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Foreword

The reader of this volume will experience a voyage of discovery with one of
the finest guides available. James E. Lessenger has combined experience in
private practice, preventive medicine, and public service in California’s San
Joaquin Valley, one of the most productive agricultural regions in the world.
His experience and selection of chapter authors is, in every sense, a contribu-
tion to illuminating the art and science of agromedicine. As one examines the
table of contents, one is impressed by the range of topics and the importance
of each concern. Covering both injury prevention and environmental haz-
ards, this innovative work is a practical guide for the family physician work-
ing in a rural area. The contents demonstrate the vitality of agromedicine
and the vision and insight of the authors.

The chapters on farm chemicals provide thorough information about the
many types of chemicals commonly used in the farm environment, how they
are applied, and the principles of diagnosis and management for family
physicians treating patients for toxic chemical exposure. These chapters
underscore the fact that the use of farm chemicals is one of the things respon-
sible for the increase in worldwide agricultural production and that risks can
be managed through preventive measures.

The Agricultural Medicine represents a benchmark in the evolution of a
concept begun in South Carolina over two decades ago called agromedicine.
Several faculty members at two state-supported universities in South Car-
olina needed a shortened name for our closer partnership between the land
grant campus of Clemson University and the Medical University of South
Carolina at Charleston. In 1983 the agromedicine program was only an idea:
how to provide an innovative public service program to benefit farmers and
farm families with the most useful information on health, safety, nutrition,
and preventive medicine. The new term agromedicine connotes an update of
the traditional terms agricultural health and safety and agricultural medicine.

The need for the agromedicine partnerships is just as real now as it was in
its inception. The target population of farmers, farm families, and consumers
of food and fiber are underserved by direct and effective forms of preventive
medicine. These forms include health education, patient motivation, and food
safety. Dr. Lessenger’s book addresses these issues as well as preventable dis-
orders such as noise-induced hearing loss, ultraviolet light-induced skin can-
cers, heat and humidity syndromes, allergic anaphylaxis, zoonoses, injuries,
and pulmonary disorders.

Complex agromedicine questions keep arising: How should we focus on
the most practical health measures for the average hard-working rural farm



vi Foreword

family and consumer? How should we react to illnesses resulting from haz-
ards such as infectious rodents and ticks, noxious hog-farm odors, botanical
toxins and dermatitis, pesticide residues measured in food at parts per billion
or trillion, self-medication with herbal preparations, and excessive stress pre-
disposing farmers to depression and suicide? How should we define the prob-
lem, select countermeasures, and communicate to farmers and farm families
at risk?

The average farm family today differs from that of the 1980s. Rural
patients and extension clients in the past were less oriented to the media and
untouched by cyberspace. Today’s farm family can be deluged with health
information and misinformation. One constant issue is that health insurance
is still an unmet need for many farm families. Chapters 1 and 2 of this book
address the context of agricultural medicine and traditions that affect treat-
ment. Health issues of migrant farm workers are also covered.

Our experience in South Carolina helped other southeastern states initiate
similar interuniversity partnerships for their farmers and farm families. Nat-
urally, priorities and methods of outreach vary with the types of agriculture.
Grain farmers endure different hazards than orchard sprayers; the ergonom-
ics of dairy farmers differ from those of vineyard workers; heat stress and
cold injury vary with climate. Client-based research will lead to a broadened
range of preventable health problems, whether they involve food bioterror-
ism, the Norwalk virus in oyster beds, immunodeficiency in poultry workers,
asthma in hog-confinement operations, or anaphylaxis from fire ant stings.

In South Carolina, in the 1980s, client-based research led us into medical
entomology and epidemiology: How many cases of Lyme-like illness are
never reported? How can people protect themselves from unnecessary tick-
borne disease? How can patients get specific antibiotic/antiinflammatory
treatment early? How can primary care physicians offer earlier diagnosis and
treatment? It is clear that agromedicine is not a subspecialty of occupational
medicine seeking academic or grant recognition as it is a responsive pro-
grammatic approach to emerging rural health problems in exposed segments
of the population.

Stan Schuman, MD, DrPH, LLD



Preface

This is the book I wish I had when I started practicing medicine in an agri-
cultural community. During 22 years of researching, practicing, and teaching
agricultural medicine, I have encountered bat bites, thorn punctures from cit-
rus, grain harvester machine entrapments, and pesticide exposures. I have
seen packing-house women who routinely got into fist fights, and a lawyer
run over by a bull while visiting a dairy. I’ve treated farm laborers from Mex-
ico who worked 12 hours a day, and millionaires dressed in mud-caked jeans
and boots, looking not much different from the day laborers.

People in agriculture are a hearty and bull-headed group. You can tell a
cowboy to wear a cast; the next day he will be riding a bull with the cast miss-
ing. He will tell you he “lost” it. Or the farmer will insist on working even
though his finger was just cut off by a machine: “It’s just bleeding a little,
Doc. Can’t you put a butterfly on it?”

This book cuts across several different medical disciplines to include those
subjects of importance to a physician practicing in an agricultural area. As
such, it is a reference and overview of those subjects that form the core of
primary care in farming communities. Important topics include the broad
field of farm chemicals, the nexus of food safety and employee health, com-
mon injuries seen in agriculture, and special topics including mental health,
diseases and injuries of veterinarians, and zoonoses.

This book is intended for students, researchers, academicians, and, most
important, physicians on the front lines of illness and disease among agricul-
tural workers. It is designed to be as useful as a text to students new to the
field and as a reference for those of us who have been in the field for decades.

The authors of this book are as diverse as the field of agriculture is broad.
Professionals from around the world and representing multiple scientific dis-
ciplines have contributed. They come from academia, clinical practice, scien-
tific institutions, and industry to present a broad-based introduction to the
care of individuals in a diverse field.

I am indebted to Dr. Stan Schuman, editor emeritus of the Journal of
Agromedicine, and Dr. Robert Taylor, editor of Family Medicine: Principles
and Practice, for their guidance and help over the last decade.

I am grateful to Robert Albano for the opportunity to write this book.
Developmental editor Merry Post was instrumental in bringing it to fruition.
My son Ernest, now an MBA student at Rice University, helped me with all
the computer setups. My wife, Leslie, who has a Ph.D. in psychology and

vii
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keeps me sane, helped with research, reviewed manuscripts, and gave encour-
agement. My deepest thanks to all those involved in this project.

James E. Lessenger, MD, FAAFP, FACOEM
Porterville, California
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The Agricultural Environment

WILLIAM M. SIMPSON, JR.

Key words: developing world, genetically modified foods, genetically modified
organisms, migrant workers, seasonal workers, sensitive population

Of the more than 6 billion people in the world, more than half live in rural
areas and more than 40% are involved in the production of food and fiber.
But, as would be expected, there are substantial differences between the
developed and developing worlds in how much human effort it takes to sup-
ply the food and fiber needs of their populations. In the developed world,
only 7% of the population is involved in agriculture, while in the developing
world just over half spend their working lives in farming activities. The
importance of an adequate supply of food cannot be overemphasized.
Adequate fuel for mental and physical activity is necessary for life and health.
In addition, the value of food and fiber to the world economy is not trivial.
The worldwide gross domestic product (GDP), the total value of goods and
services produced, is approximately $7600 per capita or $46 trillion; agricul-
ture accounts for 6.2% of the GDP or nearly $3 trillion. The world system of
production, processing, distribution, and marketing is incredibly complex.
We will review the highlights of that system here (1).

Agriculture in the United States

From 1950 to 1980, United States farm output doubled. At the same time,
the number of farms fell from over 5 million to approximately 2 million, aver-
aging 400+ acres in size and covering a total of nearly a billion acres. The
farm population shrank from 23 million to 6 million (from 15% to 2.7% of
the population). The number of persons supplied with farm products grew
from 15 to 65 for each farm worker. The estimated market value of land and
buildings on an average farm is over $500,000 or over $1200 per acre.
Equipment is valued at nearly $70,000 per farm. Averages are somewhat mis-
leading since 1.8 million of the 2 million farms in the United States are less
than 500 acres. The market value of agricultural products sold in 2002 was
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more than $2 billion, or almost $100,000 per farm. Again, averages are mis-
leading since the top 15% of farms, in terms of size, produced almost 80% of
the gross farm income.

The 2002 Census of Agriculture by the United States Department of
Agriculture found a slight decline in the total number of farms, but a much
more significant loss (18%) in the number of corporate farms (74,000 from
90,000), reversing a trend of increasing corporate ownership of farms that
began in the 1970s (nearly doubling between 1978 and 1997). Sixty percent of
principal operators of U.S. farms have farming as their primary occupation,
s0 40% of farm operators have jobs off the farm that they consider their pri-
mary employment. The average age of principal farm or ranch operators was
55.3 years compared to 54 years in 1997, which continues a 25-year trend of
aging among American farmers. The typical family farm today is a commer-
cialized and specialized business, concentrating on one or two commercial
crops. It utilizes machinery to the greatest extent possible on large fields and
usually depends on borrowed capital to purchase equipment, seed and feed,
fertilizer, pesticides, and veterinary treatments and services to maximize
yields. In an environment such as this, much more than just farming skills are
needed to be successful (2).

Agriculture in the World

To go beyond the distorted view presented by statistical averages about world
agriculture requires dividing the world into at least three groups; the “haves”
or “First World,” for whom food security is not an issue, the “have nots” or
“Third World,” who live on less than $1 a day, and the large group of
“in-betweens” or “Second World.”

The First World consists of approximately 1 billion people who are largely
removed from their agricultural roots, take a plentiful and inexpensive food
supply for granted, and are increasingly conscious of environmental issues.
For them, international aid and development are low priorities. In the Third
World, another billion people, mainly rural and chronically malnourished,
are living in countries where the free market economic model does not work.
This group qualifies most for humanitarian assistance but they need much
more than that. They need to learn better farming practices to increase yields
while decreasing soil erosion and desertification. In the Second World, 4 bil-
lion people live in countries where the state and market economy generally
do not function well, but there is a widespread desire to do better. Doing bet-
ter requires assistance in developing markets, protection of distribution,
implementation of good agricultural practices, and application of biotech-
nology (3).

More than half of the “have nots” are found in Asia and the Pacific
(60%) and 24% are found in sub-Saharan Africa. However, the proportion
of the population that is undernourished is very different in the two
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regions. In sub-Saharan Africa one third of the population is undernour-
ished, while one sixth is undernourished in Asia and the Pacific, and one
tenth in Latin America, the Caribbean, the Near East, and North Africa.
The incidence of undernourishment has declined from 28% of the popula-
tion of the world in 1980 to 17% in 2000. Most of the improvement has
been in Asia and the Pacific, which halved their incidence of undernour-
ishment. Undernourishment in other areas of the world has only slightly
improved or remained stagnant during the same time period. As of late
2003, food emergencies exist in nearly 40 countries, more than half in
Africa, eight in Asia, five in Latin America, and two in Europe. In many
of these countries, food shortages are compounded by the impact of HIV-
AIDS on food production, transport, distribution, and utilization (4).

The Farm Culture

Ownership Patterns

Patterns of ownership and control of farm resources vary around the world
depending on the philosophy and activity of government, stage of economic
development, type of agriculture engaged in, and practices of inheritance and
tradition. Farming in the United States, Canada, and most Western countries
was founded on the family-farm concept. The head of the family is the head
of the farm. The farm is large enough to provide most or all of the family
income but small enough to be operated largely by members of the family. In
the United States the concept of the family farm was supported in government
policy (homesteading, squatter’s rights, etc.) that encouraged settlers to take
up farming on plots of land that were “family-farm sized.”

In Latin America, family farms exist, but a larger proportion of land is
concentrated in large holdings, and as a result there are a large number of
very small farms and relatively poor farmers. Land reform (more equitable
distribution of land resources) is one of the recognized needs for farm
progress and for development in this region. The tropical (or sub-Saharan)
portion of Africa is, for the most part, agriculturally backward. Farms are
most often very small and primitive and a large part (80% or more) of the
total population is engaged in farming. Much of this region is a pattern of
shifting, “bush-fallow” agriculture, where land is farmed for a few years, then
allowed to return to bush for a few years. Intermixed among these millions of
small farms are plantations and large farms, many operated by Europeans,
producing specialized commodities (cocoa, coffee, peanuts, palm oil,
tobacco, etc.) mostly for export. The temperate part of Africa is a mixture of
large and small farms that emphasize grains and grass/livestock.

In Asia, farm organization varies from the nomadic agriculture of the
Arabian desert, to the traditional peasant economies of India and Southeast
Asia, to the post-Communist economy of the People’s Republic of China.
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In Western Europe, farms are generally smaller than in the United States,
Canada, and Australia, but productivity per acre is high, and land resources
are intensively farmed. In Eastern Europe, the fall of the Soviet Union has
left agriculture in disarray, but the possibility of westernization exists and has
begun to a limited extent.

Farm Workers

In addition to the farm owner, who usually serves as the primary farm
worker, other family members often serve as part-time farm workers.
Women have been involved in the production of food and fiber for millennia
but have only recently begun to take on farm management roles. Children
have been pressed into agricultural work at times of high labor need on the
family farm and find themselves helping to make ends meet on subsistence
farms around the world and as migrant laborers working with their
parent(s).

Seasonal agricultural workers are usually employed in agriculture 1 to 5
months a year. Their numbers have decreased in the recent past due to mech-
anization of many farm practices. Now in the United States, only 1 in 20 agri-
cultural workers is seasonal. Eighty percent of the seasonal workers move
considerable distances to find work on a daily basis but never sleep away from
their homes for employment purposes. Twenty percent are truly migrant
workers. These migrant workers usually travel in one of three streams—in the
east from Florida to New York and New Jersey, in the mid-continent from
Mexico across the middle of the country as far east as Ohio and as far west
as Oregon and Washington, and in the west from Mexico to California and
Arizona. Migratory and stable seasonal agricultural laborers are among the
lowest paid and least protected American workers. A number of legislative
and legal interventions have been undertaken to improve conditions for
migrant workers. Child labor has been outlawed, minimum housing stan-
dards have been set, systems for forwarding health and school records have
been established, and farm labor contractors are required by law to register.
Despite these improvements on paper, enforcement is sometimes inadequate.
Unionization of farm workers has, in most instances, improved working and
living conditions for their members (5).

Sensitive Human Populations

Groups have been referred to as “sensitive populations” because their
response to particular exposures is presumed to be greater than that of the
general population. Very young and very old individuals have traditionally
been considered sensitive to various stresses (heat, cold, infectious agents).
On the family farm, the youngest and the oldest members of the family are
sometimes pressed into service in times of heavy work demands or just
because they want to help out. This may put these populations at greater risk
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for injury or illness. The elder person with poor eyesight because of a cataract
is more likely to have an accident while operating machinery. The youth who
is inexperienced may take unnecessary risks or fail to utilize personal protec-
tive equipment. These sensitive populations require education and supervi-
sion to ensure safe participation in farming. Groups such as “Farm Safety 4
Just Kids” (www.fs4jk.org), 4-H Clubs, and Future Farmers of America help
to provide this education.

In addition to sensitive populations that actually work on farms, addi-
tional sensitive populations are exposed to potential agricultural risks
because of encroachment of housing and business development into areas
that were previously farmland and immediately adjacent to land currently
under cultivation or used as pasture. Drift of fertilizers, pesticides, herbicides,
and odors only rarely have true adverse health effects, but involuntary expo-
sures of any kind are emotionally and physically stressful and may lead to
symptoms and legal conflicts. Persons with immunosuppression for organ
transplant or due to infection have additional theoretical risk from living in
close proximity to an agricultural operation.

More general concerns have been raised about the effect of genetically
modified foods and organisms on the quality and safety of the food supply
and risks for the development of “super-weeds” and highly resistant organ-
isms. The issues are controversial and much additional data is needed for
final answers, but a recent (2004) Food and Agriculture Organization (FAO)
conference on genetically modified crops has shed some light on these con-
cerns. More than 80% of genetically modified crops are herbicide resistant,
meaning herbicides can be applied to the crop to control weeds without
affecting the crop itself. This decreases the rate of soil erosion, preserves
moisture in the soil, and decreases hand labor use, all positive impacts. While
some weed resistance has developed, it appears that the rate of resistance
development is not significantly different from that which occurs naturally.
More study of the issue was recommended. Crops that include Bacillus
thuringiensis (Bt) are resistant to many pests (the Bt incorporated in the plant
material is toxic to the insect that ingests it). While pest species may develop
resistance over time, decreasing rates of pesticide use on crops with Bt may
decrease resistance pressure, making other pesticides that are used more
effective. Again, the issues are complex and the FAO study group recom-
mended further study. Drought and salinity tolerance are additional charac-
teristics that may be engineered into plant species. While commercial crops
with these characteristics are probably years away, basic research suggests
that crops of this type may allow wider areas of the planet to be successfully
cultivated (6).

Concerns about changes in soil ecosystems as a result of genetically mod-
ified (GM) crop cultivation were also discussed. Thus far, research on GM
crops has shown very minor alterations in these characteristics compared to
those produced by other sources of variation (temperature, moisture level, or
organic matter level) in soil-borne ecosystems.
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Production: Farming as an Industry

In highly developed countries, farming ranks with manufacturing, construction,
transportation, and the service industries as a major component of the
economy. Improvements in farming have been basic to the progression of indus-
trial growth. Efficiency in farming saves labor and permits a modern industrial
nation to produce an adequate food supply using only a small part of the total
labor force. The greatest industrial growth has occurred in those countries where
agriculture is most progressive and efficient (most of North America, Europe,
Japan, Australia, New Zealand, and smaller parts of Latin America, Asia, and
Africa). Exports of farm products are a significant source of strength in the
economies of most advanced countries. The United States is, by far, the largest
exporter of farm products, totaling 20% to 25% of all exports.

In less developed countries, labor use is less efficient, and farms are gener-
ally smaller and less well-organized. Mechanization of agriculture should
increase the amount of food that can be produced by each agricultural
worker, reducing the need for on-farm jobs. In many poor nations where
labor is plentiful and rural incomes are extremely low, reducing farm employ-
ment is not a desired outcome. As a result, appropriate technologies, scaled
to the small farm and improving labor efficiency without eliminating agricul-
tural jobs are being sought, rather than simply applying modern, large-scale
agricultural technology to subsistence agricultural systems. Agricultural
industries, both those supplying services to farmers and those marketing
crops, are not as well-organized or sophisticated as in highly developed coun-
tries, making it more difficult in less developed countries to make use of these
advances in agricultural techniques and to benefit from outside trade.

Processing and Transportation

The processing of food and fiber crops in the developed world is highly
organized, leading to widespread availability of a dizzying array of food and
nonfood products at relatively low cost. Refrigerated cargo ships and refrig-
erated trailers transport more than 200 types of fresh fruits and vegetables,
making them available year-round at most supermarkets in the developed
world. Large food processors can, box, bag, bottle, and freeze more than
10,000 different products in the United States alone. In contrast, in the devel-
oping world, food is much more likely to be of limited variety, and is pro-
duced very close to where it is consumed at a cost that is proportionally
greater than in the developed world. Nonfood items are similarly limited in
variety and relatively high in cost.

Health Care for the Farm Population

About 10% of physicians practice in rural areas of the United States, despite
the fact 25% of the population lives in those same areas (7). Rural residents
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are less likely to have employer-provided health care coverage or prescription
drug coverage. The rural poor are less likely to be covered by Medicaid than
their urban counterparts. The rural population is more likely to be over 65
(18% vs. 15%) and poor (14% below the poverty level vs. 11%). Nearly 25%
of rural children live in poverty.

Risky health behaviors are more common among rural youth. The rate of
drunk driving arrests is significantly greater in nonurban counties. Forty per-
cent of rural 12th graders report using alcohol while driving compared to
25% of their urban counterparts. Rural 8th graders are twice as likely to
smoke cigarettes (more than 26% vs. 13% in large metropolitan areas).

Most studies of specific disease states, with the notable exception of can-
cers other than skin, show higher rates in rural versus urban areas.
Cerebrovascular disease and hypertension are both at least 25% higher in
rural versus urban populations. Suicide rates for both men and women are
higher in rural areas—mental health services are less accessible (87% of
mental health professional shortage areas were in nonmetropolitan coun-
ties). The rural, “healthy” lifestyle (greater physical activity, diets heavy in
fruits and vegetables), which has previously been credited with lower rates of
cancer and some chronic diseases, appears to be overwhelmed by behaviors
and diseases associated with stress and lack of self-care. Relative lack of
mental and physical health professionals in rural areas only exacerbates the
problem.

Rural Health in the Third World

If statistics regarding health in rural areas of developed countries such as the
United States are discouraging, rural health statistics for developing coun-
tries are even more so. Infant mortality is 60% higher in rural versus urban
South Africa. Rural children are 77% more likely to be underweight or under
height for age. Eighty percent of the poor in Latin America, 60% in Asia, and
50% in Africa live on marginal agricultural lands of low productivity and
great susceptibility to degradation, encouraging migration from rural to
urban areas. This exacerbates the already terrible problems of the world’s
cities where more than a billion people live without garbage disposal or water
drainage facilities and breathe heavily polluted air. If this unhealthy urban
drift is to be reversed, both the economic and physical health of rural popu-
lations must be addressed. Poverty leading to ill health and low productivity
is a vicious downward spiral (8).

Patterns of illness and injury in rural areas are not only related to poverty.
Work injuries, in general, are more serious and more severe in rural areas,
following from the stoic attitude and “too tough to care” mindset of farmers
and agricultural workers. The specifics differ from country to country, but there
are always diseases and illnesses that are peculiar to living and working in rural
areas such as zoonoses and other animal or insect-borne diseases. In many
rural areas, at least some of the time, there is no means of transportation or
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evacuation for critically ill or injured patients. In addition, simple communi-
cation between rural areas and sites of higher level care is inconsistent to
nonexistent.

In response to these problems, the World Health Organization has initiated
the Towards Unity for Health (TUFH) project, which will attempt to inte-
grate individual health and community health-related activities through
involvement of traditional medicine and public health. WONCA, the World
Organization of Family Doctors, has been a co-leader in the development of
this project.

Conclusion

The health of agriculture varies from robust to moribund. The developed
world struggles with diseases of excess nutrition, while developing nations
deal with millions of deaths annually from starvation. The world has the
capacity to provide enough food for all of its inhabitants, but individual pro-
ductivity, local politics and structures, national priorities and interconnec-
tions, and international trade patterns make distribution inequitable,
difficult, and sometimes dangerous and ineffective.
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Food safety and security are important public health issues for agriculture and
other food production sectors. As the global population continues to grow past
6 billion, food safety, food insecurity, and hunger remain major problems in the
world. Hunger and malnutrition are the primary risk to global health, killing
more people than AIDS, malaria, and tuberculosis combined by claiming 10
million lives each year, 25,000 lives each day, and one life every 5 seconds (1-3).

Sustaining the growing world population with adequate and safe food and
water supplies is the major global nutritional and public health priority for
the 21st century. To meet this challenge, the 53rd World Health Assembly, the
governing body of the World Health Organization (WHO), adopted a reso-
lution in May 2000 calling upon WHO and its member nations to recognize
food safety as an essential public health function. In addition, WHO has
made food safety one of its top 11 priorities and calls for more systematic and
aggressive steps to significantly reduce the risk of microbial foodborne ill-
nesses. This will require major redirections of food microbiology efforts and
cooperation on a global scale (2,3).

To decrease the risk of microbial foodborne illnesses, the main methods of
increasing food safety use pesticides and chemicals, food irradiation, and
combined nonthermal technologies. Newer agricultural methods of geneti-
cally modified foods and organic farming have been advanced as ways of
increasing global food supply while reducing the use of chemicals and pesti-
cides. Organic farming has been popular over the past decade but may pose
some risks for food safety.

Although these technological advances help increase food safety and sup-
ply, they may have potential occupational effects on agricultural workers and
on the environment. This chapter briefly reviews the history of food safety,
discusses the sources of risk for food safety, reviews the main methods cur-
rently used for ensuring food safety, and highlights potential occupational
consequences of these methods for agricultural workers. Evolving potential
threats to food safety from bioterrorism and agroterrorism are also discussed.
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Brief History of Food Safety and Agriculture

Agriculture has evolved since humans first domesticated plants such as corn
more than 6000 years ago. Although current agricultural practices vary
worldwide, in the United States and developed countries agriculture has
become increasingly industrialized since the 1940s and 1950s, resulting in
more efficiency and production on the farm. Mechanical inventions such as
the self-propelled combine reduced the need for manual labor and encouraged
the production of grain commodities, which led to the practice of monocrop-
ping or monoculture, as farmers began to focus on growing the most prof-
itable crops such as corn, soy, and wheat. Though profitable, monocropping
reduced the previous soil-enriching practices of crop rotation and livestock
grazing, making agriculture more dependent on synthetic or petroleum-
based fertilizers in place of natural manure for amending the soil.
Furthermore, although arsenic and lead-based pesticides had been used
widely since the late 1800s, new pesticide formulations came on the market
during the agricultural boom of the mid-20th century. These included
methylbromide, a fumigant once widely applied to soil and crops to kill
insects and weeds that was approved for use in 1947, atrazine, a herbicide
approved in 1959, and chlorpyrifos, an organophosphate pesticide approved
for use in 1965. Since the 1960s, pesticide use in the United States has more
than tripled. Despite the ban on several toxic pesticides, like the organochlo-
rines in the United States over the past several years, currently more than
1 billion pounds of agricultural pesticides are still purchased each year in the
United States. Globally, pesticide use also has increased, and the type used,
amount, and regulations vary regionally (4-6).

