old children of migrants were for 
preventive care, compared to 34 % of visits by norimigrants (41). 

Clinic-based surveys of farmworkers show that proportionately more 
health care is provided for acute, infectious disease problems and less 
for chronic diseases, such as hypertension (42). Among farmworkers, 
health problems are exacerbated by poverty, lack of access to health 
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care, lack of workers' compensation coverage in many states, migratory 
or seasonal work patterns, and legal or regulatory impediments to 
health care access (37,43,44). 

Limited mortality studies among farmworkers provide evidence of in­
creased mortality from infectious and parasitic diseases (45). Increased 
tuberculosis mortality has been specifically identified among farmwork­
ers and farmers ( 28), consistent with recent data indicating an increased 
prevalence of tuberculosis among farmworkers in some parts of the 
United States (46). 

SPECIFIC CHRONIC ILLNESSES AND HAZARDOUS 
EXPOSURES IN AGRICULTURE 

Respiratory Disease 

A wide range of respiratory hazards exists within the agricultural work­
place, often in concentrations much higher than in other industries 
(Table 2r.4) (47-50). Most studies of respiratory hazards have focused 
on organic dust hazards, such as those that exist in hay barns, grain 
silos, and animal confinement units. These complex, antigenic expo­
sures are associated with acute and chronic respiratory disease, includ­
ing bronchitis, asthma, organic dust toxic syndrome, and hypersensitiv­
ity pneumonitis. Acute gaseous exposures to nitrogen oxides can occur 
in confinement situations and result in "silo-filler's disease," which may 
range clinically from transient respiratory symptoms to acute pulmo­
nary edema and death. In New York State, deaths occur from this ex­
posure every year, with an estimated annual incidence rate of 5 deaths 
per roo,ooo silo-exposed farmers (51) . Respiratory morbidity and mor­
tality are also common from exposure to animal confinement-generated 
gases, such as ammonia, chlorine, and hydrogen sulfide (50). 

Chemical exposures cause respiratory disease, either directly affect­
ing the respiratory tract or causing systemic illness via respiratory ab­
sorption. Paraquat is an herbicide that causes death from respiratory 
failure following ingestion and may result in respiratory morbidity from 
occupational exposures (52) . Examples of agricultural chemicals ab­
sorbed through the lungs that cause significant morbidity and mortality 

include the fumigants phosalone and methyl bromide (53,54). 
Recent studies have focused on inorganic dust exposures in agri­

culture, particularly in dry climates such as California and other west­
ern states (55). Exposures to dusts in agriculture _may be substantially 
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TABLE 2I.4 RESPIRATORY HAZARDS 
IN AGRICULTURE 

Agent Examples Sources Diseases 

Dusts 
Organic Grain, cotton, Barns, silos, Asthma, hypersensi-

hay, endotoxin, storage facilities, tivity pneumonitis, 
vegetable fiber, harvesting organic dust toxic 
sugarcane operations syndrome (ODTS), 

byssinosis, chronic 
bronchitis 

Inorganic Silica (quartz), Soil-disturbing Pulmonary fibrosis, 
silicates operations chronic bronchitis 

Gases NH3, H:i.S, N02, Silos, animal Silo-filler's disease, 
CH4, CO, CO2 confinement acute tracheobron-

facilities chitis, pulmonary 
edema, asphyxiation 

Chemicals 
Herbicides Paraquat Applicators, Pulmonary fibrosis 

storage 
Fertilizers NH3 Storage Mucous membrane 

containers irritation, trachea-
bronchitis 

Miscellaneous 
Solvents, fuels Diesel fuel Storage Mucous membrane 

containers irritation 
Welding fumes NOx, 03, phos- Welding Bronchitis, 

gene, metals operations emphysema 

greater than levels for nuisance dusts in general industry. Further, toxic 
components in inorganic agricultural dusts, such as the fibrogenic agent 
crystalline silica, may be present at levels above the allowable indus­
try standard in a majority of samples (55). We have recently demon­
strated an independent association of wheezing and chronic bronchitis 
with agricultural dust exposure among California farmers (56), and our 
earlier work found reduced vital capacity of the lungs among grape 
workers (57), a crop with higher exposure to dust and silica (5 5). Ear­
lier studies have shown fibrotic dust diseases of the lungs of agricultural 
workers in California and elsewhere (50,58), and recent work has also 
identified increased prevalence of interstitial or fibrogenic disease of the 
lungs among farmers, although the extent of these disorders is largely 
unknown. 
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Pesticide Illnesses 