Since 1962, the Codex Alimentarius Commission (CAC) of the Food and
Agricultural Organization of WHO has been responsible for developing stan-
dards, guidelines, and other recommendations on the quality and safety of
food to protect the health of consumers and to ensure fair practices in food
trade. In the United States, various regulations exist to enhance food safety.
Early actions of the U.S. Department of Agriculture (USDA) culminated in
the passage of the 1906 Food and Drug Act that helped increase food safety
for the public. In 1910, the Insecticide Act established product-labeling provi-
sions. The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) of
1947 required registration of pesticide products with the USDA prior to
domestic or foreign sales. The Federal Food, Drug, and Cosmetics Act that
evolved from the 1906 statute was expanded in 1954 by the Miller Amendment
that established pesticide tolerances in or on agricultural commodities based
primarily on good agricultural practices. The Delaney Clause of 1958 prohib-
ited use of any carcinogenic food additive in processed foods. Subsequently,
regulatory authority was enhanced by creation of the U.S. Environmental
Protection Agency (EPA) in 1970 and an additional 1972 FIFRA amendment
that required manufacturers to demonstrate that use of a product “would not
cause adverse effects on human health or the environment” (7-9).



2. Food Safety and Agricultural Medicine 11

Recurrent outbreaks of food and water diseases have highlighted the
importance of sustaining safe food and water supplies. In response to threats
to food safety, the United States government and other entities have made
several changes in the United States food safety regulatory structure. These
include implementation by USDA of the Pathogen Reduction: Hazard
Analysis Critical Control Point (HAACP) in 1995, Final Rule for Meat and
Poultry (from USDA’s Food Safety and Inspection Service (FSIS), creation
of FoodNet (a sentinel surveillance system for active collection of foodborne
disease surveillance data), creation of PulseNet (a national molecular sub-
typing network for foodborne bacterial disease surveillance), and revisions to
the Food Code and the National Primary Drinking Water Regulations
(10-12).

Threats to Food Safety

Despite regulations and increasing awareness, food supplies continue to be at
risk from contamination by microbial pathogens and chemicals used to con-
trol pests. Food handlers are another potential source of foodborne illness if
they do not practice good hygiene when handling food items.

Microbial Contamination of Food

Foodborne illnesses remain a major risk globally. Each year, unsafe food
makes at least 2 billion people ill worldwide, which is about one third of the
global population. Furthermore, food- and waterborne diarrheal diseases are
leading causes of illness and death in less developed countries, killing approx-
imately 1.8 million people annually, most of whom are children. Obtaining
accurate estimates of the incidence of specific microbial foodborne illnesses
is often difficult in many areas of the world. A population-based study in the
Netherlands estimated a total annual incidence of gastroenteritis to be 28%,
without attributing the degree of foodborne or microbiological etiology. In
the United States, it has been estimated that 76 million cases of foodborne
diseases may occur each year, resulting in 325,000 hospitalizations and 5000
deaths. Important sources of foodborne pathogens include contaminated
produce and improperly cooked, handled, or stored meat and poultry prod-
ucts. Major pathogens in foodborne diseases worldwide include salmonella,
campylobacter, Escherichia coli 0157, cholera, and listeriosis. Furthermore,
microbial and chemical sources can pose significant health risks for certain
vulnerable populations such as the elderly, children, pregnant women, those
in institutionalized settings, and the immunocompromised (13-21).

Milk and meat obtained from infected animals is another threat to food
safety. Important zoonotic foodborne illnesses worldwide are tuberculosis
due to Mycobacterium bovis, Campylobacter spp., verotoxigenic E. coli, and
Brucella abortis from ingestion of contaminated, raw unpasteurized milk.
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Farmers, farm families, and visitors to farms should be advised about the
risks associated with the consumption of unpasteurized milk from any ani-
mal species. M. bovis infection in humans has also been reported to occur
after consumption of contaminated meat (22).

To reduce the global burden of foodborne illnesses, the WHO and the
Food and Agricultural Organization of the United Nations released the Five
Keys Strategy on October 13, 2004, in Bangkok, Thailand at the second
Global Forum of Food Safety Regulators. The five simple measures consist
of:

1. Keeping hands and cooking surfaces clean.
2. Separating raw and cooked food.

3. Cooking food thoroughly.

4. Keeping food stored at safe temperatures.
5. Using safe water and raw ingredient(s) (13).

Other methods recommended by WHO in the past include eating cooked
food immediately, reheating cooked food thoroughly, keeping all kitchen sur-
faces meticulously clean, and protecting food from insects, rodents, and other
animals (23).

Agricultural Workers as Vectors for Foodborne Illness

Occupational health and hygiene during the course of handling food items
should be a top priority for food safety. However, agricultural workers and
food handlers are potential vectors of foodborne illnesses when handling
food items in the course of customary work practices. Many agricultural
practices, such as harvesting, are labor-intensive operations involving
direct human contact with fresh produce. In fact, humans and animals are
major sources of pathogens in our food supply. Major pathogens such as
E. coli 0157.H7, Salmonella spp., Shigella spp., Staphylococcus aureus,
Giardia lamblia, and Cryptosporidium parvum can often be traced back to
human or animal sources. Hepatitis A outbreaks have also occurred via
food contaminated by infected food handlers in several areas worldwide
(24-28).

Prevention is the mainstay to decrease morbidity from spread of transmis-
sible diseases by food handlers. In the United States, food preparation and
service regulations are issued by state health departments and may vary from
state to state. For instance, routine hepatitis A vaccination of all food han-
dlers is not recommended because their profession does not put them at
higher risk for infection. However, local regulations mandating proof of vac-
cination for food handlers or offering tax credits for food service operators
who provide hepatitis A vaccine to employees has been implemented in
some areas. One economic analysis concluded that routine vaccination of
all food handlers would not be economical from a societal or restaurant
owner’s perspective. However, the Centers for Disease Control and
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Prevention (CDC) in the United States have supported use of the hepatitis A
vaccine among dietary workers who may be at risk for contracting or spread-
ing the disease (29-31).

The CDC has also supported screening for tuberculosis (TB) in high-risk
groups such as foreign-born or recent immigrants from outside the United
States. Screening of food handlers for TB has been found to be cost-effective
in high-risk populations. However, this recommendation is to identify high-
risk individuals who may be candidates for preventive treatment for latent TB
and not to protect the public from contaminated food as Mycobacterium
tuberculosis is not transmitted through food (32-35).

The WHO does not recommend routine medical and microbial screening
of agricultural workers and food handlers. However, workers suffering from
an illness that includes symptoms such as jaundice, diarrhea, vomiting, fever,
sore throat, skin rash, or skin lesions such as boils or cuts should report this
to their supervisor prior to starting work and should be temporarily excluded
from activities requiring food handling (23,36).

Good worker hygiene practices during production, harvest, and food-
handling activities can help prevent or minimize microbial contamination of
food. Simple preventive practices such as teaching employees how to effec-
tively wash their hands (i.e., wet the hands, use soap, rub hands together for
at least 20 seconds to develop a lather, clean under fingernails, rinse, and dry
with a paper towel) and when to wash hands (i.e., before starting to pack or
process, after each break, after handling unsanitary items such as decayed
produce, and after using the toilet facilities) are recommended. Other useful
strategies include prohibiting workers from smoking or eating in the fields,
where saliva could accidentally be sprayed on produce, and encouraging use
of impermeable, nonlatex gloves when handling fresh produce. Multilingual
signs and direct communication between supervisor and employee are also
important (24).

Food Contamination from Pesticides and Chemicals

Pesticides, herbicides, fungicides, and other chemicals have been used glob-
ally for decades to increase food supply and eliminate pests. Data on world-
wide pesticide sales and use are remarkably difficult to find, and survey
results from countries are often not reliable. The EPA estimates that each
year domestic users in the United States spend $8.5 billion for 1.1 billion
pounds of pesticides active ingredients. Many of the banned or withdrawn
pesticides from developed countries are still produced and sold in developing
countries or by some multinationals acting through subsidiaries or joint ven-
tures. These include DDT and other persistent organochlorine (OC) insecti-
cides, which represent about 15% of the sales in regions outside the United
States, Western Europe, and Japan. Estimates indicate that 70,000 to 80,000
tons of these compounds were applied in 1995 in developing and formerly
socialist countries (Table 2.1) (37-39).
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TABLE 2.1. Regulatory status of some organochlorine pesticides in different countries.

U.S. China India Mexico U. K. Canada
DDT B R R R B Not registered
Aldrin B Not banned  Not banned B B Not registered
Dieldrin B Not banned R B B Not registered
Endrin B Not banned  Not registered B B Not registered
Heptachlor (R) Not banned  Not banned Not B Not registered
registered
Hexachlo- B B Not registered
robenzene
Mirex B R R Banned
Toxaphene B Not banned B B B Not registered

Adapted from Garcia AM. Pesticide exposure and women’s health. Am J Ind Med 2003;44:585.
© 2003 Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc. Reprinted with permission.
Note: Blank spaces above indicate no available data.

R, registered; B, banned; (R), restricted.

Banned pesticides have recently been reintroduced into certain environ-
ments such as DDT sprayed in several areas of Africa as a preventive meas-
ure against malaria. Older and more toxic organophosphate (OP) and
carbamate insecticides and herbicides also have very significant sales in the
Third World (e.g., alachlor, aldicarb, benomyl, captan, carbofuran, chlor-
dane, cyanazine, dimethoate, endosulfan, EPN, mancozeb, lindane,
monocrotophos, paraquat, parathion, toxaphene, zineb, carbaryl, atrazine,
glyphosate, 2-4-D, dichlorovos, phorate, and many others). In developing
countries, these pesticides are still preferred by the small farmers because they
are less costly, easily available, and display a wide spectrum of bioactivity.
Globally, OPs account for nearly 40% of total insecticide sales by volume, fol-
lowed by carbamates (20.4%), pyrethroids (18.4%), and others (6.1%)
(5,6,40).

Persistent pesticides travel through the air, soil, and water into living tissues
where they can bioaccumulate up the food chain into human diets. In fact, it
has been estimated that approximately 85% to 90% of pesticides applied agri-
culturally never reaches the target pest organisms but disperses through the
air, soil, and water. As an example, the half-life of toxaphene in soil is up to
29 years (5,41,42).

Humans bioaccumulate organochlorine and metal-containing pesticides in
their body fat, where they tend to stay unless the fat is metabolized for energy,
such as during an illness. For example, in Latin American countries, the pat-
tern of residues found in human body tissues consisted of high levels of DDT
and its metabolites, followed by benzene hexachloride (BHC), dieldrin, hep-
tachlor epoxide, and hexachlorobenzene (HCB). Interestingly, these
organochlorines were also found in people’s body tissues in 22 Third World
and formerly socialist countries. Furthermore, food standards in developing
countries are typically not as well regulated as those in industrialized
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countries, and pesticide residues are frequently found on agricultural prod-
ucts. For instance, in Brazil, pesticide residues in 13.6% of fruits and 3.7% of
vegetables exceeded tolerance limits (5,43,44).

Although less is known of the toxicological consequences of chemical con-
tamination of food items, the WHO has identified acrylamide and semicar-
bazide as emerging contaminants that may have potential health
consequences for humans, although more investigation is needed.
Acrylamide is a chemical that has several uses including manufacture of
polyacrylamide materials, treatment of drinking water and wastewater to
remove particles and other impurities, and the construction of dam founda-
tions and tunnels. Interestingly, acrylamide also appears to be produced in
some foods at high temperatures (45).

Acrylamide is known to cause cancer in animals; certain doses are toxic to
the nervous system of both humans and animals. In humans, studies of
workers exposed to acrylamide through air and skin contact found no evi-
dence of cancer. However, the International Agency for Research on Cancer
(IARC) has classified acrylamide as “probably carcinogenic to humans” on
the basis of the evidence from research studies on animals (45).

There is currently little information about, and poor understanding of,
how acrylamide forms in foods. It appears to be produced naturally in some
foods that have been cooked or processed at high temperature, and the levels
appear to increase with the duration of heating. Acrylamide has also been
found in home-cooked foods as well as precooked, packaged, and processed
food and seems to arise when different food components react together.
Although the exact temperature at which acrylamide forms in food is not cur-
rently known, acrylamide has not been found in food prepared at tempera-
tures below 120°C. Thus far, the highest levels have been in starchy foods such
as potato and cereal products (45,46).

The WHO has also highlighted public health concerns of semicarbazide
(SEM) in food at the request of several member states and based on infor-
mation provided by the European Food Safety Authority. Semicarbazide is
found in food products packaged in glass jars with metal lids that have
formed plastic seals. Semicarbazide has been detected at low levels in a num-
ber of such food products, including baby foods. The origin of SEM is not
clear but has been linked to the permitted use of azodicarbonamide in the
plastic seals. The presence of SEM has raised concerns since it has weak car-
cinogenic activity when fed to laboratory animals at high doses. Based on lev-
els reported in food, the health risk, if any, to consumers, including infants,
seems quite small. However, since the relatively high consumption of prod-
ucts in glass jars by infants can result in higher exposure as compared to
other consumers, the presence of SEM in baby foods is considered particu-
larly undesirable. The WHO has recommended that alternative materials be
evaluated for their suitability, including their microbial and chemical safety,
and introduced as rapidly as possible for baby foods and subsequently other
foods (47).



16 R.B.J. Pandya

Other examples of chemical contaminants in food include polychlorinated
biphenyls (PCBs), dioxins, and mercury contamination in seafood. Some
aquatic organisms can convert inorganic mercury into organic methylmer-
cury, with resulting bioaccumulation in large carnivorous fish such as sword-
fish. Soils and water used for agriculture may also contain regional
environmental hazards such as the widespread arsenic contamination of
ground water in Bangladesh (48-50).

Organic Farming and Food Safety

Conventional and organic farming are two major forms of agricultural prac-
tices today. Although organic farming can be traced back to England in the
1920s, it has been embraced over the last several years due to concerns over
use of pesticides and genetically modified organisms in large-scale conven-
tional agriculture. Organic farming avoids use of synthetic chemicals and
genetically modified organisms (GMOs) and follows the principles of natu-
rally sustainable agriculture (51).

Despite many favorable characteristics of organic farming, one of several
criticisms about organic farming is the increased potential for microbial food
contamination. A French study in 1999 to 2000 warned that biological toxins
in certain organic products (i.e., apples and wheat) should be closely moni-
tored. Another major concern is the use of manure as a fertilizer in organic
farming. Manure can carry human pathogens and mycotoxins from molds. It
is well known that E. coli 0157:H7 originates primarily from ruminants such
as cattle, sheep, and deer, which shed it through their feces. In addition, grow-
ers must also be alert to the potential contamination of produce growing and
handling environments by human or animal fecal material, which is known
to harbor Salmonella, Cryptosporidium, and other pathogens. However, prop-
erly treated manure (and other biosolids) can be an effective and safe fertil-
izer. Other sources of contamination related to organic farming may arise
from nearby composting or manure storage areas, livestock, or poultry oper-
ations, nearby municipal wastewater or biosolids storage, treatment or dis-
posal area, and high concentrations of wildlife in the growing and harvesting
environment, such as nesting birds in a packing shed, or heavy concentrations
of migratory birds, bats or deer in fields (51,52).

Occupational Risk from Methods to Increase Food Safety

Use of Pesticides and Chemicals

Although it is well established in the medical literature that acute and suba-
cute exposure to pesticides and other chemicals poses major health issues,
less is currently known about low-level chronic occupational or environmen-
tal exposures to residues of pesticides and chemicals. However, evidence
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exists for potential chronic health effects of exposure to several pesticide
classes at chronic low levels such as the association of chronic neurological
effects with exposure to several pesticide classes. Examples include the asso-
ciation of increased vibration sense, motor-sensory neuropathy, and cognitive
and affective deficits after exposure to organophosphates; the association of
olfactory, cognitive, and behavioral deficits after exposure to methylbromide;
and the association of symptoms of Parkinson’s disease after paraquat expo-
sure. Another example is association of oligospermia and azoospermia after
exposure to dibromochloropropane (DBCP), which is now banned in the
United States. There is also evidence of associations of chronic low-level
exposure to pesticide residues and cancer (5,6,53-56).

A major area of interest in relation to pesticides and cancer has concen-
trated on pesticides acting as endocrine disrupters, mostly organochlorinated
insecticides, and on hormone-related cancers. Research has largely focused
on the association of breast cancer and exposure to DDT and its metabolites,
although a causal inference has not been established. A recent study carried
out in India, a country in which exposure to organochlorinated pesticides is
expected to be higher and more recent than in populations from developed
countries, found significantly higher levels of organochlorinated pesticides
(DDT and its metabolites and others) in the blood of women with breast can-
cer as compared to reference women. In a Danish study, a modifying effect of
p53 mutations on the breast cancer risk associated with exposures to
organochlorines was observed, suggesting a potential for gene-environment
interactions as an important factor in pesticide-related carcinogenicity
(56-58).

Other pesticides have also been linked to cancer. For example, an Italian
study observed a significantly increased risk for ovarian cancer in women
exposed to triazines, a class of herbicides including the frequently used
atrazine, simazine, and others (56,59).

Workplace factors and work practices influence the magnitude and
amount of exposure. In addition, workers are often exposed to mixtures of
pesticides and chemicals in the occupational setting. Other relevant factors
contributing to the significance of the occupational exposure to pesticides
and chemicals in the agricultural setting are the nature of the pesticide,
shorter versus longer duration pesticide, type of work activity (e.g., pesti-
cide operators versus reentry workers), and length of exposure. For example,
a study in California determined that certain organophosphate application
variables were significantly related to systemic illness. These included appli-
cation to fleshy fruit, vegetables, and melons; air application drift; and spe-
cific OPs such as mevinphos, demeton, oxydemeton-methyl, methamidophos,
and azinphos-methyl. California’s unique pesticide mandatory reporting
requirements make it the only state in which data are available on both pesti-
cide use and suspected pesticide-related illnesses (59,60).

Studies evaluating the health effects of pesticides have mainly addressed
the oral route of exposure after consumption. However, exposure to pesticide
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and chemical residues primarily involves the dermal route and, to a lesser
extent, the inhalation route and typically occurs intermittently. However,
despite the relatively high dermal exposure in occupational settings, existing
regulations such as the FIFRA in the United States have primarily evolved
from concerns about the oral route of exposure. Therefore, to accurately esti-
mate occupational exposures to residues in agricultural work, more dermal
toxicodynamic studies focusing on intermittent exposures are needed.
Furthermore, the bioavailability of bound skin residues of pesticides and
chemicals and the effects of the parent compound or relevant metabolite(s)
in the context of various agricultural practices and work activities are other
areas that need to be researched (9,59,61-63).

Gender-specific research is also needed. There are a number of major gen-
der-related variables in agriculture that may lead to occupational exposure in
females to pesticides. For example, compared to men, women working in
agriculture may be found in lower-paid and lower-status jobs, with less access
to promotion, information, and safety measures. In a survey of over 500
farmers in Thailand, in which all male and female farmers applied pesticides,
53% of the women were not able to read, compared to 29% of men, decreas-
ing their ability to heed the safety warnings written on the labels of pesticides.
Another occupational group that has often been overlooked is children.
Child Iabor persists globally. The International Labor Organization estimates
that approximately 250 million children between the ages of 5 and 14 work
part-time or full-time around the world. Although they engage in various
jobs, by far the largest number work in agriculture where they may be
exposed to various hazards, including toxic chemicals (see Chapter 12)
(56,64-67).

Food Irradiation

Irradiation of food has the potential to decrease the incidence of foodborne
disease and makes possible the replacement of toxic and environmentally
harmful chemical fumigants such as methylbromide, ethylene oxide, and
propylene oxide. Irradiation can also increase the shelf life of certain food
items and decrease losses from spoilage and pests. Decreasing losses is impor-
tant in the context of global storage of food supplies. Although it remains
controversial, food irradiation is widely supported by various international
and national medical, scientific, and public health organizations, as well as
groups involved with food processing and food services. Many countries have
started to irradiate food, including France, the Netherlands, Portugal, Israel,
Thailand, Russia, China, and South Africa. However, in the United States,
only 10% of herbs and spices and less than 0.002% of fruits, vegetables,
meats, and poultry are currently irradiated (18,68-70).

The technology of food irradiation involves use of high-energy radiation
in any of three approved forms: gamma rays, electron beams, or x-rays.
Gamma rays can be generated by either of two approved radionuclide



2. Food Safety and Agricultural Medicine 19

sources, cobalt-60 or cesium-137, which give off high-energy photons,
called gamma rays, that can penetrate foods to a depth of several feet. The
radioactive substances emit gamma rays all the time, and massive concrete
walls are needed to contain them. Foods to be irradiated are brought into a
chamber on conveyor systems and are exposed to the rays for a defined time
period. Although some fear that foods become radioactive, since gamma
irradiation does not emit neutrons, foods are not made radioactive by the
procedure (71,72).

Electron beam (e-beam) technology uses a stream of high-energy electrons
propelled from an electron gun. No radioactivity is involved, but shielding is
needed to protect workers from the electron beam (72).

The newest technology is x-ray irradiation, an outgrowth of e-beam tech-
nology, and is still being developed. The x-ray machine is a more powerful ver-
sion of the machines used in many hospitals to take radiographs. To produce
the x-rays, a beam of electrons is directed at a thin plate of gold, producing
a stream of x-rays coming out on the other side. Like gamma rays, x-rays can
pass through thick foods and require shielding for worker safety. Four com-
mercial x-ray units have been built in the world since 1996 (73).

The absorption of gamma rays, x-ray photons, or electrons produces ion-
ization. Water is the principal target for the radiation since it is the largest
component of most foods and microorganisms. Normally, approximately
70% of the radiation-induced ionization occurs in cellular water, and the tar-
get organisms are inactivated because of secondary reactions, not because of
a direct effect on bacterial DNA. However, others have proposed that DNA
damage is the mechanism by which irradiation acts (68,74-76).

Radiation doses used in the irradiation process are measured in units of
grays (Gy) or kilograys (kGy), with 1 Gy equal to 100 rads. Doses can be
divided into three groups: low dose (less than 1 kGy); pasteurizing dose (1 to
10 kGy) used for pasteurization of meats, poultry, and other foods; and high
dose (more than 10 kGy) for sterilization or for reduction of the number of
microbes in spices. Some bacterial spores may be more resistant to irradiation
than vegetative cells and require doses substantially higher than those used in
pasteurization. In general, inactivation of viruses also requires higher doses
of radiation than doses used to sterilize pests in plants or for pasteurization
(18,77-79).

In the United States, the Nuclear Regulatory Commission (NRC) regu-
lates facilities that utilize radioactive sources. To be licensed, the facility
must have been designed with multiple fail-safe measures, and must establish
extensive and well-documented safety procedures and worker training. The
occupational risk in working in areas where food irradiation takes place is
minimal if safe work practice guidelines are followed. Outside the United
States, a small number of fatal incidents have been documented in which a
worker bypassed multiple safety steps to enter the chamber while the
radioactive source was exposed, resulting in a severe or even lethal radiation
injury (73).
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Alternative Nonthermal Methods

Nonthermal technologies that appear promising include high hydrostatic
pressure (HHP), pulsed electric fields (PEF), and high-intensity ultrasound
combined with pressure, or combinations of these methods, or with irradia-
tion. As with food irradiation, occupational health and safety guidelines and
worker education and training would prevent injuries or accidents (74).

Influence of Biotechnology on Food Safety

The influence of biotechnology on agriculture has already led to profound
and revolutionary developments through genomics and transgenics and con-
tinues to transform agriculture. Whereas genomics seeks to understand and
modify the chromosomal traits of a species, transgenics focuses on chang-
ing traits of an organism by transferring individual genes from one species
to another. Estimates indicate that the world market for genetically modi-
fied (GM) plants will be $8 billion in 2005 and $25 billion by 2010. The
number of countries growing transgenic crops commercially has increased
from 1 in 1992 to 13 in 1999. Furthermore, between 1996 and 2000, the
global area of agriculture devoted to growing transgenic crops increased by
more than 25-fold, from 1.7 million hectares in 1996 to 44.2 million
hectares in 2000. The United States, Canada, and Argentina grew approxi-
mately 98% of the total amount. Within transgenic plants, herbicide toler-
ance is the most common trait, accounting for 74% of all transgenic crops
in 2000 (80).

Genetically modified crops can directly benefit the farmer by altering the
inputs needed to produce a crop, such as herbicides or fertilizer. Other plants
are designed to benefit the consumer when the end product expresses a desir-
able outcome, such as improved quality, nutritional content, or storability
(81,82).

Examples of genetic engineering to benefit the farmer/grower include the
following:

1. Glyphosate or round-up tolerant soybeans: A gene from another plant is
introduced into the soybean plant, allowing farmers to spray the glyphosate
herbicide and kill weeds without harming the genetically engineered (GE)-
soybean plant.

2. Bt crops: Bacillus thuringiensis (Bt) is an aerobic, motile, gram-positive
endospore-forming bacillus initially isolated in Japan and described by
Berlinger in 1915 (80).

Bt has insecticidal activity from endotoxins included in crystals formed
during sporulation, but vegetative insecticidal proteins (VIPs) from before
sporulation are also being developed. The crystals of different strains of most
Bts contain varying combinations of insecticidal crystal proteins (ICPs), and
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different ICPs are toxic to different groups of insects. To confer resistance to
insects in specific plants, a gene from the Bt bacteria is introduced into corn,
cotton, or other plant types. The plants then produce the same protein crys-
tal that the bacteria produce that is toxic to many types of insects that would
normally harm the plant, such as the European corn borer (80).

Two examples of genetic engineering to benefit the consumer include the
following:

1. High-oleic soybeans: These contain less saturated fat than conventional
soybeans, leading to consumer health benefits, lower processing costs, and
longer shelf life for oil.

2. High-lauric canola: An inserted gene allows the plant to produce an oil
composed of 40% lauric acid, a key ingredient in many soaps, detergents,
lubricants, and cosmetics.

Similar applications are occurring in animal agriculture. These include the
creation of a synthetic version of a naturally occurring hormone to boost
milk production in dairy cows and development of low-phytate corn and
other types of animal feeds that lead to the decrease of phosphorus in ani-
mal waste, leading to less pollution and lower cost of animal feeds (81).

Potential Occupational Risk

Regulatory frameworks exist to address vital issues related to food safety and
environmental protection in regard to GMO applications. However, little
research or regulatory oversight currently exists addressing the potential impact
of genetically modified/engineered crops on the health and safety of agricultural
workers. Some studies have evaluated the health effects of Bt in
agricultural workers. In a public health survey, a large number of individuals
were exposed to a massive Bt pesticide spraying program. Some of the symp-
toms reported included rash and angioedema. One of the spray workers
developed dermatitis, pruritus, swelling, and erythema with conjunctival
injection. Bt was cultured from the conjunctiva in this case. In 1992 the use
of Bt as part of an Asian gypsy moth control program was associated with
symptoms of allergic rhinitis, exacerbations of asthma, and skin reactions
among individuals exposed to the spraying operations. However, no follow-
up was performed to determine if these events were a result of hypersensitiv-
ity to Bt or possible toxic reactions, or were secondary to common
aeroallergens coincidental to the season when the spraying was performed.
Similar results were produced during another spraying of Bt in 1994 (82-88).

Given that approximately 75% of asthma cases are triggered by allergens,
the potential allergenicity of Bt is important to investigate further. A study
by Bernstein et al. (8§3) measured immune responses in seasonal migrant farm
workers exposed to Bt pesticides in the muck crops region of Northern Ohio
in the United States in October 1995. This study included questionnaires,
nasal and mouth lavages, ventilatory function assessment, and skin tests to
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indigenous aeroallergens and to a variety of Bt spores and vegetative prepa-
rations. The exposure group consisted of farmers who picked vegetables (cel-
ery, parsley, cabbage, kale, spinach, and strawberries) that required Bt
pesticide spraying soon after the first crops were planted and continuing until
the harvesting of the last crop in early October. Positive skin-prick tests to
several Bt spore extracts were seen chiefly in exposed workers. Specifically,
there was a significant (p <.05) increase in the number of positive skin tests
to spore extracts at 1 and 4 months after exposure to Bt spray. The number
of positive skin test responses was significantly higher in high-versus low-to-
moderately exposed workers. The majority of nasal lavage cultures from
exposed workers were positive for the commercial Bt organism, as demon-
strated by specific molecular genetic probes. Specific immunoglobulin E
(IgE) antibodies were also more present in workers exposed to high Bt spray
levels, and specific IgG and IgE levels were present in all groups of exposed
workers. However, there was no evidence found of occupationally related res-
piratory symptoms. Another study by Pearce et al. (87) studied the effects of
aerial spraying with the Kurstaki species of Bt on children with asthma
within the Bt spray area in Victoria, British Columbia, in 1999. The study
found no difference in asthma symptom scores between exposed and gender
and age-matched controls either before or after the spray. No significant
changes were found for the peak expiratory flow rates for subjects after the
spray period.

From a consumer standpoint, concerns have been raised about the aller-
genic potential of GM foods. For example, the CDC investigated 51 reports
of possible adverse reactions to corn that occurred after Starlink, a corn vari-
ety modified to produce a Bt endotoxin, Cry9C, was allowed for animal feed
and was found in the human food supply. However, allergic reactions were
apparently not confirmed. More research is needed to better comprehend the
health effects of Bt and other biological sources such as novel proteins found
in genetically modified foods from an occupational, environmental, and con-
sumer perspective (88,89).

Terrorism and Food Safety

Given the reality of the geopolitical terrorism threats facing the world today,
agriculture can also be a potential target for terrorism. For instance, agroter-
rorism, the use of microbes and poisons to shake the confidence in the food
supply, could cripple the $201 billion agricultural economy in the
United States. Diseases such as swine fever and citrus greening can poten-
tially spread across the land silently. The impact of a single case of foot-and-
mouth disease could require the destruction of millions of cows and result in
a worldwide ban on United States cattle export for years. Furthermore,
unlike the most feared bioterrorism threats, such as anthrax or smallpox,
some virulent agricultural diseases are harmless to humans and can be trans-
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ported from great distances from infected crops and animals worldwide. To
defend against this threat in the United States, the USDA 1is building or mod-
ernizing laboratories to quickly screen disease samples from around the coun-
try. Some have advocated greater use of vaccines, but this is problematic due
to high cost and logistical complexity. With increasing global trade, another
concern is that many nations cannot readily distinguish between infected and
vaccinated animals and may reject either at their border. Some private com-
panies have developed a suitcase-size device that can detect DNA from the air
to determine the presence of a deadly microbe within about half an hour.
Such devices may help localize and map outbreaks (90).

Global Issues Related to Food Safety

Cooperation between nations will help achieve food safety on a global scale.
The concept of good agricultural practices (GAP) has evolved in recent years
to meet the needs of a rapidly changing and globalizing food economy and
to address concerns of a wide range of stakeholders about food production
and security, food safety and quality, and the environmental sustainability of
agriculture. The Committee on Agriculture (COAG) of the Food and
Agricultural Organization (FAO) of the United Nations in 2003 adopted a
holistic food chain (sometimes called “farm to table” or “farm to fork™)
approach that encompasses the whole food chain to maximize food safety
and quality worldwide. The FAO defines the food chain approach as recog-
nition that the responsibility for the supply of food that is safe, healthy, and
nutritious is shared along the entire food chain by all involved with the pro-
duction, processing, and trade of food on a global scale (91-93).
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Overview of Hazards for Those
Working in Agriculture

ScoTT PRINCE

Key words: job task, hazards, injury, illness, allergy, stress

Despite a dramatic shift in agricultural production methods in the developed
nations over the past several decades, agricultural work remains one of the most
hazardous occupations. In the United States during the 10 years from 1992 to
2002, the annual rate of fatal occupational injuries in agriculture (including
forestry and fishing) declined 5%, from 23.9 to 22.7 per 100,000 workers. During
the same time period, the rate among those employed in the private sector
declined by 21% and, by the end of that period, was 4.2 per 100,000 workers,
over five times lower than in agriculture. Injury and illness rates, which are more
difficult to estimate, also are significantly elevated for farmers compared to
workers in the private sector, though the difference is less pronounced (1-3).

The number of U.S. agricultural workers has been relatively stable over the
past decade at approximately 3.3 million, though farming populations, par-
ticularly migrant workers, are difficult to count accurately. Whatever the
exact number, these workers comprise only a small percentage of the popu-
lation, which is similar to the situation in other industrialized nations. This is
in sharp contrast to the preindustrial age, and the current situation in much
of the world, where overall 70% of all workers farm. Fewer farmers means
that fewer people are directly aware of the risks of agriculture. With the shift
of the population to cities, most people tend to have a romanticized view of
rural life and farming as peaceful and healthy. Even the health care providers
who care for farmers may not be uniformly aware of the increased risks asso-
ciated with their patients’ occupation (3-6).

The ability to dramatically increase farming productivity, accomplished pri-
marily through mechanization and use of chemicals, is also a significant con-
tributor to the risks faced by those who remain in agriculture. More
productivity does not necessarily translate into lower risk for the farmer, par-
ticularly for fatal and disabling injuries. While hand tilling and walking behind
an animal-powered plow have certain associated hazards, those activities do
not have the same risk for sudden, catastrophic injury present in operating
mechanized farm equipment, especially earlier models that had little or no
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safety engineering. Similarly, pest control and the use of fertilizer in the prein-
dustrial, prechemical age may have been inefficient, but it gave rise to a nar-
rower range of serious hazards than the substances and methods in use today.

Just as agriculture is possibly the most diverse occupational classification
in terms of the wide variation in products, methods, and job tasks, agricul-
tural hazards are present in a multitude of ways—obvious or subtle, acute or
chronic. Table 3.1 lists job tasks and associated hazards to provide a brief
overview of the most common risks faced by farmers. It is not meant to be as
detailed as the discussions in the following chapters but outlines categories of
risk by general farm activities and exposures.

TABLE 3.1. Common agricultural hazards by job task.

Job task

Hazards

Outcomes

Primarily crop-related
Field preparation,
cultivation, harvesting

Handling pesticides,
herbicides

Handling fertilizer
Working in grain elevators

Working in silos
Handling cotton
Harvesting tobacco

Primarily animal-related

Contact with animals in
general (10-13)

Working with large
animals

Working in animal
confinement buildings
(including manure
pits) (12)

Inorganic dust (silica) (7)
Allergens
Chemical exposure

Ammonia

Organic dust (7) (allergens,
endotoxins, irritants)

Oxygen displacement

Entrapment

Nitrogen oxides

Cotton dust/endotoxin

Nicotine

Bites, scratches, stings
Allergens

Infectious agents
Feed additives
Pesticides

Being stepped on/ pinned

Organic dust
Hydrogen sulfide
Ammonia

Methane
Disinfectants
Carbon dioxide
Inhalation of manure

Silicosis

Dermatitis, respiratory effects

Acute: toxicity

Chronic: neuropathy
(organophosphates)

Possible: cancer, adverse
reproductive events (4,8)

Burns, respiratory damage

Allergies, other respiratory
diseases

Asphyxia

Trauma, asphyxia

Silo-fillers’ lung

Byssinosis

Green tobacco illness (9)

Trauma, infection,
envenomation
Dermatitis, respiratory effects
Zoonoses
Dermatitis, other toxicity
Acute/chronic toxicity
(see above)
Trauma, crush injuries

Allergies, other respiratory
disease

Asphyxia, pulmonary edema

Respiratory irritation, disease

Asphyxia, explosion

Dermatitis, respiratory disease

Asphyxia

Asphyxia, pneumonia




3. Overview of Hazards for Those Working in Agriculture 31

TABLE 3.1. Common agricultural hazards by job task. (continued)

Job task Hazards Outcomes

Handling hay/straw/feed Moldy dusts Farmers’ hypersensitivity

Veterinary Anesthetic gases/ pneumonitis (7)
treatment (11,12) medications Acute systemic toxicity,

Primarily machinery-related

Loud processes (common
in machinery tasks)

Operating electrical
equipment

Operating gasoline/diesel
equipment

Driving tractor/other
vehicle

Operating field implements

Operating hydraulic
systems/pressure
washers (14)

Welding

Other general taskslexposures

Strenuous physical work
Outdoor work

Work at heights

Ionizing radiation
Laser

Noise

Electrical shock

Fire

Heat

Fire

Carbon monoxide

Diesel fumes

Rollover

Falling from seat

Collisions (MVA)

Chronic vibration
(posture)

Entrapment

Wet surfaces: falls

High pressure fluid

Welding fumes
Ultraviolet (UV) light
Heat/fire

Ergonomic stress
UV radiation
Heat

Cold

Lightning
Noncrop plants

Falls

dermatitis
Burns, tissue damage, cancer
Burns

Hearing loss, increased risk of
injury (loss of situational
awareness)

Burns, electrocution

Burns, smoke inhalation

Burns

Burns, smoke inhalation

Carbon monoxide poisoning

Respiratory irritation

Trauma

Trauma

Trauma

Hip arthritis

Trauma
Trauma
Injection injury, infection

Acute: welding fume fever

Chronic: metal toxicity/lung
disease

Acute: UV keratitis/flash burns

Chronic: cataracts

Burns, smoke inhalation

Cumulative trauma syndrome

Acute: sunburn

Chronic: skin damage/cancer,
cataracts

Dehydration, cramps,
hyperthermia

Frostbite, hypothermia

Burns, electrocution

Allergy, dermatitis

Trauma

Using tractors and other vehicles, operating power equipment, and work-
ing with large animals are the primary farm activities associated with trau-
matic injury. The majority of agricultural fatalities involve tractor-related
injuries, and the annual rate of fatal injuries per tractor has remained around
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8 per 100,000 for the most recent decade for which there are data. Tractor
rollovers account for 50% to 60% of these fatalities. This is particularly trou-
bling since the majority of these deaths could be prevented with the use of
rollover protective structures (ROPS) and seat belts. Runovers accounted for
approximately another quarter of the tractor-related fatalities, with children,
either nearby or as extra passengers, at particular risk (3.,4,6,7,15-18).

Farm machinery and equipment also require maintenance and repair,
much of which is performed by the farmer. Because this is an occasional
activity, the skill, understanding of hazards, and use of engineering controls
or personal protective equipment may be lower for the farmer than for some-
one who performs these same jobs full-time. However, the farmer is also less
likely to become complacent about performing hazardous tasks or to suffer
effects associated with chronic exposure.

While causing fewer fatalities than machinery, contact with animals, in
particular cattle, horses, sheep, and hogs, is a leading factor in total agricul-
tural injuries. Animal handlers also face increased risk of zoonotic infection.
These diseases are usually specific to certain types of animals and/or expo-
sure circumstances and may be transmitted by bite, scratch, inhalation, inges-
tion, or skin contact. Certain zoonotic infections, such as brucellosis and orf,
are associated with farm animals; others, such as rabies and Lyme disease, are
associated simply with working outdoors (1,11,13,19).

The increased use of high-density animal confinement buildings increases
risk for several of the zoonoses and also elevates the risk for other toxic expo-
sures and allergic conditions. Both animal and crop-related organic material
cause a wide spectrum of allergic conditions. The division of allergic cause by
either plant or animal becomes somewhat arbitrary, as grain dust contains
insect parts, animal dander, and feces, while feeds and bedding material from
plant sources may cause allergies in animal handlers. Molds and bacteria in
the farm environment also can be allergenic, especially in the high levels
encountered in grain or animal confinement enclosed settings (7,10).

Chemical toxicity can result from animal care activities involving feeds,
pesticides, animal wastes, and veterinary care. Pesticides, herbicides, fertiliz-
ers, silica, endotoxins, and decomposition gases are common crop-related
chemical exposures. These exposures affect a variety of organs, especially the
skin and lungs, and may result in acute and chronic diseases. Research has
also begun to focus on the use of agrochemicals and possible associations
with both cancer and adverse reproductive outcomes (8).

Factors affecting the health of those in agriculture extend beyond the phys-
ical, biological, and chemical hazards listed in Table 3.1. Stress remains a sig-
nificant problem for rural areas in general and for farmers in particular.
Strenuous working conditions, the financial uncertainty inherent in agricul-
ture, and a relative social isolation with a lack of support services are a few
of the stressors that can contribute to psychological pathology. Access to
health care for farm workers can be limited by geography, cultural issues, or
financial considerations. Special population groups common in agriculture—
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children, the elderly, migrant workers, and others—have greater risks for cer-
tain farm-related health problems. As the multiple components of agricul-
tural health and safety become more fully understood, modifications to
current prevention efforts should improve the health of this population
(4,20-22).
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Occupational Regulation
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The International Labor Organization (ILO) estimates that half of the world
labor force is employed in agriculture and 1.3 billion workers are engaged in
production agriculture worldwide, ranking it among the largest industries in
the world. The agricultural labor force in the total economically active popu-
lation is under 10% in developed countries and accounts for 59% of workers
in less developed regions (1). Agriculture workers have a higher risk of sus-
taining work-related injuries and illness than most other occupations.
Agriculture is ranked as one of the three most hazardous industries along
with mining and construction. According to ILO estimates for 1997, out of a
total of 330,000 fatal workplace accidents worldwide, there were some
170,000 casualties among agricultural workers (2).

Agriculture workers are at high risk for fatal and nonfatal injuries, work-
related lung diseases, noise-induced hearing loss, skin diseases, exposure to
chemicals such as pesticides, and certain cancers associated with chemical use
and sun exposure (see Chapter 3). Many of these hazards are self-evident, such
as traumatic injuries and fatalities caused by accidents with machinery like
tractors and harvesters. Other hazards are less evident and indolent in nature.
These may include neurological damage associated with prolonged pesticide
exposure or chronic respiratory diseases related to organic dust exposure (3).

The United States collects some of the most comprehensive statistics on
occupational injuries and illnesses in agriculture. Each year, about 100 U.S.
agriculture workers are crushed to death by tractor rollovers. Every day,
about 500 workers suffer disabling injuries, and about 5% of these result in
permanent impairment. Production agriculture is one of the few industries in
which families are also at risk for injuries, illnesses, and death (4). Agriculture
industry injury and illness data are collected by a variety of agencies includ-
ing the Bureau of Labor Statistics (BLS), the National Safety Council (NSC),
and the National Institute of Occupational Safety and Health (NIOSH). The
BLS issues annual workplace safety reports using data culled from a sample
of employers reporting occupational injury and illnesses under the
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Occupational Safety and Health Administration’s (OSHA) record-keeping
regulation (29 CFR 1904). The BLS 1999 Census of Fatal Occupational
Injuries data showed that the major industry division with the highest occu-
pational injury fatality rate was agriculture (including forestry and fishing).
A major drawback with BLS data is that OSHA exempts farms with fewer
than 11 paid employees and all unpaid family members working on farms
from its record-keeping requirements.

In 1996 the United States recorded 710 deaths and 150,000 cases of perma-
nent disability due to occupational accidents in the agricultural sector. The
mortality rate declined from 24 per 100,000 workers in 1992 to 21 in 1996,
with a peak of 27 in 1993. These figures excluded properties with fewer than
11 employees and workers under 16 years old. Other commonly reported
injuries included accidents with large animals, insect stings, cuts, burns, and
falls. The NSC reported the fatality rates for agricultural workers in 2000 as
being 22.5 per 100,000 workers compared to 3.8 for all other industries (5).

Agriculture continues to be one of the most hazardous and least regulated
major industries worldwide. The World Health Organization (WHO) and
ILO are the leading international bodies working toward the establishment of
universal standards for agricultural health and safety legislation. In addition
to political recognition of the benefits of strong occupational safety and
health legislation, countries with strong labor representation (e.g., United
States, Australia, France, and Brazil) tend to have more effective occupation-
al safety and health regulation (1). Unfortunately, the agriculture sector is
still exempt from many general occupational safety and health regulations.
The health of the agriculture sector is still thought of as a public health issue
to a great degree and not always fully covered under occupational health and
safety regulation. Occupational medicine, industrial hygiene, and safety
organizations may have a strong impact on improving agricultural workers
safety protections through the provision of focused educational curricula and
renewed attention to the agriculture sector.

International Regulation

Internationally many different systems address agriculture safety and health.
Usually, general labor laws or labor codes give no specific reference to or may
not fully apply to the agricultural sector. Agriculture is given only limited
attention in the occupational safety and health regulation of many countries.
In other countries, such as Brazil, Kenya, and Mexico, general labor laws
apply to agriculture along with other industries. In certain countries, no safe-
ty and health laws apply to the agricultural sector at all. The general labor
laws of a number of countries, such as Ghana, Jordan, Morocco, Nepal,
Sierra Leone, Sudan, Turkey, Yemen, and Zaire, exclude agricultural workers
completely or partially (1). The WHO and ILO work together to encourage
national safety and health strategies and have developed many conventions
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and recommendations that relate to agriculture. Adoption of ILO conven-
tions is voluntary on the part of member nations. Table 4.1 lists selected ILO
conventions that apply to agriculture.

Effective regulation of agriculture health hazards is difficult for a variety
of reasons including the lack of a mutually accepted definition of agricul-
ture used by the international community, the unorganized nature of
agriculture, the remote locations of work sites, and the lack of strong cen-
tralized occupational safety and health authorities. In many Third World
countries, subsistence farming predominates. Communal farming with no
direct employer—employee relationship is also common in many parts of the
world. This along with a poor occupational health infrastructure lends itself
to little or no regulatory enforcement (6).

The 1962 ILO/WHO Committee on Occupational Health developed a def-
inition of agriculture that may be used to define a common population for
coverage under occupational safety and health regulation and for reporting
of occupational injury and illness incidents in agriculture:

“Agriculture” means all forms of activities connected with growing, harvesting, and
primary processing of all types of crops, with the breeding, raising, and caring for ani-
mals, and with tending gardens and nurseries (7).

Even in industrialized countries such as the United States and South
Korea, small family farms make up the vast majority of agriculture work-
places (6). Many of these farms do not employ full-time employees and may
rely on temporary migrant workers during high-activity periods such as
planting and harvesting. These farms are generally exempt from occupa-
tional safety and health regulation. Migrant workers tend to lack power due
to cultural disparities, economic and political disadvantages, and lack of
union representation. Following these workers and soliciting their participa-
tion in enforcing occupational safety and health regulation is a difficult
challenge. Couple this with a lack of access to medical care, no federal require-
ments for the provision of medical surveillance for agriculture workers, and

TABLE 4.1. Selected International Labor Organization conventions that apply to

agriculture.

Convention Overview

Minimum age C. 138 Establishes the minimum age of employment.

Exempts family and small-scale farms

Working environment C. 148 Provides recommendations regarding air pollution,
noise, and vibration exposure

Labor inspection C.81 Requires member nations to maintain a system of
labor inspection and enforcement

Occupational cancer C. 139 Requires member nations to reduce worker exposure
to carcinogenic substances

Occupational health Services C. 181 Recommends that nations adopt national policy on

occupational health services for all workers
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no requirements for documentation of workplace injuries and illnesses
leaves the majority of agriculture workers unprotected by governmental reg-
ulation (1).

United States Regulation

In the United States, the Occupational Safety and Health Act (OSHAct) of
1970 has established specific regulations that apply to agriculture (Table 4.2)
(8). The Occupational Safety and Health Administration (OSHA) enforce
these regulations in states covered by the OSHAct. On the federal level the
small farm exemption to the OSHAct prohibits enforcement of OSHA regu-
lations on farms with fewer than 11 employees. State plans are not required
to operate under this exemption. The health care provider must determine
whether OSHA or state regulations apply in each situation.

Section 18 of the OSHAct allows states to establish their own occupation-
al safety and health plans that are “at least as effective” as the federal plan.
Currently 26 states have their own occupational safety and health plans.
These states may have more stringent regulation and additional regulations
that apply to agriculture. For example, the OSHA Bloodborne Pathogens
Standard does not apply to agriculture operations whereas the Washington
State standard does. The OSHAct applies to most federal workplaces regard-
less of their location. Selected federal regulations that apply to agriculture are
summarized in the following paragraphs.

Required Record Keeping

Section 29 CFR 1904 of the code of federal regulations, Recording and
Reporting Occupational Injuries and Illnesses, requires employers to record
all work-related injuries, illnesses, and deaths on the OSHA 300 or

TABLE 4.2. Occupational Safety and Health Administration standards that apply to

agriculture.

Temporary labor camps: 29 CFR 1910.142

Storage and handling of anhydrous ammonia: 29 CFR 910.111

Logging operations: 29 CFR 1910.266

Slow-moving vehicles: 29 CFR 1910.145

Hazard communication: 29 CFR 1910.1200

Retention of Department of Transportation (DOT) markings, placards, and labels: 29 CFR
1910.1201

Cadmium: 29 CFR 1910.1027

Rollover protective structures (ROPS) for tractors used in agricultural operations: 29 CFR
1928.51

Guarding of farm field equipment, farmstead equipment, and cotton gins: 29 CFR1928.57

Field sanitation: 29 CFR 1928.110
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equivalent form (specified industries, such as dental clinics, are exempt from
this regulation). A summary of these events must be posted in the workplace
on an annual basis. In addition, the employer must report any deaths, mul-
tiple hospitalizations, or catastrophic incidents, e.g., loss of a limb, to the
local OSHA office within 8 hours. Employers with fewer than 11 employees
at any given time in the year are exempt from this regulation. The recording
and reporting requirements do not cover unpaid family members working
on farms (9).

Temporary Labor Camps

Although agriculture employers are not required to provide housing to tem-
porary employees, 29 CFR 1910.142, Temporary Labor Camps, applies when
the employer provides temporary housing to workers. This regulation seeks
to ensure a safe and healthful place of living for migrant and other tempo-
rary workforces. Temporary labor camps must maintain minimum standards
for site, shelter, water supply, toilet facilities, kitchen and dining facilities, pest
control, first aid, and reporting of communicable diseases.

Hazard Communication

The Hazard Communication regulation, 29 CFR 1910.1200, was developed
to make sure employers and employees are informed about chemical haz-
ards in the workplace (except for pesticides, which are regulated by the
Environmental Protection Agency, EPA). The regulation requires employ-
ers to obtain and maintain Material Safety Data Sheets (MSDS), inform
and train employees, and label containers holding hazardous chemicals.
Chemical manufacturers and importers, not employers, are required to
evaluate chemicals and determine whether they are covered under 29 CFR
1910.1200.

Hazardous chemicals are any chemical, mixture of chemicals, or biological
or physical agent that may cause short- or long-term health effects in exposed
employees; these may include:

e Carcinogens (ethylene oxide, formaldehyde)
e [rritants (anhydrous ammonia, organic solvents)
e Corrosives (formic acid, calcium oxide)

Anhydrous Ammonia

Anhydrous ammonia is a nitrogen-rich crop fertilizer. It is a liquid when
stored and becomes a gas when applied to the soil. Contact with anhydrous
ammonia causes rapid dehydration resulting in severe burns of the skin and
mucous membranes. Proper storage, application, and personal protective
equipment use is essential when using anhydrous ammonia (3).
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The Occupational Safety and Health Administration’s anhydrous ammo-
nia regulation, 29 CFR 1910.111, applies to the design, construction, loca-
tion, installation, and operation of anhydrous ammonia systems including
refrigerated ammonia storage systems. However, it is recommended that any-
one handling anhydrous ammonia wear a face shield or goggles, rubber
gloves, and a heavy-duty long-sleeved shirt as minimum protection. A full-
face piece respirator with NIOSH-approved ammonia canisters is available at
all fixed anhydrous ammonia storage locations and in transport vehicles (10).

Field Sanitation

The Field Sanitation regulation, 29 CFR 1928.110, was adopted to reduce the
communicable disease risk among agricultural field workers. The regulation
requires employers of field workers to provide potable drinking water, toilets,
and hand-washing facilities to hand laborers in the field. The regulation does
not cover livestock operations and hand labor operations in permanent struc-
tures (e.g., packaging and storage facilities). Employers must also inform each
employee of relevant health hazards (e.g., gastrointestinal illness) and good
hygiene practices that can reduce these hazards. Occupational health profes-
sionals can be instrumental in providing hygiene education resources and sup-
porting agricultural employers in providing appropriate field sanitation
programs.