While most popular impressions of agricultural health hazards immedi­
ately focus on pesticides and other agrochemicals, these toxic agents ac­
tually account for only a small proportion of known disease and illness 
in the agricultural workplace in the United States and other developed 
countries. Conversely, pesticides account for a disproportionate share of 
the agricultural morbidity and mortality in developing countries (59). 
Nevertheless, many pesticides are potent systemic toxins and neurotox­
ins that result in acute illnesses and deaths each year, and the long-term 
effects of exposures are largely unknown. In California, where pesticide 
illness is reportable, there are over r,ooo acute illnesses among agricul­
tural workers reported annually (60). The spectrum of acute effects, or 
"toxidromes," from pesticides ranges from eye and skin toxicity to sev­
eral systemic manifestations, including respiratory, gastrointestinal, cen­
tral, and peripheral neurologic impairments (6r). 

Many chronic illnesses have also been associated with pesticide ex­
posure, including cancer ( 62), respiratory insufficiency, chronic neuro­
logic disorders (63,64), and miscarriage and other reproductive toxicity 
(33). While most of these findings have not achieved a scientific con­
sensus as to causality, others have shown consistent, biologically plaus­
ible associations in several studies. An example of this latter situation 
is the association of lymphoma with exposure to the phenoxy herbi­
cides {62,65,66). For other health outcomes, such as Parkinson's dis­
ease ( 64) and neurobehavioral impairment (63 ), provocative hypothesis­
generating studies exist that require further investigation before any 
causal linkage can be confirmed. The possibility exists that cumulative 
low-level exposures or acute high-dose exposures may result in delayed 
adverse health effects ( 63 ). Surveillance of acute illnesses will not detect 
these effects, which occur years after the exposure. · 

Musculoskeletal Trauma 

Many characteristics of farmwork typify ergonomic factors associated 
with an increased risk for musculoskeletal trauma and degenerative dis­
orders. Farmwork often requires heavy lifting, commonly in abnormal 
postures. This situation exists for the farmer loading hay into a barn as 
well as for the farmworker harvesting fruit into bags while balancing on 
a ladder. Incorrect postures and whole-body vibration are associated 
with driving tractors and other farm equipment, and these factors in-
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crease the risk of low-back pain (67). This exposure may be further ex­
acerbated by the very long hours of tractor driving required in agri­
culture. Many harvesting tasks require farmworkers to perform rapid, 
repetitive motions of the upper extremities, factors known to cause or 
exacerbate ergonomic stress and cumulative trauma injuries. 

Is there evidence of increased musculoskeletal trauma and degenera­
tive disease in agriculture? Poor ergonomic design is associated with 
increased traumatic injury, which is well established in agriculture, as 
noted previously. The NHIS found a significantly increased age-adjusted 
prevalence of arthritis among male farmers compared to other currently 
employed males (36). An analysis of U.S. workers' compensation in­
jury data for agriculture showed that over one-third of claims were for 
strains/sprains, and one-half of these were for back injuries (68). Farm­
work in the fruit and nut tree industry was specifically identified as hav­
ing increased sprain and strain injuries, and the highest percentage of 
these were from back injuries caused by lifting. Other analyses of farm­
work have identified manual lifting in the field by farmers as the great­
est risk for low-back pain. 

An Italian study of tractor drivers found significant reduction in spine 
mobility compared to a control population, a likely result of the er­
gonomic stresses of tractor driving ( 69). Other degenerative joint dis­
eases are also more common in agriculture. For example, two studies of 
hip joint degeneration have found it to be significantly more common 
among farmers than among control groups (70,71). In one study, hip 
osteoarthritis was almost ro times more common in those who had 
farmed for more than ro years and was not associated with any single 
type of farming (70). There are little or no data on degenerative joint dis­
ease among hired farmworkers, although the nature of the work would 
suggest that these late-onset outcomes would be increased in frequency. 

Noise-Induced Hearing Loss 

Ample literature has demonstrated that excessive noise exposure is as­
sociated with high-frequency sensorineural hearing loss. Noise and vi­
bration are integ.ral parts of many agricultural operations. In one study, 
7 s % of tractors without cabs had noise levels in excess of 90 decibels, 
the occupational standard and a level associated with increased hearing 
loss (72). 

The NHIS found significantly increased hearing loss among farmers 
over age 6 5 (3 6). In a study of New York dairy farmers, 6 5% had high-
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frequency hearing loss, which was significantly greater than the rate 
among control subjects (73). Other studies have confirmed the associa­
tion of noise exposure in farming with increased hearing loss (74). Of 
even greater concern is a Wisconsin study finding an increased preva­
lence of hearing loss among teenage children who did farmwork com­
pared to those who did not (75) . 

Cancer 

Agricultural workers are exposed to a wide variety of potential carcino­
gens, including chemicals and physical and biologic agents {76). Poten­
tially carcinogenic chemicals include not just herbicides and pesticides 
but also solvents, oils, welding fumes, wood preservatives, and other 
chemicals used on the farm. Ultraviolet radiation from sunlight is a phys­
ical factor directly associated with skin cancer, and biologic agents of par­
ticular concern in agriculture are viruses associated with farm animals. 

Analysis of U.S. mortality data and numerous other data sources in­
dicates that male farmers have excess mortality from cancers of the lym­
phatic and hematopoietic systems, lip, eye, brain, and prostate (39,65). 
Other cancers are increased among farmers, including cancers of the 
pancreas, kidney, and bone, but with less consistency. Farmers have de­
creased mortality from cancers of the lung and bladder, in large part be­
cause of their lower prevalence of cigarette smoking. 

Most etiologic studies have focused on chemical agents, particularly 
pesticides. The data are consistent for an association of phenoxyacetic 
acid herbicides-in particular, 2,4-dichlorophenoxyacetic acid (2,4-D) 
-with a two- to eightfold increase of non-Hodgkin's lymphoma in stud­
ies conducted in Sweden, Kansas, Nebraska, Canada, and elsewhere ( 66). 

Skin cancer is increased among farmers, and exposure to sunlight, a 
known risk factor, during work is the likely etiologic factor (77). For 
other cancers, a consistent increase is observed among farmers, but spe­
cific etiologic agents have not been identified; for example, many studies 
have documented an increase in prostate cancer among farmers ( 78 - 8 o). 

Stress 

An often overlooked health problem in farming is stress. The numerous 
sources of stress on the contemporary farm include financial uncertainty 
and losses, intense time pressures, drought and other natural disasters, 
intergenerational conflicts, and health and safety concerns {81). Mani-
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festations of this stress may include causation or exacerbation of rela­
tionship problems, substance abuse, increased home violence, suicide, 
and several chronic diseases. While farm stress has been the subject of 
much speculation and many popular novels, few studies have looked at 
stress in farming populations. Surveys of urban versus rural populations 
have generally shown no differences in levels of overall stress or psycho­
logic distress, but several specific factors in farm populations suggest 
that stress may be an important risk factor for disease. Suicides are in­
creased among male farmers in the Midwest (82,83), although not in 
California (25). There are little data on stress among migrant and sea­
sonal farmworkers, but poverty, job uncertainty, poor housing condi­
tions, and family separations may all contribute to stress-related health 
outcomes (84). 