Worker Protection Standard

The United States Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA) gives the EPA the authority to regulate pesticides. In 1995 the EPA
adopted the Pesticide Worker Protection Standard (WPS), 40 CFR 170. The
WPS seeks to reduce pesticide exposure through four primary interventions:
use of personal protection equipment, posted pesticide safety information,
decontamination, and restricted entry intervals. The Food Quality Protection
Act (FQPA) of 1996 mandated a massive re-registration of pesticides to
occur over a period of years. Since the WPS requires that all pesticide label
instructions be followed, the FQPA may result in increased protections
afforded to agriculture pesticide handlers. The EPA is the lead enforcement
agency for the WPS but has delegated much of this responsibility to the
states. In most states the state Department of Agriculture administers the
WPS (3).

When pesticides are used that require respiratory protection, a respiratory
protection program must be in place in accordance with OSHA general res-
piratory protection regulation, 29 CFR 1910.134. All respirator users must
undergo an initial medical evaluation regarding their fitness to use a respira-
tor under their specific working conditions. This medical evaluation is repeat-
ed at the recommendation of the evaluating health care provider, whenever
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work conditions change, or whenever a change in the employee’s physical
status may affect respirator use. Annual respirator fit testing and training is
also required.
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There is a frequently told story in Indiana of a farmer who, during corn har-
vest, had his arm amputated when it became entangled in the plugged husk-
ing bed of an older model corn picker. Rather than shutting off the power to
the picker, he left the tractor seat with the power takeoff engaged and
attempted to unplug the operating husking bed using his gloved hand. His
glove became caught between the husking rolls, pulling the farmer’s hand and
arm into the machine up to his elbow. It was several hours before he was dis-
covered, and he had to be cut out of the machine by local emergency rescue
personnel. His injuries required a lengthy hospitalization and rehabilitation
as he learned to use his newly fitted Dorrance upper limb prosthesis. A year
later, however, the farmer headed back to the field with his already well-used
“farmer’s hook” and the same tractor and corn picker. He proceeded to lose
the other hand while again unplugging the husking bed without first shutting
oftf power to the machine.

When this story is repeated to a farm audience, the response is almost
always laughter with a few expressions of disbelief. It’s hard for most people
to imagine that anyone could go through an entanglement in a corn picker,
amputation of his arm, and months of physical rehabilitation and not learn
from his mistakes.

This type of incident, documented for many types of hazards in agricul-
ture, is sometimes used by safety and health professionals to discredit the role
of education as an effective prevention strategy in reducing the frequency and
severity of agricultural injuries and disease. Using anecdotal, insufficient, or
poorly interpreted data, safety and health professionals undermined the tra-
ditional “milking stool” model of safety introduced by Harvey in the early
part of the 20th century (Figure 5.1) (1).

As the field of agricultural safety has moved from a cadre of professionals
with primarily educational and engineering training to a predominance of
individuals trained in epidemiology, medicine, public health, and other basic
sciences, the supporting role of education has been replaced by “research-
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FIGURE 5.1. Milking-stool approach
to safety and health involving the I Safety and Healthl

“three E’s.” (Copyright W.E. Field L/\\ \

and R.L. Tormoehlen, used with per-
mission.)

( Education <.

based” initiatives to change public policy, regulations, and engineering stan-
dards. Some safety and health professionals have found Harvey’s model
philosophically bankrupt and largely irrelevant, motivating them to pursue
more aggressively coercive approaches to behavior modification such as
changing public opinion and regulations (1-6).

Has some new body of knowledge determined that education and training
are no longer profitable tools for injury and disease prevention, or have other
influences or special interests caused the role of education to be diminished
in the field of agricultural safety and health? What has changed since
Whitney (7) published his 1926 article, “The Fundamental Significance of
Safety Education” or since Stevenson (8) argued that “the most important
single factor . . . in our accident prevention movement is education”?

In the United States each year, approximately 750 farmers, ranchers, and
agricultural workers, and their family members are killed and another
130,000 are injured as the result of attitudes or behaviors that they, in most
cases, knew intellectually and experientially to be unsafe. In addition, others
within this population, including children and newly hired workers, are
injured by hazards of which they were ignorant. It is unlikely that there is a
farmer or rancher in North America who doesn’t know, for example, that
handling anhydrous ammonia without adequate eye protection can lead to
harmful consequences or that contacting an unguarded rotating shaft can
cause injury. In fact, it can be convincingly argued that the majority of
injuries on farms and ranches are caused by behaviors or actions that the vic-
tim knew at the moment had a higher probability of causing injury than what
would be encountered through normal daily living (9,10). Recognizing that
all hazards cannot be fully mitigated, those involved in prevention need to
recognize the gap that exists between what is known about the causes of agri-
cultural injuries and disease and how agricultural workers will act in any
given circumstance. Neglecting the need to effectively transfer and reinforce
safety and health information to those most vulnerable allows the problem to
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continue. Regardless of the advancements made in agricultural production
technology, safety engineering, and safety and health regulations, education
and training remain essential ingredients in the prevention of agricultural
injuries and diseases (9,10).

Roots of Agricultural Safety and Health Education

The beginnings of agricultural safety and health go back to earliest recorded
history. The Code of Hammurabi (1750 B.C.) and the Mosaic laws included
specific rules relating to the well-being of agricultural workers. The Mosaic
laws included provisions for ensuring that owners of livestock with horns
knew that they had a responsibility to protect others from being gored, that
those who dug pits or wells would provide a cover for them to prevent unin-
tentional injury, and that builders would incorporate railings to prevent falls.
Moses then instructed the people to teach these rules diligently to their chil-
dren and to discuss them repeatedly to ensure that their children understood
them (11). The United States public and nonprofit agricultural safety and
health programs that exist today generally trace their roots to organizations
such as the Cooperative Extension Service, American Society of Agricultural
Engineers, National Safety Council, Farm Equipment Institute, and farm
organizations such as Farm Bureau. In 1942 the National Safety Council
held the first National Home and Farm Conference that eventually led to the
declaration of National Farm Safety Week in 1944, a nationwide effort to
educate farmers on the importance of reducing the number of injuries to
ensure an uninterrupted flow of food during World War II (2,12).

Over the last 50 years, the primary means of disseminating agricultural
safety information has been through the farm media and programs conduct-
ed by university- and school-based education programs. These programs were
designed and conducted to address a wide range of health and safety issues.
During that time very few resources were invested in exploring the effective-
ness of the educational strategies, but the practices and technology of agri-
culture were changing so rapidly that cause-and-effect relationships would
have been difficult to substantiate.

With the introduction of research funds in 1990, the research emphasis for
many of the new professionals in the field has been surveillance and evalua-
tion of the effectiveness of the educational and engineering methodologies.
The decline in the number of fatal and nonfatal injuries associated with agri-
culture has reached a point where it is unlikely that any single strategy will
result in additional decreases. Consequently, more energy is being invested in
measuring results on a longitudinal and finite level. It can be argued that the
most effective strategy has been the reduction in the number of people
engaged in agricultural production due to new agricultural practices and
intensive use of mechanization. Modern agriculture in North America is
safer than at any time in its history (12).
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Barriers to Communication

Part of the problem of effectively applying educational principles to agricul-
tural safety and health is the lack of a common language that professionals
can use to communicate among themselves and with the population they are
trying to reach. Unlike the engineering, legal, and medical professionals, who
generally use highly consistent terminology to communicate, educators have
yet to develop a comparable means of sharing information. Even the most
fundamental terms such as education, training, competencies, school, evalua-
tion, and instructor are interpreted to mean widely different things to differ-
ent people. The terms education and training by themselves can generate a
long list of nondefinitive responses such as information dissemination, per-
suasion, development, directed teaching, instruction, discipline, and so forth.
At times even the words used to define the core components of the educator’s
language are unhelpful in developing a broad base of understanding.

Another aspect is the lack of consistent forms of measurement to assess
program effectiveness or student performance. An engineer can measure the
temperature of hydraulic oil or the angle of an incline and have his findings
replicated by another engineer anywhere in the world, even if he or she speaks
a different language. A physician can diagnose a disease or treat a symptom
using a technique developed 50 years ago by another physician and the out-
comes will be highly consistent. On the other hand, an educator can apply a
standard educational strategy to a group of 20 different individuals and
achieve 20 extremely varied results. Knowing that a student is able to pass a
written examination on a certain area of safety does not guarantee that he or
she will perform safely. It is this apparent lack of consistency and confusion
over the professional language that has led other professionals to view the
role of education as less rigorous or scientific and therefore less effective in
contributing to a reduction in agricultural injuries.

Barriers to communication also exist that are associated with the technical
terms used in agricultural production. Terms such as agricultural, farm, farm
owner, and farm worker are not uniformly defined and lead to considerable
confusion when attempting to identify and communicate with the target
population. Another example is the term confined space that applies appro-
priately to a grain storage bin used in an industrial setting but, due to U.S.
federal regulations, does not apply to the same structure with the same con-
tents located on a farm.

Geographic and enterprise differences also increase the difficulty in devel-
oping uniform agricultural safety and health educational materials.
Agricultural producers in Wyoming do not want to be referred to as farmers
but prefer the term rancher. Even certain production practices have devel-
oped terminology unique to geographic regions, countries, or continents.

The most rapidly growing barriers to communication between health and
safety professionals and the agricultural community are literacy and lan-
guage. The U.S. Department of Education’s National Adult Literacy (NAL)
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survey in 1993 found that nearly 50% of Americans over the age of 16 lacked
the reading and writing skills to function effectively in the workplace. Of this
functionally illiterate population, almost half were barely able to read or
write at all, while the rest lacked literacy skills beyond the fifth-grade level.
Forty-three percent of those with the lowest literacy skills lived in poverty,
17% received food stamps, and 70% had no job or only part-time employ-
ment such as seasonal and migrant farm work. Research to assess the pesti-
cide safety knowledge of Hispanic migrant farm workers has found that such
assessments are difficult because of the increasing number of migrant work-
ers who speak indigenous languages and cannot understand either the
English or Spanish training materials. It has been shown that even in high
school-based agricultural education programs literacy skills reduce the effec-
tiveness of computer-based education programs (13-15).

As there has been a decline in the number of seasonal and migrant
agricultural workers, there has been a rapid growth in the number of Spanish-
speaking workers employed in permanent positions in production agricul-
ture. There is currently little agricultural safety and health information
suitable for use with this population (12).

Role of Education in the Safety Hierarchy

In addition to the “three E’s model” of achieving safety (engineering, educa-
tion, and enforcement), various forms of the hierarchy of safety have been
utilized by the agricultural safety and health profession. Each of these mod-
els typically includes an educational component, but most place it at the bot-
tom of the structure or list of priorities. The steps in the hierarchy of one
commonly used model are summarized as follows:

1. Remove or eliminate the hazard.

2. Guard the hazard from inadvertent contact.

3. Warn the user/operator of the potential hazard.

4. Protect the user/operator with personal protective equipment.
5. Train the user/operator to avoid contact with the hazard.

Examples of how this hierarchy of safe design applies to agricultural
hazards are shown in Table 5.1. Other models of injury prevention
include the application of human factors and ergonomics to the design
process, a risk management approach, and the public health model.
Little attention is given to education in the development of these models.
There is no question that an educational component is there, but it is
often buried in narrow professional language that most professional edu-
cators find uncomfortable. This includes terms such as behavioral man-
agement, acceptable risks, cost-benefit analysis, and humans being
referred to as “hosts” (2).
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TABLE 5.1. Applications of hierarchy of safe design to selected agricultural hazards.
Hazard Solution based on utilizing each step in the hierarchy

Falls from upright silos Convert feed storage to use of bunk silos or silage bagging
to eliminate the need for climbing silos and the potential
risk of falls from silos.

Entanglements in grain augers Guard exposed auger flighting to meet American Society
of Agricultural Engineers (ASAE) guarding standards to
prevent physical contact with the rotating auger and still
allow auger to function

Entanglement in power takeoff ~ Place “DANGER?” safety messages on the drive-line shaft

drive lines beneath shielding to warn operator of hazards when
shield is removed
Tractor rollover injuries Install rollover protective structure (ROPS) on tractor to

provide a zone of protection for the operator in the event
of overturn
Increased risk of youths being Require youths to complete training
injured while operating
agricultural equipment

Source: From Murphy (2).

Efficacy of Education

There is little published work demonstrating the efficacy of agricultural
safety and health education programs on reducing the frequency and severi-
ty of agricultural injuries and diseases. This lack of evidence is largely due to
the lack of emphasis given to program evaluation by those organizations and
agencies traditionally involved in agricultural safety and health. However, a
number of studies have clearly demonstrated that educational programs, if
implemented well, can enhance the safety and health of those engaged in
agriculture (16,17).

Youths participating in a 4H club—sponsored tractor operator safety train-
ing program were observed to be better and safer operators than youths who
had not participated but operated tractors regularly. Farmers were found to
be more likely to reduce or eliminate hazards on their farms if they had been
given a manual on safety and health best management practices compared to
a control group that had not received the manual. High school agricultural
education students were found to perform equally well using either a com-
puter-based form of instruction or traditional instructor—based teaching
methods in acquiring core competencies related to agricultural tractor and
machinery operation. Farmers were found to be less likely to have been
involved in a flowing grain-related incident if they had participated in train-
ing that addressed the dangers of flowing grain (18,19).

It appears that current funding criteria place greater emphasis on program
evaluation, which should quickly close the current gap in definitive findings
on the value of education in agricultural safety and health.
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Barriers to Education

Implementing educational methodologies designed to enhance the safety and
health of those engaged in agricultural production has proven to be a com-
plex problem. The fundamental sources of complexity have little to do with
the problem of knowing what hazards need to be addressed. For example, it
has been known for several decades that nearly half of all agricultural trac-
tor-related fatalities could be prevented if all tractors were equipped with
rollover protective structures (ROPS) and seat belts and that as many as half
of all child-related fatalities on farms could be eliminated if children were not
transported as extra riders on tractors (see Chapter 6). However, transfer of
this knowledge in a way that results in clear recognition of the hazards,
changed attitudes about the particular hazards, and modification of risky
behaviors has proven difficult. Some of the reasons for these barriers are dis-
cussed below (12).

Conflicting Traditions and Values

There has been historically more tolerance within the agricultural communi-
ty for a greater incidence of farm-related fatalities, injuries, and disease than
is commonly found in most other industries. This tolerance is deeply rooted
in the character of agriculture and is not unique to more highly developed or
mechanized countries. Farmers and ranchers around the world experience a
greater loss than most of their urban counterparts and these losses have
grown to be expected and accepted.

From a Western perspective, farmers tend to hold a more Calvinistic per-
spective on harmful events, which are often viewed as acts of God that are
out of their personal control and are generally viewed as inevitable. If the
audience being educated does not have the same worldview as the educator,
including a common understanding that they have the collective ability to
modify potentially harmful human experiences, the adoption of many pre-
vention strategies will be unlikely (20).

Diversity of Hazards

Few occupations consist of a wider diversity of tasks, environmental condi-
tions, and hazards than agriculture. No single educational approach can
address all of the potential hazards that a worker will encounter.
Consequently, current educational efforts tend to address the greatest haz-
ards and apply the principles of cost-benefit to modify public opinion about
safety procedures and policy.

Contributing to the diversity of hazards found in agriculture are rapidly
changing agricultural practices and the introduction of new technology on
farms and ranches. When corn pickers were introduced in the late 1940s,
there was a rapid rise in the number of hand-related injuries due to exposure
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to the unprotected husking bed. When combines were developed and became
widely used in the 1960s, the incidences of corn picker-related hand injuries
declined rapidly and became extremely rare. However, with the rapid increase
in the exposure to shelled corn and on-farm storage introduced by the com-
bine, there was a corresponding increase in entrapment and suffocations in
wagons and bins used to transport and store the free-flowing grain.

Staying ahead of the rapid introduction of new practices and technology
has been difficult for agricultural safety and health professionals, especially
since resources have been so limited. Most of the responses have been more
reactive than proactive, as in the cases of injuries caused by large round bales
or exposure to anhydrous ammonia during its theft for making illegal
methamphetamines. The widespread introduction of biologically modified
organisms is another example of a practice and technology about which there
remains uncertainty as to its potential for harm.

Diversity of the Work Force

Agricultural production is carried out by a wide range of individuals with
substantially different physical characteristics, ages, educational background,
and language skills. A review of farm-related fatality data will disclose cases
involving tractor operators who are under the age of 10 and over the age of
90. Farmers, ranchers, and agricultural workers bring to their work every-
thing from a minimal education in Mexico to a Ph.D. in soil science. There
appears to be no research that has demonstrated a significant relationship
between educational background and propensity to be involved in a fatal
farm-related incident, and even less on the educational methodologies that
are needed to reach such a diverse audience effectively (21).

An increasingly complex issue for agricultural safety and health educators
is the growing proportion of the agricultural work force that speaks English
as a second language and has limited reading comprehension skills.
Traditional safety and health education methodologies are not appropriate
for these audiences who will require a greater use of verbal and visually based
instruction (12).

Scattered and Isolated Farm and Ranch Locations

There are approximately 10 to 12 million farms and ranches in the world,
many of which are located in relatively isolated locations. Reaching these sites
in a cost-effective manner has proven very difficult. Historically, the primary
means of providing educational resources to the farm population has been
through programs offered by government or university extension services.
The United States and many other countries have an extension office that is
supported by university and government specialists. Programs have included
coordination of the tractor and machinery certification training for youths
aged 14 to 16 seeking employment in agriculture, for pesticide applicator



50 W.E. Field and R.L. Tormoehlen

training, and for technical assistance to farmers and ranchers impacted by
disability. These networks of educators are being seriously eroded by budget
cuts at all levels. One of the rationales provided was that the program lacked
a sufficient research base (12).

Cheap Food Policy

One of the most complex and least understood influences on the safety
and health of agricultural workplaces is the economic structure under
which agriculture operates. Agricultural production and its associated
policies are designed to give the perception to the consuming public that
food is cheap when, in fact, food production, processing, and distribution
are heavily subsidized through tax funds. In the United States, a loaf of
bread may cost the consumer $2.00 at the supermarket, but it may actual-
ly cost another $.50 from the taxes that are directed to the farmer in the
form of crop payments or other subsidies. In 2003 total farm income
amounted to $59.2 billion, of which $15.9 billion or 26% came from gov-
ernment payments (22).

This subsidized approach to food production directly impacts agricultural
safety and health and the education methodologies that can be used to effect
change in agricultural workplaces. Farmers, in exchange for the subsidies
they receive, give up most of their control over the price of the products they
produce and therefore are prevented from passing along the cost of imple-
menting safer agricultural production practices and technology directly to
the consumer. When an automobile manufacturer incorporates an airbag
into the design of a new car, the cost is added directly to the sticker price. If
a farmer adds a ROPS to one of his tractors, he cannot transfer the cost of
this safety device to the consumer because the price of his crop or livestock
is perceived to be relatively fixed. The cost of the ROPS has to be taken from
the anticipated profits, which may not be realized due to circumstances often
beyond his control, such as the weather. Likewise, investment in training of
agricultural workers has been viewed by many agricultural producers as an
expense that cannot be passed on to the consumer. Therefore, investment in
safety and health is generally viewed as optional and somewhat risky. If there
is little clear evidence that such an investment will generate a return, there is
little incentive to make it.

In addition, in return for “cheap” food, legislators have provided farm-
ers with numerous exemptions from the regulations that apply to almost all
other industries. In the United States, this includes the general exemption
of farms with fewer than 11 employees from current workplace safety and
health rules and from the provisions in the Federal Fair Labor Standards
Act that allow children under 16 to be employed on farms if they are cer-
tified as having received training. Removing these exemptions would result
in a substantial increase in the cost of production on most farms and
ranches.
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Conclusion

Education and training are essential components of a comprehensive effort
to enhance the safety and health of agricultural workplaces. The transfer of
knowledge using sound educational methodologies will not be replaced either
by more intensive research efforts or by implementation of new safety and
health regulations. As new knowledge on causative factors is acquired and
new regulations are implemented, the demand for educational and training
programs that are unique to agriculture and its work force will increase.
There remains tremendous opportunity for educators to play a significant
role in ensuring that workers in agriculture are equipped with the best knowl-
edge and tools to perform their jobs in a safe and healthy manner.
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Personal Protective Equipment and
Safety Engineering of Machinery

MARK A. PURSCHWITZ
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Personal Protective Equipment

Preventing injuries may involve providing personal equipment to individual
workers to protect them against hazards. Decisions about personal protective
equipment (PPE) should be made based on knowledge of the hazards for any
particular task and the PPE available to protect against such hazards.
Agricultural chemicals have both detailed labels and Material Safety Data
Sheets (MSDS) that provide recommendations for appropriate PPE to pro-
tect workers from specific chemicals. Reputable suppliers are knowledgeable
about the capabilities of various types and variations of PPE and should be
consulted in the selection process (Table 6.1).

Eye Protection

Eye protection is critical for protecting an incredibly valuable yet vulnerable
organ from traumatic injury. Flying particles, objects, or chemicals can
instantly cause blindness. A variety of safety glasses, goggles, and face shields
are available to protect against such hazards.

Safety glasses to protect against impact should meet the recognized
American National Standards Institute (ANSI) standard for eye protection
(ANSI Z87.1-2003). A variety of stylish safety glasses are available to meet
the comfort and appearance desires of any user. Safety glasses generally offer
wraparound protection or folding side shields. Prescription safety glasses are
also available through opticians. Goggles also provide impact protection,
including fitting over glasses. Face shields meeting the standard provide
impact protection to the entire face (1).

Eye protection from chemicals involves protecting against direct splash,
although in some situations protection against vapor is also needed. To pro-
tect against direct splash, chemical goggles or a face shield is needed.
Chemical goggles differ from other goggles by having indirect venting—
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TABLE 6.1. Personal protective equipment.

Eye protection Safety glasses, goggles, chemical goggles

Hearing protection Earplugs, earmuffs, noise-reduction rating (NRR)

Respirators Particulate, chemical (half-mask, full-face), powered
air-purifying, supplied-air

Coveralls and aprons Disposable, liquid-resistant, liquid-proof

Gloves, shoes, boots Chemical protective, other

Fall arrest systems Body harness, lanyard, anchor point

instead of holes along the side, which could allow liquid to splash through,
chemical goggles have vents that allow air movement but do not provide a
direct path for splash. Anhydrous ammonia is a common agricultural chem-
ical for which protection is needed against the vapor as well as splash, so non-
vented rather than regular chemical goggles should be used. If a face shield
is used to protect the face against anhydrous ammonia splashes, non-vented
goggles must still be worn.

Hearing Protection

To protect the ears against noise, hearing protection PPE is available in two
common forms: earplugs and earmuffs. Earplugs are commonly made from
high-density foam that can be compressed for insertion into the ear, after which
the foam expands to block the ear canal. Some earplugs are made from a very
soft plastic. Earplugs are typically disposable, but reusable types are available.

Earmuffs fit over the ears to provide hearing protection. They are designed
for that purpose and should not be confused with music headphones. Some
earmuff-type hearing protectors are available with built-in radios.

Hearing protectors are rated with a noise reduction rating number (NRR),
which is in decibels (dB). The NRR is determined by the manufacturer, using
Environmental Protection Agency (EPA)-mandated laboratory procedures.
A rating of NRR 28 means that under ideal conditions the equipment
reduces noise levels by 28 dB. However, to reflect real-life experience, the
United States Occupational Safety and Hazard Administration (OSHA) de-
rates the NRR by half, and the National Institute of Occupational Safety and
Health (NIOSH) recommends different correction factors based on the type
of hearing protector (2).

Pulmonary Protection

Respirators are devices that fit on the face or head to provide protection
against hazards from dusts, mists, fumes, and vapors. Respirators are
designed for specific hazards. Testing any respirator to obtain a good fit of
the mask to the individual user’s face (fit testing) is important. The vendor
or respirator manufacturer can provide instructions on how this should be
done. Many companies have a trained individual to do fit testing using
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special equipment or procedures, but for many agricultural operations it is
up to each worker to follow the instructions and ensure the mask fits
properly. Beards interfere with sealing and are generally not compatible with
respirators.

Particulate Respirators

To prevent respiratory exposure to dusts, mists, and vapors, respirators are
available in a variety of models. Particulate respirators, also known as dust
and mist respirators, are intended for dusts from hay, silage, molds, soil par-
ticles, and the environment inside livestock buildings, which can consist of
manure particles, feed particles, and animal dander. Mists are composed of
relatively large suspended liquid particles and thus can be filtered by particu-
late respirators, as opposed to vapors that must be filtered by other means.
Particulate respirators should never be used when hazardous vapors will be
present.

A particulate respirator is not the same as the simple dust mask often
found at hardware or discount stores. An approved particulate respirator has
been tested and approved by the National Institute for Occupational Safety
and Health (NIOSH) or the Mine Safety and Health Administration
(MSHA) and has an approval number, starting with the letters “TC.” It can
filter out small toxic particles like mold spores and is very useful in agricul-
tural applications. It typically has two straps appearing relatively thick com-
pared to those on a dust mask and covering the nose, mouth, and chin (3).

Dust masks are for nuisance dusts like sawdust or pollen, are relatively
thin, and typically have one strap. They have not been tested and do not carry
a TC approval number. Dust masks costs much less than true particulate res-
pirators, perhaps one tenth as much, but they are not recommended. An
unapproved dust mask should never be called a “respirator.”

Particulate respirators are rated for protection against oil-based chemicals
and overall filtering efficiency. To follow these ratings, manufacturers’ rec-
ommendations should always be followed regarding proper duration and
conditions of use (Table 6.2).