Other Chronic Diseases 

Many other chronic health conditions may be increased in agricultural 
populations, although specific etiologic factors often have not been iden­
tified. Dermatitis is increased in agriculture and may significantly con­
tribute to workplace morbidity, although it is rarely a cause of death 
( 8 5 ). Numerous agricultural exposures may result in adverse reproduc­
tive outcomes, including miscarriage, infertility, and birth defects ( 3 3). 
A few specific risk factors have been identified, such as the permanent 
infertility associated with DBCP (a nematocide) manufacturing (86), 
but most studies have observed ecologic associations and require further 
investigation (87) or require confirmation in different settings and in­
vestigation of specific mechanisms (88). Other chronic diseases that are 
increased in agricultural populations and that deserve further investi­
gation and preventive efforts include cardiovascular and infectious dis­
eases (26,3 6,39 ). 

RECOMMENDATIONS FOR DISEASE PREVENTION 
AND HEALTH PROMOTION 

While occupational health and preventive medicine have only recently 
focused much attention on the agricultural workplace, these recent ef­
forts and increased resources suggest that progress can be made in 
reducing illness and injury among farmers and farmworkers. The first 
step, recognition of the problem, was greatly advanced with the Surgeon 
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General's Conference on Agricultural Safety and Health in r99r (I2). 
There is also evidence that farmers are concerned with occupational 
health and safety. A survey of approximately r,500 farmers in the Mid­
west and East found a high level of concern about farm health and 
safety, with the major areas of concern being stress, trauma, and respi­
ratory problems (89). In a recent survey of California farmers, we also 
found a high level of concern about health and safety, with injuries, pes­
ticides/farm chemicals, and respiratory problems ranking highest (90). 
However, unlike their midwestern and eastern counterparts, over two­
thirds of the California farmers stated that farming was less hazardous 
than other occupations, and only 9 % correctly recognized that it was a 
more hazardous occupation than others. 

The classic approach to occupational disease prevention involves a 
combination of the triad of engineering, education, and enforcement. I 
believe that each of these has a role to play in preventing illness and in­
jury in agriculture, and I will highlight a few examples. It is important 
to note that approaches to this problem are complex and multidiscipli­
nary, and solutions must be sensitive to the unique needs and require­
ments of farm families. Approaches to some of these problems may 
require the input of epidemiologists, occupational health specialists, pe­
diatricians, behavioral scientists, sociologists and anthropologists, agri­
cultural engineers, media experts, public health officials, educators, reg­
ulators, an_d farm family members and farmworkers themselves. 

Engineering 

One of the most dramatic engineering solutions to an agricultural health 
problem is the rollover protective structure (ROPS) for tractors. Tractors 
are the most common cause of fatal farm injuries, and tractor overturns 
are the single most important cause of tractor-associated fatalities, ac­
counting for over 50 % of fatalities ( 2. 7,9 r). The rate of tractor-associated 
fatalities has not changed in the United States for the past r5 years. In 
Sweden, the annual fatality rate from tractors overturning was reduced 
from r2 per roo,ooo farmers in 1961 to r per roo,ooo farmers, or vir­
tual elimination, in r 9 8 I (9 2.). This dramatic reduction was achieved by 
a r9 59 law mandating ROPS on all new tractors, followed by a 1978 
law prohibiting the use of tractors without ROPS. In Iowa, of 90 trac­
tor overturns analyzed, there were no fatalities involving tractors with 
ROPS (93). The persistence of traumatic fatalities in the United States 
from _tractor rollovers, when an engineering solution exists and has been 
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demonstrated to be effective, has been termed an "occupational obscen­
ity" (13). 

Many other agricultural hazards exist fo; which engineering solu­
tions can and should be the first approach to exposure or injury pre­
vention. For example, power takeoffs (PTOs) account for approximately 
7% of tractor-related fatalities. Designing a simple, effective, and inex­
pensive guard for PTOs should be a high priority for reducing the mor­
bidity and mortality associated with this piece of farm equipment. 

Engineering solutions should also be developed to detect hazardous 
situations or to reduce the levels of exposure to toxins. For example, in­
expensive monitors could be developed to detect excessive levels of en­
dotox:in or toxic gases in enclosed farm environments. Farm equipment 
could be designed to be quieter; and monitors could signal excessive 
noise levels. Chemical exposures could be reduced by further develop­
ment of enclosed systems for pesticide mixing and use and improved 
personal protection against agrochemicals in various climates. In gen­
eral, the design and development of farm equipment should include con­
sideration of potentially hazardous exposures in addition to improved 
production efficiency. 

Education 

Education is a fundamental element of any strategy to address agricul­
tural health and safety issues. To be most effective, this effort should be 
directed to several audiences. These include the following: 

• Farmers and farm family members, to increase their awareness of 
hazardous farm conditions and their knowledge of hazard reduction, 
proper equipment usage, and the proper emergency response to acute 
injuries and illnesses. Parents should also understand the importance of 
adequate supervision on the farm and the need for children to have age­
appropriate tasks. 
· Farm children, to increase their knowledge of farm safety and their 

ability to recognize hazardous situations. 
• Rural residents, to promote general awareness of these issues and 

knowledge of first aid procedures. 
• Primary care physicians and health care providers, who are often the 
only medical contacts for farmers and farmworkers. 
• Hired farmworker populations, to educate this population by in-
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creasing awareness of agricultural health hazards. An education must be 
culturally and linguistically appropriate. 

Agricultural extension agents. 

Many potential avenues exist for these educational efforts, including 
schools in rural areas; volunteer organizations such as 4-H, FFA, and 
Farm Safety for Just Kids; and the popular media. 

Educational efforts to promote farm safety have existed for decades, 
but there has been little improvement in agricultural injury or fatality 
rates. This does not mean that education should be abandoned but 
rather that it should be done more selectively and effectively. Educa­
tional efforts should be formally evaluated to determine their effects on 
knowledge, behavior, and, ultimately, health outcomes. It is no longer 
adequate to simply print up a poster or a brochure and expect that its 
existence or distribution will address the problem. Modern media and 
the behavioral sciences have developed powerful tools for affecting be­
haviors in the marketplace, and these can be applied to health and safety 
in agriculture and other work locations. These tools have been applied 
effectively, for example, to reducing cigarette smoking and other car­
diopulmonary risk factors for disease. The marked decline of ciga­
rette smoking in California, home to an aggressive antismoking cam­
paign, provides dramatic evidence of the effectiveness of these methods. 
A review of the medical literature identifies hundreds of articles on 
strategies for reducing cardiopulmonary risk factors, including effective 
approaches with minorities and other special populations (94). In dra­
matic contrast, a search of the literature for behavioral interventions in 
agriculture turns up only a handful of articles. 

Enforcement 

Regulation has a role to play as one approach to improving farm health 
and safety, but its role must be both realistic and appropriate. The large 
number of small farms spread across the country means that most reg­
ulations would have little or no chance for enforcement. Small family 
farms also have few resources for additional regulatory burdens, such as 
record keeping, industrial hygiene -assessments, or complex engineering 
changes. For large corporate farms, where resources do exist for the im­
plementation of appropriate health and safety regulations, a more tra­
ditional industrial approach to health and safety may be possible. Some 
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regulatory approaches are both logical and have proven effective. For 
example, banning of the most hazardous pesticides in California is a di­
rect contributing factor in the reduction of agriculturally related pes­
ticide illnesses (60). Mandated educational programs for pest-control 
operators in California also may have contributed to a reduction in 
acute pesticide illnesses in the state. Mandated safety changes in agri­
cultural equipment should also be required as they are in the automo­
tive industry. 