Particulate respirators may have special features. Some have exhaust
valves that make breathing easier and also enable a better seal to be main-
tained with the face. Without an exhaust valve, exhalation tends to push the
respirator away from the face. Some contain a layer of activated carbon to

TABLE 6.2. Rating system for particulate respirators.
Overall efficiency

at filtering particles Rating letter Rated as
95% N Not resistant to oils
99% R Resistant to oils (<8 hours)

100% P Oil proof




56 M.A. Purschwitz

remove nuisance odors, not to be mistaken for true chemical respirators. Still
others are designed specifically to protect against welding fumes (a fume is
an aecrosol of small particles from condensation of molten metals, such as
from welding).

Some chemical respirators can be fitted with particulate filters, either for
particulates alone or in series with a vapor cartridge as a pre-filter ahead of
the particulate cartridge. These particulate filters are approved respirators
and as such carry NIOSH approval numbers.

Chemical Respirators

Chemical respirators filter out vapors that are the gaseous form of a liquid or
solid, such as gasoline. They also carry TC approval numbers. These respira-
tors typically have cartridges of activated carbon and are color-coded for
easy identification. Standard cartridges are black for organic vapors (pesti-
cides and paints), green (ammonia), yellow (acid gases), and white (chlorine).
Although color coding of cartridges is standardized, the shape and fit of car-
tridges among different manufacturers are not requiring use of cartridges
specific to a given brand of respirator (1).

The cartridge instructions, along with chemical labels or MSDS for specific
chemicals, should always be consulted to determine the correct cartridge. As
mentioned earlier, particulate pre-filters can be used ahead of the chemical
cartridge to prevent particulates from clogging the cartridges.

Cartridges are used on several types of chemical respirators. These
include the half-mask with a replaceable cartridge, the disposable half-mask
with fixed cartridges, and the full-face respirator. The half-mask respirator
covers the nose, mouth, and chin, and seals against the top of the nose,
cheeks, and chin. It is held in place by a pair of straps. Most have replace-
able cartridges, allowing replacement when a cartridge’s filtering ability is
depleted and also allowing use of different cartridges in different applica-
tions. Some have fixed cartridges and must be discarded when the filtering
ability is depleted.

The full-face respirator has a large clear face shield and seals around the
entire face, so it protects the eyes as well as the respiratory system. Beneath
the face shield is an inner seal that seals around the nose, cheeks, and chin like
a half-mask respirator. Full-face respirators have replaceable canisters. A full-
face respirator with a very large canister for increased duration of protection
is sometimes referred to as a “gas mask.”

Some tractor cabs are specifically constructed to provide respiratory pro-
tection against chemicals during pesticide spraying. Operators in these
cabs may not be required to wear respiratory PPE. Replacement filters are
available for some “ordinary” tractor cabs. These filters contain activated
charcoal to filter vapors, but they are not approved as replacements for PPE
and do not offer the protection of cabs designed and constructed for that

purpose (1).
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Powered Air-Purifying and Supplied-Air Respirators

Powered air-purifying respirators (PAPRs) are a helmet or hood with a fan
that pumps filtered air into it. The filter generally consists of one or two car-
tridges for protection against chemicals and/or particulates, typically
connected to the helmet by a flexible hose. Approved particulate filters for
PAPR units carry a high-efficiency particulate air (HEPA) rating. Because a
PAPR only filters air, it must not be used where inadequate oxygen concen-
trations are present (1).

For protection against atmospheres that are immediately dangerous to life
or health (IDLH) due to lack of oxygen or the presence of toxic chemicals
that cannot be adequately filtered, a supplied-air respirator is required. These
respirators provide breathing air from portable tanks carried by the wearer,
or by an air hose extending to a fixed air supply. Respirators with tanks are
known as self-contained breathing apparatus (SCBA) and are commonly
used by firefighters. They require special training and maintenance, and
should only be used by trained personnel. Underwater SCBA for divers,
known as self-contained underwater breathing apparatus (SCUBA), is not
the same and should not be used as a substitute.

Coveralls and Aprons

Coveralls are used as protective outer garments, particularly against chemi-
cals. The chemical label or MSDS should be consulted to determine the
proper type of coverall. Disposable coveralls are common and come in vari-
ous grades depending on the level of protection needed. The most common
material for disposable coveralls is Tyvek, a fabric made by DuPont. Ordinary
Tyvek or its equivalent will normally protect against dry chemicals. Tyvek is
not considered waterproof and therefore offers limited spray or splash protec-
tion. Coated or laminated Tyvek or its equivalent or polyvinyl chloride (PVC)
is needed when more hazardous chemicals are used. Some circumstances
require a complete protective suit, including a hood and gloves (1).

There is a difference between a coverall that is liquid resistant and one that
is liquid-proof. Coveralls made from liquid-resistant materials can still allow
liquids to enter through the seams. A liquid-proof coverall has sealed seams
to prevent penetration (1).

Aprons are generally used when mixing chemicals to guard against direct
splashes of concentrate against the torso. Aprons are commonly made of
nitrile, PVC, or other resistant materials and are less likely to be considered a
disposable item, although some disposable aprons are available.

Gloves, Shoes, and Boots

Protection of extremities, specifically hands and feet, may require special
gloves, shoes, or boots, depending on the hazard.
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For protection against chemicals, gloves are available in several types of
materials. Nitrile is commonly used for protection against pesticides. The
chemical label or MSDS should be consulted for the recommended type. To
protect against absorption of chemicals into a soft inner lining, unlined
gloves are generally used. One exception is gloves used for handling anhy-
drous ammonia, which is extremely cold upon vaporization at ambient tem-
peratures. A soft inner lining is provided as insulation.

Gloves also protect against cuts or abrasions, protect against constant
exposure to or immersion in water, provide increased gripping ability, or pro-
vide increased sanitation when handing food products. Many different types
of gloves are available for virtually any application.

Protective shoes and boots include steel-toed shoes to protect against
dropped objects and boots of various materials to protect against water and
chemicals. For chemicals, the chemical label or MSDS should be consulted
for recommendations. Disposable booties are available in a variety of materi-
als for a variety of applications. Boots or booties should always be worn if
there is risk of direct splash of chemical concentrate onto leather shoes, since
the leather absorbs the chemical and cannot be cleaned.

Fall Arrest Systems

A “personal fall arrest system” is a type of PPE that works in conjunction
with a fixed structure. It consists of a purpose-designed full-body harness
tied off to a fall-limiting device, which in turn is connected to the structure.
All connections use locking snap hooks or D-rings to prevent separation. The
goal is to provide freedom of movement yet prevent or limit falls.

The fall-limiting device typically consists of an elastic shock-absorbing
lanyard, or a retractable lanyard with a braking mechanism, to limit the fall
and the shock to the worker’s body. In all cases the lanyard must be designed
for fall protection and must meet ANSI and/or OSHA standards for strength
and function. Properly designed lanyards and anchorage points should sup-
port 5000 pounds of force per worker (1,4).

One type of fall protection for permanently installed vertical ladders
involves connecting the body harness to a braking mechanism riding on a
vertical cable installed alongside the ladder. The connection allows the per-
son to travel up and down the ladder, but if the person falls the mechanism
grabs the cable and instantly arrests the fall.

Safety Engineering of Machinery

Agricultural machines cut, pick, lift, load, move, carry, unload, strip, thresh,
grind, mix, chop, spread, spray, discharge, and otherwise process many types
of agricultural materials, including crops, soils, chemicals, and wastes. They
also include tractors and other units that provide the power necessary to pull
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and actuate the machines that actually process the materials. This processing
requires machine components of two types:

1. Functional components that perform the desired function on the materials
2. Power transmission components that transmit the power from the engine
or motor to the functional components

Operation of machines can result in acute or chronic injury if they are not
designed with ergonomics and human factors in mind.

Machine Components Presenting Hazards

Types of functional components include:

—_—

. Rotating, oscillating, swinging, or stationary knives
. Rolls and rollers, including pairs that press tightly together
. Plungers

. Rotating bars or cylinders carrying rasps

. Teeth or blades

. Augers

. Swinging hammers

. Fans

. Chains and conveyors

. Large spikes

. Pinch and crush points

— O 0 00 0N L AW

—_ —

Types of power transmission components that present hazards include:

1. Rotating shafts
2. Gears, chains, and sprockets
3. Belts and pulleys

If an engine is present, there are additional hazards of related chemicals
(e.g., fuel, battery acid), and heat, which can lead to contact burns, fires, or
heat exhaustion.

Hydraulics (high-pressure oil that flows from power unit to machine to
perform tasks) is commonly found on agricultural machines. Components
include:

1. Cylinders that extend under pressure to lift or move loads or other
machine components

2. Motors that turn the energy of flowing oil into rotary motion

3. Hoses and tubing that carry the oil

Leaks, ruptures, or failures in the system can expose the operator to hot oil
of 2500 psi or more, resulting in injection injury or burns, or resulting in
cylinders retracting suddenly and dropping loads on unsuspecting people
below.



60 M.A. Purschwitz

Machines that are transported on public roads risk collisions with other
vehicles. Any machine can be involved in a “runover,” where the machine
runs over a victim. These two hazards, plus the hazard of overturns with the
operator beneath are particularly applicable to operators of tractors and self-
propelled machines.

There are additional hazards specific to certain types of machines. For
example, a gravity-unloading grain wagon, which has a slanted floor and can
unload grain by gravity flow, has the hazard of entrapping a person who is
standing on top of the grain when the unloading door is opened.

Safety Hierarchy and Machine Safety Design Protocol

The consensus safety hierarchy for prevention of agricultural injuries follows
five steps, in priority order:

1. Eliminate the hazards, if possible. Observe American Society of
Agricultural Engineers (ASAE) and OSHA safety standards.

2. Guard the hazard. Use shield, casing, enclosure, barrier, or interlock.

3. Warn about the hazard.

4. Train the user about the hazard.

5. Protect the user with personal protective equipment.

Often a combination of methods is used. Design engineers have control over
the first three steps; therefore, these steps comprise a machine safety design
protocol (5).

Eliminating the hazard means using a mechanism that does not include the
hazard, if feasible. Guarding the hazard is done when the hazard cannot be
eliminated; the hazard may be guarded by a purpose-designed shield or cover,
or by location, for example, positioning the hazard in a place inaccessible to
the operator. Warning about the hazard is done even for hazards that are
guarded if there is any chance that the guard might be removed, but is the pri-
mary prevention method where the hazard cannot be guarded. A typical
example of the latter is the crop intake of a harvesting machine, where an
opening must be provided for the crop to enter the machine. Such an opening
might also be used to reach into the machine.

Research has been conducted on presence-sensing devices, such as using
infrared or sonic waves, that would shield hazards from personal contact by
sensing when a person is present and responding by shutting off the machine.
Challenges include prevention of false triggering for mobile machines, shut-
ting off high-inertia machines rapidly, reliability in harsh environments over
many years of service, cost, and risk of providing a false sense of security
(inviting operators into dangerous areas they would normally avoid because
they assume the device will protect them). Because of these challenges, such
devices are not currently found on farm machines (6).

Agricultural machine designs evolve, and increasing attention has been
paid to safety in recent years, as is true for automobiles. However, unlike
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automobiles, agricultural machines last for decades, and thus hazards that
have been eliminated or guarded in newer machines continue to cause injuries
as operators use machines that may be decades old.

Safety Standards

Agricultural machines sold and used in the U.S. and Canadian markets are
designed in accordance with ASAE standards, which are voluntary consen-
sus documents. These standards do not carry the force of law, but they are
followed by machinery manufacturers. Not following such standards is gen-
erally looked upon negatively in any product-related litigation. There are
numerous ASAE standards relating to the safety of machines. While new
standards and revisions of older standards have improved safety of machines
designed and manufactured in accordance with such standards, older
machines in use may not meet such standards, and there is no requirement to
modify or retrofit older machines to newer standards (7).

Two OSHA agricultural standards apply specifically to mobile agricultural
machines:

1. 1928.51, “Rollover Protective Structures (ROPS) for Tractors Used in
Agricultural Operations”

2.1928.57, “Guarding of Farm Field Equipment, Farmstead Equipment,
and Cotton Gins”

In addition, two OSHA general industry standards also have application to
agricultural machines:

1. 1910.145(d)(10), “Slow-Moving Vehicles”
2.910.111(a)and(b), “Storage and Handling of Anhydrous Ammonia”

It is incumbent on the employer, not the manufacturer, to ensure that
machines used by employees meet OSHA standards. Machines designed and
manufactured to ASAE standards are generally considered to meet OSHA
standards. At present, federal OSHA standards are enforceable only on farms
with 11 or more employees, so most farms are exempt. States that have their
own OSHA or equivalent can apply their regulations differently (8,9).

Other countries have their own standards, often in the form of government
regulations, although they may be lacking in developing nations. Some coun-
tries strictly regulate farm machines themselves, either requiring government
approval of new designs or establishing requirements for all machines, new or
old, whereas the United States relies on a voluntary system. The
International Standards Organization (ISO) develops voluntary standards
involving representatives from many countries, including the United States,
but typically national regulations (which may or may not be based on ISO
standards) still take precedence. Harmonization of national regulations or
standards, including ASAE standards, with international standards is an
ongoing process.
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Guards

A guard is “a protective device designed and fitted to reasonably minimize
the possibility of inadvertent contact with machinery hazards, as well as to
restrict access to other hazardous areas” (7). The same standard goes on to
define four types of guards:

1. Shield or cover
2. Casing

3. Enclosure

4. Barrier

Guards are necessary to the prevention of traumatic injury and must always
remain in place during machine operation. Removal of guards, either inten-
tionally or forgetting to replace them following service or repairs, is a com-
mon factor in machine-related injuries (7).

Guards must allow routine maintenance, such as lubrication or cleaning,
and still remain on the machine. Guards may also need to allow movement
and flexibility of the guarded component if the component must move rela-
tive to other components. An example is the guarding system for the imple-
ment input driveline (IID), commonly known as the power takeoff (PTO)
driveline. The driveline connects tractor to trailing machine and must move
laterally, vertically, and telescopically. The guarding system made of three
separate guards must maintain integrity while accommodating all move-
ments. The guarding system must also allow a machine to be hooked up to a
variety of different tractors.

Guards must maintain structural integrity while operating or being stored in
harsh environments including weather, soil, manure, or physical abuse, over a
period of decades. Guards must not be so difficult to remove and replace that
operators find it simpler to leave them off after maintenance or repairs, yet not
be so easily removed that they will fall off or be easily separated (intentionally
or unintentionally) from the machines. Figure 6.1 shows a hinged shield on a
new machine, in the raised position for access.

Openings that allow crops or other materials to enter may also be a path
of entry for a hand, foot, or entire body. Increasing capacity of larger
machines means larger and faster material intake. Guards that inhibit mate-
rial intake are disliked and removed by owners. Augers, for example, are often
guarded by cage-type guards that allow grain to pass through, yet prevent
inadvertent contact with hands or feet. Yet some operators remove the guards
because they feel the guard slows down grain flow. Also, such guards can be
defeated by unsupervised small children where they are not designed to pre-
vent small hands from reaching through, and would be restrictive if they did.

Replacement guards for older machines may be available from the manu-
facturer, but given the age of many machines and the fact that many smaller
manufacturers have gone out of business, such guards may be difficult if not
impossible to locate.
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FIGURE 6.1. Hinged shield in raised (open) position for access.

Interlocks

Interlocks, devices that require the presence or positioning of a guard or con-
trol in order for a machine to function, are common in many industries but
not in agriculture. While some interlocks have been used for years, such as
clutch and transmission interlocks on tractors that require the clutch to be
disengaged and the transmission to be in neutral prior to starting, interlocks
have historically not been used with machine component guards. They have
been considered vulnerable to the rugged use and environments found in agri-
culture, require maintenance, add complexity, and require the operator not
bypass them by removal or electrically wiring around them. Unlike factories,
where workers are supervised and cannot modify machines at will, farms
often have machines operated by owners who wish to maximize production
and minimize costs. Interlocks on guards could complicate troubleshooting,
since it is sometimes necessary to operate the machine with the shield open to
see the problem.

Some interlocks are now being used, such as seat interlocks that shut off
the crop intake of certain machines if the operator leaves the seat for main-
tenance purposes. Other interlocks are specifically intended to facilitate
maintenance and repairs, such as tethered controls on silo unloaders and cot-
ton pickers, which enable an operator to control the machine while standing
near functional components.
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Warnings

Warnings are used when a hazard cannot be eliminated or guarded, meaning
it is up to the operator to take proper actions to prevent injury. Warnings are
also used when hazards are guarded, both to inform the operator and to
provide a reason not to remove a guard or take actions that could result in
injury. Additionally, warnings educate the operator about proper procedures
and additional hazards that a machine operator could encounter during the
course of operation; for example, an operator of a machine that can be raised
to considerable heights would be warned to stay away from overhead power
lines.

Warnings are found both on the machine itself, in the form of safety signs,
and in the operator’s manual, in the form of safety signs and additional text.
Safety signs, sometimes called “warning labels,” should follow ASAE stan-
dards that spells out the design, format, wording, colors, placement, and pic-
torials for such signs. Properly designed safety signs follow a strict protocol,
using a standardized safety alert symbol, a standard “signal word” that “des-
ignates a degree or level of hazard seriousness,” and a message text panel.
They may optionally contain a pictorial panel to overcome language barriers,
and example pictorials are provided in the standard to improve consistency
across the industry (7).

Three signal words, which appear boldly at the top of a safety sign, have
been standardized and are not used indiscriminately. The three words, stan-
dard colors, and definitions are as follows:

DANGER: Printed in white letters on a red background, this “indicates an
imminently hazardous situation that, if not avoided, will result in death or
serious injury. This signal word is to be limited to the most extreme situa-
tions, typically for machine components that, for functional purposes, can-
not be guarded” (7).

WARNING: Printed in black letters on an orange background, this “indi-
cates a potentially hazardous situation that, if not avoided, could result in
death or serious injury, and includes hazards that are exposed when guards
are removed. It may also be used to alert against unsafe practices” (7).

CAUTION: Printed in black letters on a yellow background, this “indicates a
potentially hazardous situation that, if not avoided, may result in minor or
moderate injury. It may also be used to alert against unsafe practices” (7).

Safety signs on machines may fade or be damaged over time. Older
machines may lack safety signs or have signs that do not follow current stan-
dards. Older machines may have operator’s manuals with less safety infor-
mation than would be currently provided. Many operators of older machines
purchased second-hand do not have the operator’s manual. A secure location
for the operator manual is now often provided right on the machine to mini-
mize the chance of loss and promote keeping it with the machine at resale.

Replacement safety signs and operator’s manuals may be available from the
manufacturer, but given the age of many machines and the disappearance of
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companies, such signs and manuals may be difficult if not impossible to locate.
Due to the interest in restoring older tractors, there are independent suppliers
of manuals and some safety signs for old tractors and other machines.

Tractors and Self-Propelled Machines

Operators of tractors and self-propelled machines face risk of overturns,
runovers, and roadway collisions. Tractors and self-propelled machines also
have operator stations that must be engineered with human factors in mind
for safe and comfortable operation.

Overturns

To minimize or prevent injury during an overturn, either caused by operator
practice or situations beyond control of the operator, ROPS have been devel-
oped. They are not ordinarily found on self-propelled machines other than
tractors, since the risk of overturn is considered by the industry to be minimal.

The ROPS are crush-proof structures designed to create a zone of protec-
tion around the operator during an overturn; ASAE standard S383.1 FEB04,
“Rollover Protective Structures (ROPS) for Wheeled Agricultural Tractors,” is
the current standard for ROPS design. The ROPS may be in the form of a
two-post structure (two nearly vertical steel posts located behind the operator
connected by a crossbar on top), a four-post structure, or a cab with a crush-
proof frame. Some ROPS are designed to fold to allow entrance through low
doors or use in low-clearance situations. Seat belts must be worn to prevent
the operator from being thrown outside the zone of protection during an over-
turn. Figure 6.2 shows a two-post folding ROPS in the upright position (7).

Tractor manufacturers have provided ROPS as standard equipment on all
tractors in the U.S. and Canadian market since 1985. Retrofits are available for
many U.S. tractors going back to the mid-to-late 1960s, but availability for trac-
tors older than that is more limited. Federal OSHA standard 1928.51 requires
ROPS only on tractors that were manufactured after October 25, 1976, and
operated by employees. Farmers historically have not voluntarily clamored to
purchase retrofit ROPS. A guide to retrofit ROPS is available (8,10).

Other countries have varying requirements for ROPS. Contacts should be
made with the minister of agriculture or equivalent in countries of interest to
determine such requirements.

Runovers
Runovers can result from three primary causes:

1. Operators or extra riders falling from the operator platform during opera-
tion

2. Operators attempting to start the tractor from the ground while standing
alongside it

3. Unseen bystanders being in the path of travel
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FIGURE 6.2. Two-post folding rollover protective structure (ROPS) in upright
position.

Seat belts help prevent operators from falling from the platform, but only
tractors with ROPS have seat belts, and it is common knowledge that rela-
tively few operators wear them. Cabs offer an additional safety factor but
people (particularly extra riders) have been known to fall against doors or
windows and fall out of the cab. Extra riders should not be allowed, but rec-
ognizing the desire of operators to bring along a second person for training
purposes, manufacturers have provided training seats with seat belts in some
newer tractor cabs. Backup alarms are not generally found on agricultural
tractors and machines.

Roadway Collisions

Engineering to prevent roadway collisions involves providing lighting and
marking to improve visibility of the machine by other motorists and identifi-
cation as a slow-moving vehicle. Lighting and marking on tractors and self-
propelled machines can consist of headlights, amber flashing lights
(combination flashers and turn signals), and conspicuity tape (amber reflec-
tive strips) located on the front of the machine, and red taillights, amber
flashing lights, and conspicuity tape (fluorescent orange strips for daytime
visibility and red reflective strips) located on the rear of the machine. Trailing
machines pulled behind a tractor can have much or all of the same lighting
and marking, except for headlights. Newer tractors and machines have
extremity lighting and marking with flashers and conspicuity tape located to
mark the outer extremities of wide components.
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In the United States and Canada, a slow-moving vehicle (SMV) emblem is
located on the rear of vehicles normally traveling 25 mph or less on public
roads. The emblem is a standard triangular sign, 350 mm high, consisting of
a fluorescent orange triangle outlined with red reflective material. Other
countries have different markings for road travel. As tractors are manufac-
tured that exceed 25 mph, standards are being developed calling for addi-
tional markings to identify the additional speeds (7).

In the United States, state requirements for other lighting and markings are
variable and often lag well behind the state of the art. Most states require the
SMV emblem. During hours of darkness, some states require only two head-
lights and a single red taillight in addition to the SMV emblem. As ASAE
standards have evolved, manufacturers have provided increased lighting and
marking. In general, the older the machine, the less lighting and marking it
will have. Retrofitting is possible but not widespread. Lighting and marking
must be maintained, and it is not uncommon on older machines to see non-
operational lights or faded markings.

Compatibility of lighting systems between tractors and trailing machines
of different ages is a problem. In the mid-1970s, tractor manufacturers began
providing turn signals on their tractors along with a standard seven-pin con-
nector in the rear to activate lighting on trailed machines. Some trailing
machines, particularly those manufactured by tractor manufacturers, had
optional lighting packages, but these were not widely purchased. Conversely,
while these lighting packages became standard on trailing machines in the
1990s, many of these machines are pulled by older tractors that lack the req-
uisite seven-pin connector. Retrofitting of tractors and trailed machines is
possible but not widely done.

Human Factors

Manufacturers of tractors and self-propelled machines have devoted much
time to ergonomics and human factors in the design of operator stations,
including cabs, seats, and controls. Ingress and egress, seating, controls, noise,
and general operator comfort are some of the factors covered. Seat design
has evolved into seats with complex suspensions, some of which have com-
puterized active vibration cancellation to counteract movement by the trac-
tor and to maintain a steady ride for the operator. Controls are placed
logically and within easy reach, and colors and activation motions have been
standardized. Adjustments must meet a wide range of physically small and
large operators. Improvements in noise reduction inside cabs have brought
sound levels well below 80 dB, as compared with 100 dB that operators may
be exposed to on old tractors and below OSHA’s 90-dB, 8-hour permissible
exposure limit. Climate control, including dust filtration and air condition-
ing, is common in newer tractors with cabs. Other features like drink holders
and even coolers are being incorporated. To help fight fatigue and at the same
time improve accuracy, steering systems that follow existing rows or use
global positioning satellites (GPSs) are available that allow the operator to let
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the machine follow the row without constant close attention. As with all
other engineering improvements, the newer the machine, the more likely these
improved features will be found.

Other Machines and Systems

Engineering design and the incorporation of safety features goes beyond field
and farmstead machines. Engineering safety standards can be followed in the
design or installation of such machines and systems as crop handling and
processing equipment, livestock structures, livestock handling and related
equipment, crop storage structures, waste (manure) storage structures, irriga-
tion systems, ventilation systems, fencing, chemical containment, and others.
Since in the United States such standards are voluntary, following such stan-
dards is up to the designer, manufacturer, construction contractor, or
owner/operator of such systems (7).

Ergonomics

For many years quick-hitch attachments have been available from tractor
manufacturers to enable hitching of three-point-hitch mounted equipment
right from the tractor seat. After-market manufacturers have developed auto-
matic hitching systems for drawbar-attached machines that make up the
majority of machines pulled behind tractors. However, these systems still
require manual hookup of the PTO driveline and hydraulic couplers and are
not widely found on farms.

Engineering work is being conducted to investigate and improve
ergonomic conditions in agricultural tasks requiring hand labor, although
there is still a great deal of work to be done. Examples of work involving
crops include intensive movement and handling of plants at nurseries; pick-
ing, carrying, and loading of tree fruits; hand cultivating of field crops; and
harvest and handling of fresh-market berries and vegetables. Examples
involving livestock include feeding of calves, handling of cattle, and
improved lighting in dairy barns. In certain cases, specialized tools or prac-
tices have been developed to improve ergonomic conditions, although accept-
ance of these tools and practices will depend on such factors as cost,
compatibility with existing systems, and effect on productivity (11-15).
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Disability in Agriculture

WILLIAM E. FIELD AND PAUL JONES
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ment, assistive technology

There are few occupations in which the evidence of disabling injuries is more
apparent than agriculture. A casual assessment of any group of farm or
ranch workers will often detect missing digits and limbs, impaired mobility,
or a wide range of scars from accidents with both animals and machines. In
fact, the common name used for many years for the Dorrance hook, an upper
limb prosthetic device, was the farmer’s hook. Over a 25-year period in
Indiana beginning in the late 1940s, more than 100 farmers per year lost one
or more upper extremities due to entanglements in corn pickers. The wide-
spread prevalence of disability within the agricultural community has histor-
ically provided support for an unfounded assumption that since many in this
population of workers with disabilities continued to be productive, they
generally had few if any special needs. Consequently, many of the benefits
associated with recent advance in rehabilitation practices and assistive tech-
nology have been slow in being realized by many of these people.

Over the past two decades, momentum has grown for ensuring that the
rehabilitation needs of rural people, including farmers, ranchers, and agri-
cultural workers with serious disabilities, are being met at a comparable level
of enthusiasm, efficiency, expertise, and resources as is found in most urban
settings. The disparities, however, are still substantial, and there is still much
to be done to assist rural and agricultural communities in becoming more
inclusive and accommodating of those with disabilities.

Prevalence of Disability Within Agriculture

Even though considerable attention has been given to the size of the disabil-
ity community in the United States, few data sources definitively capture
either the prevalence or nature of disability, especially within rural areas.
There is also considerable ambiguity over the terminology used. One data
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source, for example, defines a disability as being off work for at least 1 day,
while other sources use vague terms such as “total” and “partial” to catego-
rize disability types. Terms such as “rural,” “farm,” and “agricultural work-
er” are also not uniformly defined. Consequently, estimating the prevalence
of disability within the agricultural work force becomes more of an art form
than a science.

Approximately 2.13 million farms and ranches in the United States are
responsible for the production of most of the food and fiber consumed and
utilized in the United States. These farms and ranches are primarily operat-
ed by families that consist of 3.12 million operators and 3.49 million opera-
tor household members, many of whom provide both paid and unpaid labor
to the operation. In addition, approximately 1.2 million hired agricultural
workers are employed in agricultural production on a full-time or seasonal
basis. This relatively small proportion of the population has a significant
responsibility given the dependency of the entire population on the agricul-
tural products they produce (1,2).

Farm-related injury data have shown that those engaged in agriculture-relat-
ed activities are especially susceptible to disabling injuries. The National Safety
Council has historically classified agriculture as one of the three most haz-
ardous occupations. If injuries involving children in the agricultural workplace
were included, agriculture’s injury rate would be even higher. Approximately
5% of nonfatal farm injuries that occur each year are severe enough to prevent
the farmer from continuing to farm due to a serious permanent disability.
Approximately 1300 individuals sustained such injuries in 2003. A greater,
though undocumented, number of farmers and ranchers continue to farm fol-
lowing a serious injury in spite of their inability to perform essential work-
related tasks due to a permanent disabling condition. Approximately 2% of the
full-time farm operators and workers who participated in the National Safety
Council’s multistate agricultural injury survey had suffered permanent
disabling injuries while performing farm-related work (3-5).

According to the United States Bureau of Labor Statistics, as reported by
the National Safety Council, for agriculture, fishing, and forestry (not includ-
ing logging), approximately 130,000 disabling injuries occurred per year in
2000 and 2001. Although frequently used to represent the number of dis-
abling farm-related injuries each year, the definition for disabling injury in
these reports included any workers requiring medical treatment or having lost
work for more than half a day. The National Institute for Occupational
Safety and Health (NIOSH) estimated that the rate of disabling injuries for
agricultural workers to be 500 per day and stated that approximately 5% of
these injuries result in permanent disability (2,5,6).

For example, farm-related amputations accounted for 2.6% of all reported
workplace amputations in 1999 and 11% of all serious farm-related injuries.
For the period 1992 to 1999, 344 farm-related amputations were reported per
year, which included only those documented by the state departments of
labor and reported to the Bureau of Labor Statistics (7,8).
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Farmers and agricultural workers are also disabled as the result of
non—farm-related or non-work-related injuries. Of the severely disabled
farmers and ranchers who contacted the Breaking New Ground Resource
Center at Purdue University over the period 1990 to 2000, motor vehicle and
recreational-related injuries each accounted for more disabilities than farm-
related mishaps.

In addition to disabilities caused by injuries, farmers, ranchers, and other
agricultural workers are also affected by health-related disabilities or a
combination of disabilities that restrict their ability to perform their jobs and
participate fully in daily living activities. A study of Indiana farm operators
completed at Purdue University in 1981 revealed that 66% were affected by at
least one physical impairment. Over 30% cited musculoskeletal impairments;
25% indicated hearing impairments; 24% cited cardiovascular impair-
ments; and 22% reported respiratory impairments. Over 17% responded that
there were work-related tasks on their farms that they were no longer able to
perform due to their disabilities, and over 19% said that they were hindered
or limited in their ability to perform necessary tasks. Nineteen percent also
stated that they required assistance from a neighbor, employee, or family
member to perform necessary tasks in their farm operations (9).

A comparison of general and farm population data concerning the nature
and scope of physical disabilities suggested that rural and farm populations
have a greater proportion of persons with disabilities. Early studies by the
National Center for Health Statistics reported that 16.4% of the farm popu-
lation had experienced some limitation of activity due to chronic conditions,
whereas only 10.5% of the total labor force encountered such problems. Back
problems were more prevalent among the farm population: 17.7 people per
1000 had displaced intervertebral disks compared to 13.5 people per 1000 for
the nonfarm population. The farm population was more severely plagued by
arthritis with 130.7 cases per 1000 as compared with 109.2 cases per 1000 for
nonfarm people. The Missouri Farmers and Arthritis Project confirmed the
earlier findings when it found that one third of farmers surveyed reported
that arthritis inhibits some of their activities, and one third said they had
reduced their physical level of labor due to arthritis. The Arthritis
Foundation-Indiana Chapter stated that farmers are at an increased risk for
arthritis-related disability and that the impact can be quite profound in
regard to reducing physical strength and ability to perform routine chores
(10-12).

Kirkhorn and Schenker (13) noted that the reporting system for occupa-
tional illnesses is still inadequate, which makes it almost impossible to accu-
rately track trends in chronic illnesses that are a consequence of agricultural
occupational exposure. Despite lower rates of smoking, farmers have an
increased prevalence of several acute or chronic respiratory diseases, and
there is increasing evidence that endotoxins, which are found in organic dusts
from both grain storage and confined animal feeding operations, are signifi-
cant contributors to these conditions (see Chapter 19). The authors reported
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that over 700,000 workers spent part of each day working in confined animal
feeding operations. The impact of long-term disability due to respiratory dis-
eases is largely undocumented within the agricultural work force, especially
with respect to the ability of those affected to continue engaging in produc-
tive agricultural work (13).

Apart from injuries and occupation-related diseases, many farm and rural
families are affected by congenital or birth defects at levels comparable to the
general populations. Farmers and ranchers are diagnosed with such diseases
as multiple sclerosis and retinitis pigmentosa, and thousands of rural chil-
dren are also born each year with developmental disabilities such as cerebral
palsy and Down syndrome.

Previous rough estimates of the total number of workers with disabilities
participating in agricultural work in the United States range from an unpub-
lished figure of 288,000 to 500,000 reported by the U.S. Department of
Agriculture’s AgrAbility Program. The U.S. Department of Agriculture
(USDA) also reported that over 13 million Americans living in rural areas
have chronic or permanent disabilities. These data are considered conser-
vative considering the increased risk of injury for those employed in
agriculture (14).

Using the most recent Census of Agriculture data (2002) and applying a
conservative value of 20% of the farm and ranch population having a dis-
ability that restricts daily living, it is currently estimated that approximately
1.36 million individuals who own, operate, live on, or work on United States
farms and ranches are impacted by disability (1,2,9).

Availability of Disability-Related Resources

Prior to the 1980s few published reports or resources were available to agri-
cultural workers or rehabilitation professionals for solving disability-related
problems within farm or ranch settings. The one well-documented exception
was the Vermont Farm Family and Rural Rehabilitation Program that was
established in 1967 as a cooperative effort between the Vermont Office of
Vocational Rehabilitation and the University of Vermont extension service.
Few forms of rehabilitation or assistive technology appropriate for farmers
or ranchers had been documented, and little effort had been made to define
the unique needs of individuals with severe disabilities who desired to remain
involved in production agriculture in spite of their limitations. Over the past
two decades, several initiatives were undertaken to address this void of
knowledge and skills within the field of vocational rehabilitation (15). These
initiatives included:

1. The establishment in 1979 of Purdue University’s Breaking New Ground
(BNG) Resource Center and Outreach Program and the subsequent
preparation of various resource materials including four editions of
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Agricultural Tools, Equipment, Machinery, and Buildings for Farmers and
Ranchers with Physical Disabilities. This program was initially supported
by Deere and Company and by the U.S. Department of Education’s
National Institute on Disability and Rehabilitation Research (16).

2. Technical material generated by the two international conferences in 1979
and 1982 on rural rehabilitation technologies hosted by the University of
North Dakota, Grand Forks. These were the first events that were designed
to focus attention on the unique assistive technology needs of rural resi-
dents with disabilities.

3. Service delivery experience gained by the FaARM Program in Iowa and the
Breaking New Ground Outreach program in Indiana, both established in
the mid-1980s. These programs used a community-based approach to the
delivery of rehabilitation technology services to rural and farm families
and became models for the establishment of the U.S. Department of
Agriculture’s AgrAbility Program (14).

4. The establishment in 1985 of the Rural Rehabilitation Research and
Training Center at the University of Montana, Missoula by the National
Institute for Disability and Rehabilitation Research. This center has pro-
vided researchers the opportunity to identify and respond to long-term
research priorities on issues related to rural rehabilitation.

5. The establishment of Life Essentials of Lafayette, Indiana, in the late
1980s. Life Essentials was one of the first manufacturers to design, fabri-
cate, and market assistive technology specifically for use by farmers and
ranchers with disabilities. One example is a tractor-mounted lift designed
to enable farmers with severe mobility impairments to gain access to the
operator’s seat.

6. Passage of the 1990 Farm Bill that established the USDA AgrAbility
Program. This program began providing funds through land grant univer-
sities to support technical assistance training and information dissemina-
tion activities for farmers and ranchers through agreements between the
Cooperative Extension Services in selected states and nonprofit disability
organizations such as Easter Seal affiliates and centers for independent liv-
ing. At present 24 funded projects serve farmers and ranchers with disabil-
ities in 26 states.

Barriers and Opportunities in Returning to Work

The most significant barriers that many individuals with disabilities face
when attempting to return to work in production agriculture are the attitudes
of those in their family and on the rehabilitation team. The general percep-
tion held by many rehabilitation professionals that there has to be something
easier, safer, and more profitable than farming or ranching has proven to be
a significant hurdle for many farmers and ranchers involved in the vocation-
al rehabilitation process. Family members may also discourage return to
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farming or ranching due to fear of another injury or the uncertainty of suc-
cess. On the other hand, a supportive family and rehabilitation team have
been shown to be important indicators of a successful transition back to
farming or ranching following a disabling injury or illness.

The economics associated with production agriculture has also proven to
be a critical factor in determining whether a person can successfully return
to the farm or ranch. If there is substantial long-term indebtedness, return-
ing to agriculture may be very difficult, especially if there are substantial
medical and rehabilitation expenses. A disproportionate number of farm and
ranch families are uninsured or underinsured, which can be catastrophic to
the business following a serious injury or disease, especially if the medical
bills become personal liabilities (9).

The lack of alternative employment opportunities in most rural communi-
ties often leaves the farmer or rancher with few choices concerning potential
career changes. Some have moved into related occupations following a dis-
ability that have allowed them to use their knowledge of agriculture to remain
employed. In some cases such career shifts have resulted in substantially bet-
ter income and health care benefits, which are especially important to a per-
son with a disability. The potential for succeeding in agricultural production
following the acquisition of a disability is extremely low if the individual was
not actively engaged in some agricultural enterprise prior to the disability.

In most cases, however, the message from the farmer or rancher following
a disabling injury or illness is clear: his or her goal is to return to the farm or
ranch and be productive. In some cases, work-site modifications are needed,
while in other cases individuals explore alternative agricultural enterprises
that better suit their limitations.

Other barriers regularly identified during the rehabilitation process
include:

1. Lack of local specialized health care and rehabilitation services

2. Limited educational opportunities that would provide alternative career
training

3. Nonexistent public or accessible transportation that allows independent
access to needed services

4. Lack of access to information on appropriate and affordable forms of
assistive technology that could be used to accommodate disability within
agricultural workplaces

Assistive Technology

Through the work over the past 25 years of the Breaking New Ground
Resource Center, a large database of information on assistive technology
appropriate for use in agricultural work sites has been developed. Portions of
the database have been made available in printed form and distributed to
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farmers, ranchers, and rehabilitation professionals throughout North
America. The most recent release is available in CD format and includes
extensive information on enhancing accessibility to agricultural work sites.
Figures 7.1 and 7.2 provide examples of the type of technologies included
in the database (16). Additional information on resources available on assis-
tive technology can be found at the Breaking New Ground Web site
(www.breakingnewground.org).

Secondary Injuries Associated with Disability

One of the most frequent concerns raised about the decision by a farmer or
rancher to return to work in agriculture following a disabling injury or illness
is the fear of additional or secondary injuries caused by physical limitations
associated with the disability. Individuals with considerable experience in
production agricultural prior to their disability are often encouraged by
physicians or rehabilitation professions to consider other safer or healthier
forms of employment. These fears, generally based on the perceptions of

FIGURE 7.1. Ventrac-powered mobility aid for users of wheelchairs wanting access to
rough terrain. Courtesy of Venture Products Inc., Orrville, Ohio.
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FIGURE 7.2. Modified hand tool for upper limb prosthetic user. Photo courtesy of
Texas Assistive Devices, LLC, Brazoria, Texas.

individuals not experienced with modern agricultural practices, have proven
to be significant and in most cases unnecessary barriers to individuals who
desire to return to doing what they know best and enjoy most. In reality, there
is little evidence to support excessive caution about returning to agriculture if
appropriate safeguards are taken (17).

Clay et al. (18), in their study of secondary injuries among Native
Americans, concluded that surprisingly little is known about the incidence or
prevalence of secondary disability in any population. A review of the litera-
ture identified only a handful of references to secondary injuries or the effect
that disability may have on the risk of farm- or ranch-related injuries.

Allen et al. (19), in their survey of farmers and ranchers with serious per-
manent disabilities, found that 81% reported that there were necessary work-
related tasks on their farms and ranches that they could no longer perform
or were seriously hindered from performing because of their disability. The
authors noted that as many as 25% of the participants believed that they had
experienced a secondary injury that they attributed to their disability. The
most frequently reported injuries were related to exposure to livestock and
falls. Of the reported injuries, 43% required medical attention. A high pro-
portion of the Allen study involved farmers and ranchers with spinal cord
injuries, a factor that was concluded to have contributed to the high incidence
of secondary injury.
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Gruver et al. (17), in a bulletin published by the Breaking New Ground
Resource Center at Purdue University, identified the following hazards asso-
ciated with farming with a disability:

1. Risks to caregivers, family members, and coworkers providing assistance
to the person with the disability. This included children asked to assist with
tasks that exceeded their maturity or physical strength.

2. Risks associated with farm equipment operation. Issues raised included
the increased potential of injury due to vision and hearing impairments
that may prevent an individual from recognizing the presence of hazards
or responding to them appropriately.

3. Risks related to the handling of livestock, which can be extremely large
and highly unpredictable. Workers with mobility impairments would
have more difficulty responding quickly and avoiding contact with unruly
animals.

4. Risks associated with fires in equipment and buildings. Several cases of
fires on self-propelled equipment have been documented that resulted in
injury to operators with impaired mobility.

5. Exposure to excessive vibration and motion that could lead to deterioration
of existing disabling conditions. This phenomenon has been documented in
cases where loss of feeling had occurred due to spinal cord injury.

6. Potential for falls when climbing with missing limbs or with impaired coor-
dination and balance.

7. Respiratory hazards that are nearly impossible to eliminate due to envi-
ronmental conditions and may result in more severe symptoms over time.

8. Added risk to some workers from temperature extremes that may not be
tolerated well. This includes risks to those with spinal cord injuries who
have lost some of their ability to regulate body temperature and to
amputees who have highly sensitive stumps.

9. Hazards associated with the use of assistive technology that may not be
designed or installed properly or may be unfamiliar to the user. Currently,
there is no process in place to test the safety or efficacy of assistive tech-
nology used by farmers or ranchers (17).

The potential for farm-related injuries is present for both the able-bodied
and workers with disabilities involved in agricultural production. There is evi-
dence to suggest that some disabling conditions may increase the risk of
injury if preventative steps are not taken. Anyone involved with assisting a
farmer’s or rancher’s efforts to return to work needs to understand both the
potential hazards that the worker may face and the influence of the disabling
conditions on safety and health. This is not, however, justification for dis-
couraging or prohibiting a person with a disability from pursuing a career in
agriculture. The use of more mechanized agricultural practices and the
incorporation of appropriate forms of assistive technology have enabled
thousands of individuals with severe disabilities to return to productive and
safe engagement in agriculture.
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Conclusion

As society, especially in rural communities, becomes increasingly inclusive
and access to technology becomes more affordable and reliable, the unique-
ness of seeing a person with a severe disability working in agricultural pro-
duction will likely disappear. Vigorous, labor intensive-tasks that a few
years ago required two strong arms and legs and a strong back are being
rapidly taken over by highly automated machines or replaced entirely by
changing agricultural practices, such as the introduction of new herbicides
to control weeds. Farmers with missing limbs are compensating with spe-
cialized devices that are finding their way into the toolboxes of able-bodied
farmers because they make tasks easier to accomplish for everyone.
Ranchers with spinal cord injuries are gaining access to and operating large
self-propelled pieces of agricultural equipment with the same ease they have
in accessing and operating their modified vans. The question is no longer,
“Is it possible?” but rather, “How much does it cost and when will it be
available?”

If the trend continues toward an increasingly older rural and farm popu-
lation, the issues of disability within this work force will become even more
significant. There will be a need for changes in public policy to ensure ade-
quate funding along with innovative ways to ensure that the rehabilitation
needs of this population are not neglected.
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Physical Monitoring

JAMES M. DANIELS
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This chapter focuses on Occupational Safety and Health Administration
(OSHA) regulations, physical examinations, hearing monitoring and protec-
tion, respiratory protection programs, and hazardous substance monitoring.

OSHA Regulations

The U.S. Occupational Safety and Health Act of 1970 requires private sector
employees to prepare and maintain records of work-related injuries and ill-
ness. Employers with 11 or more employees in the following industries must
keep records: agriculture, forestry, fishing, construction, manufacturing,
transportation, public utilities, and wholesale trade. Employers with 11 or
more workers also must maintain an OSHA 200 log and report all accidents
resulting in work-related death or 5 days of hospitalization or longer. In addi-
tion, employers are advised to follow general standards that include the eval-
uation and monitoring of physical hazards in the workplace. This require-
ment includes providing hazardous material training, establishing a respira-
tory protection program, and providing a hearing protection program (1,2).

The legislation that created OSHA applies to all eligible workplaces.
However, an agricultural worker may be employed by a large multinational
conglomerate that employs a staff of full-time professionals to administer
safety programs or by a small family-owned farm that is not bound by feder-
al OSHA regulations. Twenty-five U.S. states and territories operate their
own “OSHAs.” Employers in the following states and territories should con-
tact their local agencies for regulatory statutes: Alaska, Arizona, California,
Connecticut (covers state and local government employees only), Hawaii,
Indiana, Iowa, Kentucky, Maryland, Michigan, Minnesota, Nevada, New
Mexico, New York (covers state and local government employees only),
North Carolina, Oregon, Puerto Rico, South Carolina, Tennessee, Utah,
Vermont, Virginia, Virgin Islands, Washington, and Wyoming. Individuals
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who are self-employed or are not directly covered by these regulations should
still evaluate their work site for physical hazards.

Around the world, various countries have their own work injury reporting
and prevention programs. The strongest are in Europe and Japan. Lack of
consistency in rules and regulations between countries are a problem in com-
panies with operations in the new global economy.

Physical Examinations

Preplacement Physical Examinations

The basis of any physical hazards program is the preplacement evaluation. In
the 1980s, the American Disability Act described the rationale for preplace-
ment evaluations. They are meant to ascertain whether the worker has any
medical condition that might put the worker or someone else at risk for injury
in the workplace. To put it another way: Does the applicant meet the mini-
mum physical requirements for the job? In generating reports, physicians must
give to supervisors and managers only the work restrictions or accommoda-
tions to allow the prospective employee to complete his or her job safely.
Preplacement evaluations may be done by a physician, physician assistant,
or nurse practitioner. Evaluations can vary in price from around $30 (for a
review of a health questionnaire) to hundreds of dollars for an exhaustive
examination with testing. Most small businesses do not offer preplacement
evaluations, so the agricultural worker would be well served to discuss the
occupational hazards in their workplace with their physician (1).

Drivers’ Physical Examinations (DOT or DMV Physicals)

There are certain circumstances in which preplacement evaluations are man-
dated. The United States Department of Transportation (DOT) and various
state Departments of Motor Vehicles (DMVs) designate that workers who
operate a vehicle on a public highway are required to undergo a medical eval-
uation by a licensed health care professional if they drive any of the vehicle
types listed in Table 8.1. Many other countries have similar requirements (3).

Respiratory Examinations and Monitoring

Although respiratory protections is specifically covered by OSHA, the
United States Environmental Protection Agency (EPA) Worker Protection
Standard 40 USC part 170 states that workers should wear respiratory pro-
tection in certain agricultural areas. Federal Regulation 39 CFR 1910.134
requires employers to designate a program administrator to implement a res-
piratory protection program. This requires workers to complete an OSHA
respirator medical evaluation questionnaire and have this reviewed by a
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TABLE 8.1. Criteria to decide if drivers must have physical examinations (must meet

only one).

If the vehicle:

1. Has a gross vehicle weight rating or gross combination weight rating, gross vehicle weight,
or gross combination weight, of 4537 kg (10,001 1b) or more, whichever is greater

2. Is designed or used to transport more than eight passengers (including the driver) for
compensation

3. Is designed or used to transport more than 15 passengers (including the driver) and is not
used to transport passengers for compensation

4. Is used in transporting material found by the Secretary of Transportation to be hazardous
under 49 USC 5103 and transported in a quantity requiring placarding under regulations
prescribed by the Secretary under 49 CFR, subtitle B, Chapter 1, subchapter C

Data from Hartenbaum (3).

qualified health care worker. Depending on the circumstances, the worker
may be required to undergo a complete physical examination and, if indi-
cated by circumstances, pulmonary function test, tuberculosis testing, and
chest x-ray (4).

Hazardous Chemicals Worker Monitoring

Workers exposed to certain hazardous chemicals (a list can be found in the
Federal Regulation CFR, part 1910, subpart z. 29 CFR 1910 or by con-
tacting local or federal agencies as outlined above) must undergo preplace-
ment screening, ongoing evaluations, and an exit evaluation when leaving
employment by transfer, retirement, or termination. The examination must
be completed by a licensed physician and includes a medical history and
physical examination of the patient and may include other laboratory test-
ing (Table 8.2).

If a formal medical surveillance program is implemented, some thought
must be given to this process, as once a program is started, employees may
question the circumstances if it is somehow discontinued or changed. Most
primary care physicians are more than willing to assist in starting a medical

TABLE 8.2. Resources.

American Conference of Governmental Industrial Hygienists, 1330 Kemper Meadow Drive,
Cincinnati, Ohio 45240; phone (513) 742-2020; Web site: www.acgih.org

NIOSH (National Institute for Occupational Safety and Health), Building 1, Room 3007,
D-35; Center for Disease Control, Atlanta, Georgia 30333; phone (404) 639-3061; Web site:
www.cdc.gov/niosh/homepage

Occupational Safety and Health Administration Department of Labor, 200 Constitution
Avenue NW, Washington, DC 20210; phone (202) 523-8151; Web site: www.osha.gov

National Agriculture Safety Data Base, Web site: www.cdc.gov/nasd

American College of Occupational and Environmental Medicine, Web site: www.acoem.org
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monitoring program. Local hospitals and health departments may have occu-
pational nurses, audiologists, and industrial hygienists to assist with this
process.

Hearing Conservation Programs

A complete hearing conservation program can be divided into four parts:
(1) noise monitoring, (2) audiometric testing, (3) hearing protection devices,
and (4) employee training.

Noise Monitoring

The program starts with workplace noise monitoring. To do this a sound
dosimeter can be purchased fairly inexpensively. Local health departments,
hospital occupational health programs, or industrial hygienists can also be
consulted to complete workplace sound monitoring. Sound monitoring must
be repeated whenever there is a change in the production process, and the
employees must all be informed of the results.

Audiometric Testing

A baseline audiogram needs to be obtained on every worker exposed to an
85-dB time-weighted average or greater. Employees must be tested within 6
months of hire and then at least annually thereafter. Testing procedures must
meet OSHA standards, and the test must include frequencies in the 500-,
1000-, 2000-, 3000-, 4000-, and 6000-Hz range. (The 8000-Hz range must be
added in Kentucky and certain countries in Europe.) The standard requires
audiometry analysis and follow up with the program manager (an audiologist
or nurse), who must review the audiograms and determine if there is a need
for further evaluation (5).