Enforcement efforts should also focus on labor regulations for hired 
farmworkers as has recently been done in California with the joint CAL/ 
OSHA and U.S. Department of Labor Targeted Industries Partnership 
Program (TIPP) (95). This novel program developed the first compre­
hensive electronic database of farm labor contractors and crew leaders 
who operate in California. This merged file made it possible for all agen­
cies to cross-verify registration and license records, utilize the files for 
outreach to local employers, and develop strategies for education and 
enforcement. Subsequent work included adding compliance history in­
formation concerning specific labor contractors. Compliance records 
are utilized to schedule inspections, particularly involving contractors 
with a history of repeated citations. 

Research 

It is critical that research be done to identify the specific health hazards 
in agriculture, the factors that cause or contribute to those hazards, in­
dividuals at increased risk of disease or injury, and the effectiveness of 
proposed or attempted interventions. The Surgeon General's Confer­
ence noted several priorities for research to reduce agricultural injury 
and illness (r3). These include the following: 

• Better characterization of risk factors and specific physical, chemical, 
and biologic health hazards 
• Research to address the effects on chronic diseases of combined ex­

posures and repeated acute exposures 
• Epidemiologic investigation of the safety and health problems of spe­

cial populations (e.g., migrant workers, children, and women) and of re­
gional patterns of injury and disease 
• Research on intervention strategy alternatives (e.g., education, regu­
lation, and engineering controls), protective technology, the efficacy of 
standards, and the role of personal actions 
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The Conference also identified the need for more surveillance of agri­
cultural injuries and illnesses and for interventions in the areas of haz­
ard elimination, passive controls, and behavioral changes. These inter­
vention efforts must include appropriate evaluation of their effectiveness 
in reducing agricultural injuries and illnesses. 

Recent work at the University of California, Davis, has identified risk 
factors for increased agricultural disease. In a study of agricultural dust 
exposure, a cause of adverse respiratory symptoms, specific factors as­
sociated with increased (and decreased) dust exposure were identified 
(96). An investigation using statewide pesticide illness surveillance and 
use data identified high risk factors for pesticide illness among agricul­
tural workers in California (97). These studies are important for the 
prevention of respiratory disease and pesticide Hlnesses because they 
identify high-risk groups for whom educational efforts and engineering 
interventions will have the greatest benefit. 

Other research by Davis investigators has focused on improving the 
standard cholinesterase assay used to measure pesticide exposure (98). 
With regard to California clinical testing of cholinesterase, they have 
found that systematic errors in the testing of blood enzymes, especially 
the cholinesterase of the red blood cells, introduced errors of at least 
40% in the values. The application of these findings involves develop­
ment and dissemination of new, more accurate methods of cholinester­
ase testing for medical surveillance of agricultural workers and for use 
in clinical research. This work is an example of agricultural health re­
search, moving from fundamental mechanisms to application, outreach, 
and intervention. 

THE FUTURE 

Agriculture is an occupation whose hazards have historically been ig­
nored in the United States. Other occupations thought to be "inher­
ently" hazardous, such as mining, have seen dramatic reductions in in­
juries and illnesses at the same time as more productive technologies 
have been instituted. Unlike mining, agriculture has not suffered the sort 
of mass disasters that catalyze action and resources to address a prob­
lem; nevertheless, there is now increased recognition of the hazardous 
nature of agriculture, and the situation is changing. 

Approaches to injury and illness prevention in agriculture must use 
modern techniques of disease prevention and health promotion. They 
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also must take into account the changing nature of the agricultural 
workplace and of health care delivery, particularly in the rural setting. 
Agriculture is a very diverse industry, and solutions must be appropriate 
to the local political, geographic, and cultural factors and to the farm 
practices of the region. Farming is the oldest occupation and was one of 
the first in which it was recognized that work could be hazardous as well 
as rewarding; it deserves our best efforts and the necessary resources to 
make it as safe, and its workers as healthy, as possible. 

NOTE 

Th.is work was supported by che National Institute for Occupational Safety and 
Health (NIOSH) cooperative agreement (Uo7-05) and by an award from The 
California Wellness Foundation and the University of California Wellness Lec­
tures Award Program. 
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