If there is an average change of 10 dB or more from baseline audiogram
test at 2000, 3000, or 4000 Hz, it is considered a standard threshold shift. The
law requires that the employee be counseled within 21 days of this determi-
nation. If the employee is currently wearing a hearing protector that does not
offer adequate protection, then a different device should be used. The hear-
ing protection device fit should be checked. Appropriate records of follow-up
and testing should be retained, and it is the employer’s responsibility to pay
for the testing and equipment.

Hearing Protection Devices

Hearing protection devices must be made available to all employees exposed
to 85-dB time-weighted average or greater. The employee must have the
opportunity to select hearing protectors from a variety of suitable subtypes.
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Suitable variety is usually considered to be one earplug type and one muff
type. The employee must receive training on the care and the use of the hear-
ing protectors (see Chapter 35).

Employee Training

Employees exposed to 85-dB time-weighted average must receive annual
training on hearing conservation. The following topics must be covered dur-
ing this training program: effects of noise on hearing; the purpose of hear-
ing protectors; the advantages and disadvantages of various types of hearing
protection; instruction on hearing protection selection, fitting, use, and care;
and the purpose of audiometric testing (see Chapter 5) (6).

Hearing protection is only a small part of an overall conservation program.
Loud noises in the workplace should be engineered out. Worker noise expo-
sure can easily be decreased by a simple rotation of jobs. The use of mufflers
on equipment and even moving farm equipment away from shops are simple
but effective ways to accomplish this. Agricultural workers are exposed to
noise not only at work, but also recreationally by hunting, trapshooting, or
snowmobiling, or by the use of a chainsaw (see Chapter 35, Table 35.1) (1,2).

Respiratory Protection Program

The EPA worker protection standards (40 USC Part 170) cover the respira-
tory protection regulations in the agricultural industry. The program requires
at minimum that workers complete an OSHA Respirator Medical Evaluation
Questionnaire, which can be found at the OSHA Web site.

The United States National Institute of Occupational Safety and Health
(NIOSH) recommends that an industrial hygienist should be consulted dur-
ing any production process when respirators are considered. General engi-
neering standards are the best way to take care of respiratory problems (4).

In general, whenever there is enough particulate matter in the air that the
worker’s view is obstructed, it is probably a good idea to consider the use of
either an engineering practice to cut down on the amount of particulate mat-
ter or a respirator. Chapter 6 prescribes general parameters for the types of
respirators required for certain environments. Since regulations create nine
classes for particulate filters, the original NIOSH decision logic must be sup-
plemented with an algorithm for selecting the correct particulate filter. The
ultimate responsibility for determining the employee’s ability to wear a respi-
rator lies with the employer.

If a respirator is needed in the workplace, the employer is required to pro-
duce a written respiratory protection program. This program must be admin-
istered by a suitably trained program administrator or it may be outsourced.
Small company compliance guidelines are available from OSHA by accessing
their Web site. The employer must include the following:
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. Procedures for selecting respirators

. Medical evaluation of workers required to use respirators

. Fit-testing procedures for tight-fitting respirators

. Respirator use procedures for both routine and foreseeable emergency

activities

5. Respirator maintenance procedures and schedules (cleaning, disinfecting,
storage, repair, and discarding)

6. Procedures for ensuring the adequacy of air quality, quantity, and flow
for atmosphere-supplying respirators

7. Training for employees regarding the respiratory hazards in the workplace

8. Training for employees on the limitations of the assigned respirator and
its proper fit, use, and maintenance

9. Procedures for evaluating the effectiveness of the company’s respiratory

protection program.

DW=

Employees must be trained in the use, maintenance, and care of the respi-
rator. The cleaning procedure should only be done for reusable respirators.
There are some respirators that are one-use, throwaways that should not be
reused.

Hazardous Substance Monitoring

In agriculture many workers are exposed to hazardous substances on a daily
basis. In addition to this, the best way to protect against any type of haz-
ardous substances is with the proper protective gear. This could include
gloves, coveralls, etc. It is important, however, that the equipment and cloth-
ing be cared for properly; otherwise they may cause cross-contamination
affecting other workers or the worker’s family. The proper laundering of
work clothing can greatly reduce exposure of toxic chemicals.

The first step in worker protection is compliance with applicable local and
national laws and regulations. The employers must obtain a Material Safety
Data Sheet (MSDS) for any substance that is used in the workplace. It can be
obtained from the manufacturers of the substance and should be available to
workers for their review. The MSDSs give detailed information about the tox-
icity of the product and the proper precautions that must be taken while
using the substances. If the substance lacks a specific OSHA standard expo-
sure guideline, the one proposed by the American Conference of
Governmental Industrial Hygienists should be met.

Implementing a Medical Surveillance Program

Once a decision has been made to develop a medical surveillance program,
its components must be organized. A physician must be selected and employ-
ees must be informed of the program. The surveillance program must be
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provided at no cost to the employee, including proper equipment. Some haz-
ardous substances have specific OSHA standards. One example would be cot-
ton dust, often used as a standard for other harmful dust exposures (CFR
Part 191R, part Z). Medical surveillance physicals must be conducted by a
licensed physician. The health care provider must be given the employee’s job
description, what type of personal protective equipment is to be used, chem-
ical exposures on the job including exposure levels for each substance, the
MSDS, and ergonomic exposures to the job. The examination, depending on
the substance involved, may also include x-rays, pulmonary testing, blood
tests, and even cardiac testing.

Conclusion

This chapter consolidates a compliance strategy for the main physical haz-
ards of the workplace. One should not forget, however, that the main reason
for implementing such programs should not be to avoid fines, but to safe-
guard workers, some of whom may be friends or family members.
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Biological Monitoring

JAMES B. BECKER AND JAMES E. LESSENGER

Key words: cholinesterase testing, organophosphates, carbamates, lead

Within agriculture there are two principal substances for which biological mon-
itoring are effective: cholinesterase and lead. Biological testing is the monitoring
of the body’s physiology to detect early changes so that corrective action such
as removal from exposure and safety training can be implemented. Respiratory
monitoring is discussed in Chapter 19, and hearing monitoring is discussed in
Chapter 35. Reproductive function monitoring such as sperm counts, are per-
formed in certain chemical formulation processes, but not in agriculture.

Cholinesterase Testing

Thousands of tons of acetylcholinesterase-inhibiting carbamate and
organophosphate pesticides are used throughout the world for agricultural
applications as insecticides, acaricides, aphicides, larvicides, and nematocides.
Several are used as herbicides (see Chapters 13 and 16).

The direct measurement of carbamate (CM) or organophosphate (OP)
pesticide levels in the blood or urine is cumbersome, time consuming, and
expensive. Each pesticide requires a separate assay, and the serum level of the
chemical might not be directly related to the degree of enzyme poisoning. In
some parts of the world, it may take weeks for laboratory results to be
returned. Even in witnessed exposures, blood chemical levels may be too low
for detection. In addition, self-reported symptoms are inconsistent, vague,
and unreliable. Cholinesterase activity testing has the advantage of measur-
ing the degree of physiological response of the neuromuscular junction in a
quantifiable manner (1).

Physiology

Acetylcholinesterase (AChE) inhibitors act on the enzyme AChE, which
deactivates acetylcholine at the neuromuscular junction. The system also

88
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includes butyrylcholinesterase (BChE), which inactivates butyrylcholine in
plasma. For purposes of this chapter, AChE and BChE are considered
together and referred to as AChE (2).

Acetylcholine transmits electrochemical impulses across neuronal synapses
and neuromuscular junctions and is hydrolyzed by the action of the enzyme
acetylcholinesterase. The toxic effects of CM and OP agents result from their
ability to inhibit the catalytic activity of AChE in the nervous system by
forming covalent bonds to acetylcholine receptors and preventing hydrolysis
of acetylcholine by the enzyme (2,3).

The complexes formed between these poisons and the enzymes are
hydrolyzed slowly in the case of the carbamoylated enzymes (deactivated by
carbamates) or not at all with some phosphorylated enzymes (deactivated
by organophosphates), thereby prolonging the action of acetylcholine. Enzyme
activity returns only after a period of days or weeks, when new AChE mole-
cules are synthesized.

Acetylcholinesterase activity depression is dose dependent, and there are
differences in rates of inactivation and recovery between the plasma and red
blood cell (RBC) enzymes (2).

Genetic influences not related to gender, race, or age account for a 23%
variation in AChE activity levels among humans. Two types of AChE recep-
tors exist: nicotinic, which are excitatory, and muscarinic, which produce
either an excitatory or inhibitory postsynaptic potential.

The 23% variation of AChE activity levels among humans mandates that
a baseline be obtained before OP or CM exposure and ongoing AChE test-
ing. AChE activity levels can also be affected by cocaine, pharmaceuticals,
and illness (2-4).

Laboratory Methods

Six methods of determining AChE activity have been developed; of these
the electrometric method, which measures a pH change, and the colorimet-
ric method are most often used. Both methods are effective for serum and
erythrocyte testing and are relatively simple, inexpensive, and reproducible.
The methods are highly dependent on skill, and their reporting units are not
standardized between kits, so that a testing program should select one kit
and continue using it. A field testing kit has been tested and released on the
market (3,5).

The Testing Process
When evaluating AChE tests clinically, three factors must be kept in mind:

1. Anticholinesterase agents depress AChE levels.

2. Baseline levels may vary 23% among individuals.

3. The testing results can be affected by extraneous health problems, medica-
tions, and illegal drugs.
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It is common for consultants to encounter patients who have been diag-
nosed with pesticide poisoning and removed from duty for extended periods
of time as a result of elevated AChE levels. It must be kept in mind that
organophosphates and carbamates depress AChE activity levels, and the tests
measure an enzyme activity and not the concentration of a chemical (5,6).

Any monitoring program that does not take into consideration the genetic
variation in AChE levels is invalid. Because of the 23% variation, there is a
wide range of “normal.” If AChE levels are determined only after an alleged
exposure, the possibility of low but normal AChE activity levels could lead
to a false-positive finding.

Acetylcholinesterase activity levels are affected by illness, medications, and
illegal drugs. Hepatorenal and neuromuscular diseases, wasting, and alco-
holism can affect the levels by altering AChE metabolism. Medications, espe-
cially those affecting the neuromuscular junction such as physostigmine and
Aricept, can alter the activity levels; cocaine can alter levels (5).

There are two modes in which AChE testing is utilized: preexposure test-
ing and monitoring and exposure testing.

Preexposure Testing

Beginning in 1974, California has required the testing of pesticide applicators,
mixer-loaders, flagmen, maintenance personnel, supervisors, and others who
come in daily contact with class I or IT OPs and CMs. The program includes
criteria for testing, testing protocols, and actions to be taken given various lev-
els of AChE activity depression. These are summarized in Table 9.1 (7-9).

TABLE 9.1. The California cholinesterase monitoring protocol baseline.

Indication: if an employee is handling class I or II organophosphate or carbamate pesticides
more than 6 days in a 30-day period.

Testing: average of two tests not closer than 3 days and not further apart than 15 days from
each other. If the tests are not within 15% of each other, a third test is performed and the
two closest to each other are averaged.

Periodic testing
Timing: if spraying 6 days in a 30-day period

Three tests at 30-day intervals
Then testing at 60-day intervals
More often as determined by the medical supervisor if the values are inconsistent or low
or if the employee has been involved in an exposure.
Action: plasma or RBC activity levels falls to 80% of baseline: report to employer advising
an investigation into the work practices of the handler.
Plasma falls to 60% of baseline or RBC falls to 70% of baseline: remove employee from
exposure.
Employee must remain away from exposure but may work at another job task not requiring
exposure until both the serum and RBC cholinesterase activity levels return to 80% of
baseline.

Source: Adapted from the California Environmental Protection Agency guidelines (7).



9. Biological Monitoring 91

Participants in the program include:

1. Employers who select the employees who need to be tested and send them
to the clinic

2. Employees who are tested and often miss their appointments

3. Physicians who interpret the tests and send the results and recommenda-
tions to the employer

4. County agricultural officials who monitor the employers for compliance

5. State researchers who monitor the program for effectiveness

Surveys have demonstrated that most monitoring is done incorrectly. Ames
and Associates (7) have found four categories of problems with AChE mon-
itoring:

1. Employers fail to refer employees for baseline measurements and monitor-
ing.

2. Laboratories use the wrong methods or fail to conduct the tests appropri-
ately.

3. Physicians fail to interpret test results properly and to make the appropri-
ate recommendations.

4. There are insufficient numbers of county employees to monitor the
employers effectively.

5. The state is unable to monitor physicians because training and certification
is not required.

Proposed solutions include employer and physicians training, physician
training, and the standardization of laboratory kits and procedures (7).

Exposure Testing

Acetylcholinesterase testing is beneficial only for carbamate and organophos-
phate poisoning, and these agents comprise the minority of compounds used as
pesticides. He and Associates (10), writing in China, found the problem of
incorrect diagnosis of carbamate and organophosphate poisoning based on low
but normal AChE levels measured in cholinesterase testing. Several patients
died as a result of injudicious use of atropine (a cholinergic antagonist) as
treatment for poisoning with pyrethroids, which have no effect on AChE levels.

Currently two testing procedures are used to document carbamate or
organophosphate exposure and recovery: testing for exposure with ongoing
monitoring and testing without ongoing monitoring (5,11).

Ongoing Monitoring

A dip in AChE activity levels is expected in a person who is subject to ongo-
ing monitoring and who has been exposed to carbamate or organophosphate
pesticides. Because the patient may not be symptomatic, the decrease in
AChE monitoring levels may be the only finding. A dip of greater than 20%
is considered evidence of overexposure.
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Without Monitoring

Workers might be exposed to a substantial amount of an organophosphate
or carbamate and have immediate signs and symptoms of poisoning.
Depression of AChE values can be variable and might not correspond to the
severity of the clinical findings. The decision to treat should be based on clin-
ical, not laboratory, considerations (5,11).

In Japan more than 600 persons were treated for sarin poisoning caused
by terrorists. The decision to treat was based on clinical findings.
Acetylcholinesterase testing was useful in follow-up of the exposed persons,
and it took up to 3 months before levels stabilized at presumably normal
levels (12).

In patients with documented carbamate or organophosphate poisoning
and with depressed or normal AChE levels, overexposure can be reflected
in a 20% increase after the exposure, representing recovery of the activity
levels. Plasma levels can be expected to increase first, followed by the RBC
levels (1).

Lead Testing

Though the consequences of lead exposure in the occupational setting and in
pediatric preventive health have been extensively reported, the issue of agri-
cultural exposure to lead has likely been underappreciated. Lead exposure on
farms has been recognized for decades, but few scientific studies have focused
on this health risk factor (see Chapter 23).

Occupational exposures have been attributed to work in smelters and with
paint, storage batteries, pigments, solder, ammunition, and gasoline addi-
tives. Greater than 100 occupational activities and job titles have been asso-
ciated with risk of lead exposure.

Agricultural activities can include many of the same lead exposure scenar-
ios. Farm equipment maintenance may involve exposure because of lead-
based paint on older equipment. Many farmers perform cutting, welding,
soldering, and brazing without the benefit of personal protective equipment
or even minimal environmental controls. In some farm settings, water systems
are soldered with lead-based solder, which may leach into water supplies.
Older buildings may contain lead-based paint. Melting of lead to produce
weights, sinkers, and ammunition can pose a threat of lead exposure. Despite
the potential risks, family farms and most agricultural activities are not sub-
ject to monitoring. Table 9.2 provides a summary of United States regula-
tions and standards for lead.

Farm environments can expose certain at-risk populations, including preg-
nant women and children, to higher-than-acceptable lead concentrations.
A report by the Institute of Medicine described a “glaring and significant gap
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TABLE 9.2. Summary of standards and regulations for lead.

Agency Media Level Comments
Centers for Disease ~ Blood 10 pug/dL Advisory; level of concern for
Control and children
Prevention
Occupational Safety  Blood 40 pg/dL Regulation; cause for written
and Health notification and medical exam
Administration
50 ug/dL Regulation; cause for medical
removal from exposure
Air (workplace) 50 pg/m? Regulation; permissible exposure

limit (8-hr average)
(general industry)

30 ug/m? Regulation; action level
National Institute Air (workplace) 50 pg/m? Advisory; recommended exposure
for Occupational limit (nonenforceable)
Safety and Health
100 mg/m? Advisory; immediately dangerous
to life and health
American Air (workplace) 150 pg/m? TLV/TWA guideline for lead
Conference of arsenate
Governmental 50 pg lead/m® TLV/TWA guideline for other
Industrial forms of lead
Hygienists Blood 30 ug/dL Advisory; biological exposure index
U.S. Environmental  Air (ambient) 1.5 ug/m? Regulation; National Ambient
Protection Air Quality Standard; 3-month
Agency average
Soil (residential) 400 mg/kg Soil screening guidance
Water (drinking) 15 pg/L Action level for public supplies
0 ug/L Nonenforceable goal; maximum
contaminant level goal
Food and Drug Food Various Action levels for various foods;
Administration example: lead-soldered food
cans now banned
Consumer Product Paint 600 ppm Regulation; by dry weight
Safety Commission (0.06%)

TLV/TWA, threshold limit value/time-weighted average; ppm: parts per million.
Source: Data from Center for Disease Control and Prevention, Agency for Toxic Substances and
Disease Registry (13).

in the scientific literature” for research on health hazards to the children of
migrant workers (14,15).

The clinical risks associated with lead have been abundantly documented.
Low-level exposures in pediatric populations have been associated with
abnormalities of neural development, cognitive development, and behavior.
Chronic low-level exposure in adults has recently been associated with all-
cause mortality (16,17).
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Physiology of Lead

Lead is absorbed through both the lungs and the gastrointestinal tract. When
it enters the systemic circulation, it is bound to erythrocytes (99%). Three
compartments comprise the lead body burden:

1. The blood and other rapidly exchanging tissues
2. The soft tissues
3. Bone, which stores 90% of the body burden and has a half-life of 20 years

(18)

Lead is excreted primarily through the kidneys (75%) but can also be iden-
tified in bile, sweat, hair, and nails. Table 9.2 summarizes the lowest observ-
able effects of inorganic lead in pediatric and adult populations (19).

Biological Monitoring
Biological monitoring of lead exposure is performed utilizing three types of tests:

1. Direct measurements of lead concentration in tissues (blood, hair, bone)

2. Urine test following the administration of a chelating agent

3. Screening for early biological effects of lead exposure as reflected in changes
in hemoglobin, free erythrocyte protoporphyrin, zinc protoporphyrin,
basophilic stippling, or measurement of porphyrins in the urine (18)

Lead Concentration Monitoring

Periodic measurement of the blood lead level forms the cornerstone of bio-
logical monitoring of lead-exposed workers. Measurements are quickly and
reliably performed using atomic absorption techniques. Blood lead concen-
tration is the best available indicator of current lead exposure.

It has been estimated that with an exposure level of 1 pg lead/m?3 in air, an
increase of 1 to 2 pug lead/100 g whole blood will occur. Blood lead does not
correlate well with body burden of lead. In experiments with increasing
dietary lead in volunteers it has been shown that a plateau of the blood level
is reached while body burden continues to increase (18,19).

Lead in urine reflects lead recently absorbed. Urine levels usually average
50 ug/g creatinine for a blood lead level of 40 ng/100 g whole blood.

Because lead excretion varies from one individual to another, and recog-
nizing the low correlation between levels of lead in blood and urine, most
authors agree that urine lead levels should not be used for the routine assess-
ment of exposure.

Urine lead levels can be measured following administration of a single
dose of chelating agent (usually 1 g of ethylenediaminetetraacetic acid,
EDTA). This testing can be used to confirm past exposure in individuals who
are not currently exposed to the metal. An excretion of lead exceeding 600
ng/24 h after EDTA administration in currently unexposed individuals sug-
gests increased body burden (18,19).
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Biological Effects Monitoring

Zinc protoporphyrin (ZPP) and free erythrocyte protoporphyrin are the most
commonly performed assessments of lead-related biochemical effects.
Determinations of these levels are recommended for screening purposes. Zinc
protoporphyrin levels can be conveniently tested with a hematofluorometer,
still found in use in some rural clinics. Most commercial laboratories perform
both blood lead and ZPP on all samples submitted for screening.

Zinc protoporphyrin levels are typically less than 40 pug/100 mL whole
blood. Biological exposure indices are indicated above 100 ug ZPP/100 mL
blood. Elevated ZPP levels must be confirmed and correlated with lead lev-
els, which are a more specific indictor of lead exposure (18-20).

Management of Lead Exposure in Agriculture

Under the U.S. Occupational Safety and Hazard Administration (OSHA)
Lead Standard, medical surveillance is required if workplace lead levels
exceed 30 pg/m? for more than 30 days per year. Many farm environments are
exempt from OSHA oversight; however, the strategy for biological monitor-
ing is still broadly applicable though it may not be mandatory (21).

For workers in environments exceeding the action level (30 pg/m? for 30
days per year) the OSHA standard recommendations are given in Table 9.3.
The World Health Organization (WHO) in 1980 specified a time weighted

TABLE 9.3. Duty action levels in lead monitoring.

For workers in environments exceeding the action level (30 pg/m? for 30 days per year) the U.S.
OSHA Standard recommends:

1. Blood lead levels:
a. Every 6 months if the level is less than 40 pg/dL
b. Every 2 months if the level is less than 40 pg/dL, until two consecutive levels are found to
be <40 ug/dL
c. Monthly in workers removed from exposure
2. Medical examinations:
a. Yearly for any exposed worker if the blood lead level has exceeded 40 pg/dL
b. Prior to assignment to a work area in which the action level has been exceeded
c. If signs or symptoms of possible lead intoxication develop (see Chapter 17)
3. Removal from exposure of:
a. Workers whose lead levels exceeds 60 ug/dL, unless the last lead level tested was under
40 ng/dL
b. Workers whose last three lead levels exceeded 50 pg/dL
c. Workers judged to be at increased risk of impairment of health from exposure to lead
such as during pregnancy and lactation
4. Return to duty:
a. A worker who has been removed from exposure because of elevated lead level may be
returned to work if two consecutive lead levels measure <40 pg/dL

Source: Data from National Institute for Occupational Safety and Health (21), Occupational
Safety and Health Administration (22).



96 J.B. Becker and J.E. Lessenger

action blood lead level (TWL) for removal from duty of 40 ug/dL in the
general population and a level of 30 pug/dL in women of childbearing age.
Baseline blood levels (nonanthropogenic or causing changes in the body)
are 10 to 30 pg/dL based on the observation that normal life in an indus-
trialized city will produce levels in that range. Above 30 pg/dL is considered
toxic (21-24).

Where required, medical examinations include a detailed work history
(with special attention to all toxic exposure potential), medical history, and a
thorough medical examination, with special attention to the neurological sys-
tem, kidneys, teeth, gums, blood, blood pressure, heart, gastrointestinal sys-
tem, lungs, and fingernails (looking for Mees lines) (21-24).

Germany, Canada, Australia, and Switzerland have each developed lead
standards for their general populations. In addition, many states within the
United States and provinces within Canada have elected to implement their
own guidelines (23,24).
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Drug Programs and Testing

JAMES E. LESSENGER

Key words: intoxication, withdrawal, addiction, drug testing, substance abuse

In the United States and many Western countries, drug testing and drug
programs have become necessary to control drug use in agriculture and
decrease accompanying injuries and illnesses. As drug use spreads and
more countries add mechanization to agriculture, more drug programs will
be necessary.

Drug abuse has become an endemic in all phases of agriculture as in
other industries. Research by the United States Substance Abuse and
Mental Health Services Administration (SAMHSA) reveals that substance
use or dependence among full-time workers aged 18 to 49 in 2000 was
8.1% for alcohol use and 7.8% for illicit drug use. The most recent data
indicated that 19.7% of farm workers had used illicit drugs in the year
prior to the study. This figure had increased from 10.8% from the previous
year (1,2).

Workplace drug use and intoxication has been demonstrated to decrease
productivity and increase absenteeism and injuries. Studies performed by the
United States Postal Service demonstrated that positive preemployment
screens for marijuana and cocaine were associated with increased adverse
employment outcomes such as accidents, injuries, and employee behavior dis-
cipline. A study performed in a major teaching hospital documented that, as
a consequence of preemployment drug testing, the incidence of drug use
declines and that drug screening can serve as a deterrent for drug-using per-
sons in applying for employment (3,4).

Studies comparing two manufacturing plants, one that did preemployment
drug testing and another that didn’t, demonstrated a decreased rate of
employee turnover, accidents, and unauthorized absence in the company that
did preemployment drug testing (5).

98
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Basics of Drug Abuse
Addiction and Abuse

The term chemical dependency is often used synonymously with terms such as
addiction, drug dependence, alcoholism, polysubstance abuse, substance abuse,
substance dependence, and drug abuse. Seymour and Smith (6) provide what
is probably the best definition of chemical dependency: “Addictive disease is
a pathological state with characteristic signs and symptoms as well as a pre-
dictable outcome if not treated. Dependency is characterized by a compulsive
desire for the drug, loss of control when exposed to the drug, and continued
use in spite of adverse consequences” (Table 10.1).

The Diagnostic and Statistical Manual of Mental Disorders (7) defines sub-
stance abuse as a maladaptive pattern of substance use. One of the criteria
listed for the diagnosis of substance abuse is a failure to fulfill the major role
obligations of work as well as other social situations (Table 10.2).

Abused Drugs

Drugs of addiction are a complicated group of stimulants, depressants, hal-
lucinogenic substances, and sedative-hypnotics (Tables 10.3 to 10.6). These
substances can be taken orally, by nasal insufflation (snorting), placed rec-
tally, inhaled, injected under the skin (skin popping), injected in mucous
membranes, injected intravenously (mainlining), or applied by a skin patch as

TABLE 10.1. Criteria for substance dependence (DSM 1V).

A maladaptive pattern of substance use, leading to clinically significant impairment or distress,
as manifested by three or more of the following, occurring at any time in the same
12-month period:

—_

. Tolerance, as defined by either of the following:
a. A need for markedly increased amounts of the substance to achieve intoxication or
desired effect
b. Markedly diminished effect with continued use of the same amount of the substance
2. Withdrawal, as manifested by either of the following:
a. The characteristic withdrawal syndrome for the substance
b. The same or closely related substance is taken to relieve or avoid withdrawal symptoms
3. The substance is often taken in larger amounts or over a longer period than was intended
4. There is a persistent desire or unsuccessful effort to cut down or control substance use
5. A great deal of time is spent in activities necessary to obtain the substance, use the
substance, or recover from its effects
6. Important social, occupational, or recreational activities are given up or reduced because of
substance use
7. The substance use is continued despite knowledge of having a persistent or recurrent
physical or psychological problem that is likely to have been caused or exacerbated by the
substance

Source: Data from American Psychiatric Association (7).
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TABLE 10.2. Criteria for substance abuse (DSM-1V).

A maladaptive pattern of substance use leading to clinically significant impairment or distress,
as manifested by one (or more) of the following, occurring within a 12-month period:

1. Recurrent use resulting in a failure to fulfill major role obligations at work, school, or home

2. Recurrent substance use in situations in which it is physically hazardous

3. Recurrent substance-related legal problems

4. Continued substance use despite having persistent or recurrent social or interpersonal
problems caused or exacerbated by the consequences of the substance

Source: Data from American Psychiatric Association (7).

in the case of Fentanyl addiction. Several substances, such as the opiates and
methamphetamines, have medical uses so that any drug testing program must
allow for a review to determine if the substance is being taken legally. Some
substances, such as PCP, once had a legal use in the United States and are still
used in some countries. Legality of the substances varies by country; for
example, heroin, illegal in the United States, is used as an analgesic in treat-
ment of cancer in Great Britain and other countries (8,9).

Usage Patterns

There are four common usage patterns of illicit drug use: experimental, recre-
ational, circumstantial, and compulsive. Experimental use involves short-term
trials of drugs motivated by curiosity and is common among teenagers, young
adults, and others naive about the effects of the drugs (8,9,11).

Recreational drug users use drugs in social settings with friends or
acquaintances who desire to share the experience. Use is patterned and vol-
untary depending on the social situation, and the impact on the workplace
may vary by its use. For example, an after-work drink may be acceptable for
relaxation and socialization, but drinks taken during the lunch break by
mechanized combine drivers who are harvesting wheat may be deadly. Any
alcohol use in workers who apply the growth regulator hydrogen cyanamide
is dangerous because it triggers a potentially fatal Antabuse reaction (see
Chapters 13 and 15) (10).

TABLE 10.3. Stimulants.

Example Intoxication Withdrawal Overdose
Cocaine Increased alertness Apathy Agitation
Methamphetamines Excitation Hypersomnia Hyperpyrexia
Amphetamines Euphoria Irritability Hallucinations
Nicotine Tachycardia Depression Seizures
Caffeine Hypertension Disorientation Death
Ephedrine Insomnia

Anorexia

Paranoia

Source: Data from Graham and Schultz (8), Lowinson et al. (9), and Coleman and Kay (10).
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Examples Intoxication Withdrawal Overdose
Heroin Euphoria Watery eyes Slow breathing
Morphine Drowsiness Rhinorrhea Shock
Opium Respiratory depression Yawning Seizures
Codeine Constricted pupils Irritability Coma
Methadone Nausea Tremor

Propoxyphene Anxiety

Talwin Muscle cramps

Dilaudid Chills

Percodan Diaphoresis

Fentanyl Picking at skin

Tramadol Piloerection

Oxycodone (cold turkey)

Demerol

Butorphanol

Pentazocine

Source: Data from Graham and Schultz (8), Lowinson et al. (9), and Coleman and Kay (10).

TABLE 10.5. Hallucinogens.

Example Intoxication Withdrawal Overdose
LSD Hallucinations No symptoms Intense
Psilocybin Nystagmus reported hallucinations
Mescaline Reactions: Respiratory depression
(peyote) Psychosis Death
THC Depression
Marijuana Flashbacks
PCP Emotional
Jimson weed detachment
Ergot alkaloids
MDA
MDMA
(ecstasy)
MDE

Source: Data from Graham and Schultz (8), Lowinson et al. (9), and Coleman and Kay (10).

TABLE 10.6. Sedative-hypnotics.

Examples Intoxication Withdrawal Overdose
Alcohol Mood swings Tremors Somnolence
Barbiturates Aggressiveness Hallucinations Respiratory depression
Benzodiazepines Impaired motor Agitation Coma
Antianxiety control Delirium tremors Death

medicines Unsteady gait (alcohol)

Slurred speech
Impaired judgment

Source: Data from Graham and Schultz (8), Lowinson et al. (9), and Coleman and Kay (10).
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Circumstantial use is common in workers who require an antici-
pated drug effect to cope with a specific problem, situation, or condition
at work or home. Examples of this are workers spraying pesticides at night
who use stimulants to keep awake, truckers who use stimulants for long-
haul drives, or farm managers who use benzodiazepines to cope with stress
(6,8,9).

Compulsive drug use is defined by Seymour and Smith (6) as “drug use
that is patterned behavior of high frequency and a high level of intensity,
characterized by a high degree of psychological dependence and perhaps
physical dependence. The drug use dominates the individuals’ existence,
and preoccupation with drug-taking precludes other social functioning.”
This person is likely to use various behaviors and excuses to avoid drug tests
and will deny use if caught. This person may use the agricultural workplace
as a source of funds for addiction and as a place to buy, sell, or store drugs
(6,8,9).

Nature of Addiction

Biological, psychological, and sociological factors contribute to the propaga-
tion of drug addiction and abuse.

Biological Factors of Addiction

Evidence suggests that drug-seeking behavior may be caused by genetically
determined abnormalities in central nervous system neurotransmitters.
Depressants such as heroin or stimulants such as cocaine mimic the structure
of neurotransmitters at synaptic junctions of the brain. Stimulants such as
amphetamines and cocaine mimic neurotransmitters that cause a stimulant
reaction; heroin, other natural and synthetic opiates, and alcohol mimic neu-
rotransmitters with a depressant effect. Dopamine has been suggested as a
positive reinforcer, and drugs such as amphetamine, cocaine, and nicotine act
by increasing the amount of dopamine in the synapse. Tetrahydrocannabinol
(THC, marijuana) acts like dopamine in the brain and reinforces the stimu-
lant effects of the neurotransmitter. Alcohol also stimulates the release of
dopamine (12).

Illicit drugs may also act at the level of the axon. Phencyclidine hydrochlo-
ride (PCP), alcohol, and inhalants interfere with cell membrane function to
influence cell transmission along the axon (12).

Despite superficial differences, all drugs activate the limbic system com-
posed of the temporal lobes, amygdala, and hippocampus. The nucleus
accumbens within the limbic system is involved in the perception of pleasure
and may be the common site of action of all drugs. The limbic system has
connections throughout the brain, especially those areas involving voluntary
control and cognition (12).
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Alcohol addiction may be caused by abnormalities in several central neu-
rotransmitters, including serotonin and dopamine. Changes in serotonergic
and dopaminergic systems are associated with states of alcohol intoxication
and withdrawal (12).

Cocaine is thought to cause a surge of dopamine and serotonin in the
brain that triggers the cocaine “high.” Dopamine activation had been
described as essential in drug reinforcement and is associated with pleasure
and elation. Some authorities suggested it is the master molecule of addiction
and the nucleus accumbens is the master organ. Reinforcement theory in
drug use proposes that compulsive substance abusers use drugs because these
same drugs have been positive reinforcers on previous occasions. Dopamine
exercises power over learning and memory, creating a neurochemical support
for addiction so powerful that the people, places, and thoughts associated
with drug taking are also imprinted on the brain (12).

Psychological Factors of Addiction

Psychological factors that contribute to addiction include extroversion, lack
of conscientiousness, and openness to experience. Dependent personality dis-
orders (easily led by others), anxiety disorders, and depression are commonly
associated with drug abuse. In adolescents, when most drug abuse starts, low
affect and lack of behavior self-regulation when interacting with family and
peers predisposes them to substance experimentation. In addition, immatu-
rity may exacerbate the natural low psychological self-regulation in child-
hood to promote initiation of alcohol, tobacco, and other drug consumption
(12-16).

Sociological Factors of Drug Abuse Causation

Social factors include peer pressure and the availability of drugs in the com-
munity, school, or workplace. Experimentation with drugs is common
among youths, but only a small number develop habituation and addiction.
Drug addicts need to have other users around them to validate their behav-
ior and to use in transport (mules), sales (pushers), or purchases of drugs. In
this manner, drug use is a socially contagious disease. The workplace,
whether it is a farm, packing house, or veterinary supply depot, becomes the
location where drugs are bartered, used, and sometimes grown or manufac-
tured (17).

Occupational and agricultural risk factors for drug and alcohol use include
poor job performance; safety hazards while intoxicated or during with-
drawal; drug-seeking behavior at work such as buying, manufacturing, steal-
ing, or selling; and poor health. Drug users often try to recruit fellow
employees to validate their own drug behavior and to use them as a source of
buyers for income. An employer may find a stockroom or production line has
been turned into a drug distribution point by drug-using employees (6).
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Diagnosis of Drug Dependence

Intoxication, withdrawal, and tolerance are the most prevalent substance-
related disorders. Intoxication is the development of a substance-specific syn-
drome that disturbs perceptions and develops immediately after ingestion.
Intoxication is also manifested by socially maladaptive behavior such as
impaired judgment, cognitive impairment, loss of impulse control, and
impaired social and occupational control. Withdrawal is a substance-specific
condition resulting from the cessation or reduction of the substance causing
intoxication (9).

Tolerance is the requirement of ever-increasing amounts of the drug to
deliver the same pharmacological effect. Eventually, the abuser develops tol-
erance to the substance’s effects and a cross-tolerance to effects of substances
in the same class (3,8).

To make the diagnosis of substance dependence requires three symptoms
from a list of seven, present during the same 12-month period: intoxication;
withdrawal; tolerance; a personal desire or unsuccessful effort to cut down;
drug-seeking behavior; social, occupational, or recreational consequences;
and persistent substance use despite knowledge that it is making the user’s
health worse (see Tables 10.1 and 10.2) (7).

The history may not be useful in making the diagnosis as the patient may
deny drug use or lie about its extent. In addition, the classic signs and symp-
toms of intoxication and withdrawal may be clouded by polydrug abuse and
the concurrent presence of psychosis, depression, or anxiety (16).

Secondary signs of drug use may also be helpful in making a diagnosis.
These may include track marks (the scars caused by injecting drugs), dis-
tinctive tattoos (especially on the arms to hide track marks), jewelry, and
drugs on the person or at the workplace. Paraphernalia found on the
worker’s person or at the workplace may include roach clips (used to hold
marijuana cigarettes), cigarette papers, bongs for smoking hashish,
syringes for injecting drugs such as heroin and “crack,” and spoons for
“cooking” heroin before injection. However, care must be exercised not to
become overzealous and make a diagnosis based on misinterpretation of
secondary signs. Drug-related jewelry may be worn innocently, diabetics
may carry syringes, and former drug users, bikers, and almost anybody
may have tattoos.

Management

Basic treatment regimens consist of one or more combinations of the fol-
lowing modalities: pharmacological treatments, behavioral modification,
aversion therapy, a 12-step abstinence-based approach, individual psy-
chotherapy, counseling, drug education, controlled drinking, broad-spectrum
approaches, and relapse prevention (17).
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Pharmacological Treatments

Pharmacotherapies for alcohol and drug addiction have been shown to be
effective during the acute or subacute withdrawal periods and with methadone
maintenance. Studies have examined antidipsotropics (disulfiram, calcium car-
bamide, metronidazole), antianxiety agents (diazepam), antipsychotics (thioth-
ixene, trifluoperazine), antidepressants (imipramine, desipramine, fluoxetine,
lithium), and hallucinogens (lysergic acid diethylamide). Methadone mainte-
nance for heroin addicts has also demonstrated benefit (18).

Behavioral Modification

Operant methods and aversion therapy are found in this class. Reinforcement
and punishment contingencies can be used to enhance program compliance,
but the ultimate impact on addictive behavior depends on the effectiveness of
the program itself (16).

The principle of aversion therapy is to produce an aversive reaction to alco-
hol by establishing a conditioned response in an individual. Ingestion of alco-
hol is paired with a negative stimulus to produce an automatic negative
response when exposed to alcohol alone. The four major types of aversive
stimuli are nausea, apnea, electric shock, and imagery. A large body of research
demonstrates effectiveness for several months but not in the long run (17).

Twelve-Step Abstinence-Based Approach

Pioneered by Alcohol Anonymous (AA) and Narcotics Anonymous (NA),
the 12-step approach features abstinence and a self-help program of rehabil-
itation. While not a religion, a significant part of the program is calling upon
a Supreme Being for help and guidance. Results of multiple studies have been
summarized by Miller (17) as follows:

1. Of those sober less than a year, about 41% will remain in the AA
Fellowship another year.

2. Of those sober less than 5 years, about 83% will remain in the Fellowship
another year.

3. Of those sober 5 years or more, 91% will remain in the Fellowship another
year

Individual and Group Psychotherapy and Counseling

Studies quoted by Miller (17) did not reveal consistently positive results from
psychotherapy despite clinical intuition that individual attention to the
alcoholic or addict was valuable. Confrontation, a subset of group
psychotherapy, where the addict or alcoholic is confronted by other addicts
with his or her addiction, also hasn’t produced data demonstrating its
effectiveness.
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Drug Education

Education programs (called “scare school” by the participants) teach the
addict about the drugs they are using, their health effects, and what one can
expect in detoxification. No data documenting the effectiveness of this
approach exist (17).

Broad-Spectrum Approaches

These approaches include social skills training (called “charm school” by the
participants), stress management, anger management, and community-based
reinforcement such as education and job placement. Tattoo and scar removal
is also an important facet of drug treatment as gang and drug-related tattoos
serve to identify a drug user to other drug users and to alienate potential
employers. Tattoo removal can serve to improve a former drug abuser’s reen-
try into the workplace. As people detoxify from opiates, they often experience
debilitating dental pain. The chances are high that they will return to opiate
use unless the dental conditions are treated. Drug abusers may have other
drug-related health problems such as infectious hepatitis, HIV, and skin
infections. These problems require aggressive diagnosis and treatment.
Finally, the dual diagnosis of drug addiction with psychiatric disease such as
depression, bipolar disorder, anxiety, or schizophrenia must be diagnosed
and treated concomitantly using psychotherapy and pharmaceuticals during
drug withdrawal (16-18).

Relapse Prevention

The goal is to remove the triggers that may precipitate the relapse to alcohol
and drugs. Twelve-step programs serve to change the people, places, and
things that trigger drug use and to make fundamental changes in attitudes
and behaviors. Medication support for withdrawal, treatment of psychologi-
cal issues, and intense alteration of the social context may be necessary to
keep people clean and sober.

Drug Use Prevention in the Workplace

Any drug treatment or rehabilitation program must take into consideration
the biological, psychological, and societal causes and consequences of drug
abuse. A policy begins with the employer’s recognition of the problem, which
may be triggered by government requirements, an insurance company’s or
subcontractor’s contractual requirements, by an injury or accident, by dis-
covery of drugs or drug use on the work premises by law enforcement, or by
the confrontation of a drug- or alcohol-intoxicated employee (Table 10.7).
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TABLE 10.7. Industrial Drug Program.

Employer’s recognition for a need of a drug program triggered by:
Government requirement
Insurance company requirement
Injury or accidents
Discovery of drugs or drug use
Confrontation with an intoxicated employee
Decision for action:
Recognize the costs and consequences
Select consultants
Creation of a company policy:
Use attorneys and consultants
Decide which modes of testing will be conducted: preemployment, for-cause, random,
postaccident, return-to-duty, follow-up
Short and easily understandable policy transmitted to the employees in writing
Must be fair and applicable to all employees
Selection of collection company, testing lab, medical review officer (MRO), and counselors;
have this arranged ahead of time
Education:
Employees:
About drugs
About the company policy
Supervisors:
About drugs
About the company policy
Recognition of drug syndromes and what to do when noticed
Testing process (variations of this process may be used from company to company and
situation to situation):
Employee (or applicant) is informed of the need for a test; a written request form is issued.
Collection point:
Chain-of-custody and identification forms completed
The employee is positively identified through a driver’s license, passport or other form
Specimen is provided by the employee:
Witnessed if there is reason to believe the individual is trying to fake a test
Bottle is sealed and marked in the presence of the donor
Specimen is stored in a secure location and chain-of-custody forms completed
Transportation:
By secure courier and using chain-of-custody forms
Testing:
Secure, reliable laboratory
Maintain chain-of-custody
Confirmation of positive results with a second, alternative method
Written reports
Medical review officer (MRO):
Reviews all positives in regulated testing
May be asked to review all positives in nonregulated testing
Provides written report to employer
Employer:
Action according to stated company policy:
Do nothing
Remove the employee from duty until rehabilitation is completed
Keep the employee on duty until rehabilitation is completed
Terminate employment
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Once the problem is recognized, the supervisors and managers of the
company must be willing to engage in a detection and prevention pro-
gram. Through research, education, or consultation with a specialist,
the company management makes a decision for action, knowing there
will be an expense for testing and that employees may have to be termi-
nated from employment. Management must be prepared to litigate if
challenged and take their policy as far in the courts as is needed to protect
their program.

When the company management has demonstrated willingness to proceed,
a short, understandable, and blunt policy is formulated in lay language.
Consultants or attorneys will usually have input in the policy that lays out the
forbidden conditions or actions and resultant discipline. The policy needs to
be communicated to the employees with documentation. In 2000 in the
United States 76% of full-time workers aged 18 to 49 (more than 66 million
workers) were aware of written policies on substance use at their workplace.
Awareness was greatest in administrative support personnel and smallest in
precision production crafts and repair. Government employees were more
aware of alcohol- and drug-use policies than any other industry. While not
specifically studied, agriculture, which has a mix of workers in different cat-
egories, seems to be in the middle (19).

Utilizing consultants, the company will typically conduct an education
program on drug abuse for employees and an additional class on the recog-
nition of drug use behavior for supervisors. Once the policy is in place, the
company can begin testing, typically using a third party such as a physician,
laboratory, clinic or collection company.

Drug Testing

Testing for drugs can be preemployment, routine, random, for reasonable
cause, postaccident, return-to-duty, and follow-up. Preemployment tests are
conducted before the applicant is accepted for a position. Routine testing
may be performed at the time of an annual physical assessment or upon the
anniversary of employment but is less productive because it gives the
employee a chance to stop drug use in anticipation of a test. Random testing
typically follows a formula to trigger the test, such as a number drawn from
a hat or extracted from a random number table and matched to the year of a
person’s birthday or another identifier. Reasonable cause applies to situations
where a supervisor, through observation and comparison to guidelines, has
determined that there is reasonable cause to suspect the employee is using
drugs or alcohol. Postaccident testing is done after an accident or injury and
may be limited to certain levels of damage, for example, drug tests done if
there is more than $10,000 in damages. Return-to-duty tests are performed
when the employee returns after long absences due to health, disciplinary, or
other causes. Follow-up tests are typically performed after an employee has a
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positive test and has entered a rehabilitation program. Testing in this mode
may last for over 1 year.

Drug Testing Process

The drug testing process depends on whether the testing is nonregulated or
regulated.

Nonregulated Testing

These tests are usually performed by private companies where there is no gov-
ernment requirement for testing. The standards for nonregulated testing are
minimal to nonexistent.

Regulated Testing

These drug tests are required by one of six United States federal agencies and
follow strict protocols for collection and evaluation. Most testing protocols
use the urine drug test, although some forensic testing for criminal prosecu-
tion uses blood testing and various companies use hair analysis. Federal and
many company protocols call for the use of breath analysis for alcohol test-
ing because the results are instantaneous.

Common Components

Regardless of whether the testing protocol is regulated or nonregulated, there
are common components. Collection and consent forms are necessary to doc-
ument the identity of the donor using a driver’s license or similar identifica-
tion and to maintain a chain of custody. Proper collection procedures, either
witnessed or nonwitnessed, are required to ensure the donor is actually pro-
viding the urine sample. It may be necessary to turn off water to sinks and to
use bluing agents in the toilet water in the collection room to prevent the
donor from using water from the sink or toilet. In addition, measuring urine
temperature, creatinine, and specific gravity can help to assure the substance
in the collection bottle is urine from the individual being tested.

Circumstances also dictate whether the donation of the specimen is wit-
nessed or not witnessed. The only way to effectively prevent the use of spec-
imens hidden on the donor’s person is to witness the collection, yet this
invades the person’s privacy and takes more time. Many drug protocols call
for a witnessed sample only if there is a specific indication that the person is
using drugs or might hide the specimen in a container on his or her person
(Figure 10.1).

Specimen security is important in ensuring the specimen is not tampered
with between collection and testing. Measures may include secured refriger-
ators and the use of forensic containers and security sealing tape. All
regulated and most unregulated testing requires a two-step laboratory
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FIGURE 10.1. This artificial penis and bladder apparatus was used by an agricultural
worker to provide a specimen for drug testing.

process of screening with an inexpensive kit and confirmation of positive
results with the more expensive, but highly accurate, gas chromatography and
mass spectrometry units.

The choices of illicit drugs to be tested vary from the five plus alcohol
required by SAMHSA (the so-called SAMHSA Five: cocaine, ampheta-
mines, opiates, marijuana, and PCP) for regulated testing, to 15 drug panels
provided for nonregulated testing. Some companies, disappointed at the
small number of drugs being tested for in the regulated testing program, test
an expanded panel at the same time.

All regulated and many nonregulated programs require that laboratory
reports be sent to a physician acting as a medical review officer (MRO). It is
the MRO’s responsibility to ensure that the process was done properly and to
call the donor to make sure none of the substances are being taken by pre-
scription for a legitimate medical reason. Medical review officer qualifica-
tions include training and certification through the Medical Review Officer
Coordinating Council (www.ACOEM.org).

The American College of Occupational and Environmental Medicine
teaches in its MRO course that the responsibilities of the MRO include:

1. Receive the results either by mail or secure fax.
2. Review the results.
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3. Investigate, inquire, or interview the donor if there is an unexplained
positive.

4. Record the findings.

. Record the donor’s excuses for a positive response (and do not be tricked
by them).

6. Order a reanalysis or retest if appropriate.

7. Refer the donor for a medical evaluation if necessary.

8. Interpret the findings.
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. Report the results to the employer.
10. Release the medical information appropriately.
11. Keep appropriate records.
The MRO must be aware of scams used by drug users to falsify drug test
results and the sources of false positives (20).

When positive reports of drug or alcohol testing are transmitted to the
employer, the employer has four choices, depending on whether the testing is
regulated or unregulated and what the company drug policy says:

1. Do nothing.

2. Remove the employee from duty until rehabilitation is completed.
3. Keep the employee on duty until rehabilitation is completed.

4. Terminate the person’s employment.

Each of the six federally regulated programs has different requirements for
removal from duty and rehabilitation. All require input from a substance
abuse professional (SAP) to organize and supervise the rehabilitation and
repeat negative testing. Requirements for rehabilitation in nonregulated test-
ing depend on the company policy, state law, and union agreements. While
programs vary, rehabilitation typically includes 12-step groups, counseling,
group therapy, education, and repeat drug testing. In regulated and most
nonregulated programs, repeated drug tests and ongoing participation in 12-
step groups and counseling are required for the employee to remain at work.
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Work Site Visits

VICTOR DURAJ

Key words: modified duty, hazards, return to work, injury prevention

A better understanding of the health hazards of the workplace can be gained
by work site visits. Physicians can use their observational skills to increase
their understanding of work processes, hazardous exposures, potential
adverse health effects, preventive principles, and control measures during
inspection of work sites. This chapter focuses on previsit preparations, the
site visit, and postvisit responses (1,2).

Previsit Preparations

Permission and Appointments

Unless the physician is making an unannounced visit as part of a government
or insurance company safety survey, it is always preferable to call ahead and
make an appointment with the manager or owner. The physician will seldom
be turned down (a cause for suspicion), and most owners are proud to show
off their animals, crops, and machines. The manager or owner will want to
know the reason for the visit and may advise the physician on basic hazards
and safety rules (3).

Proper Attire and Safety Rules

Any physician who visits the agricultural workplace must dress appropri-
ately, using proper shoes, clothing, and protection against the elements. He
or she should observe all safety rules requiring personal protective equip-
ment for the ears, eyes, skin, and hair. Long hair should be pinned up to
avoid catching it in rollers with the resultant scalp avulsion injuries.
Women should not wear high or open-toe shoes. It is important for the
physician to set an example in the use of safety equipment and following
the safety rules.
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The Site Visit

The reasons why a physician should sometimes leave the confines of the hos-
pital or clinic and venture out into the agricultural workplace are summa-
rized in Table 11.1.

Understanding the Workplace

A physician not familiar with the agricultural workplace may approach the
patient’s injuries without knowing the mechanism or agent of injury (see
Chapter 25). Some injured workers may not be able to adequately explain
how they were injured. A physician who visits the workplace has a greater
understanding of the conditions under which the employee works and how
the injury occurred (4).

Developing a Working Relationship

The work site visit is also an opportunity for the physician to establish a
working relationship of mutual respect with the owner or management, the
union, and the employees. Employees are especially impressed to see a physi-
cian who will come out to the farm to see what they actually do (5).

Establishing the Tasks for Preplacement Physicals

It is important for physicians who do preplacement or fitness-for-duty exam-
inations to know the details of the job for which the employee is being con-
sidered. The workplace visit serves to educate the physician regarding the
tasks that the prospective employee will be required to perform.

Coordinating Modified Duty and Return to Work

Even workers with serious injuries can be returned to work as long as pre-
cautions are taken to ensure that the environment is conducive to the mental
and physical healing of the patient. For a physician who sees many injured
employees from a particular agricultural work environment, such as a pack-
ing shed or processing plant, there is an advantage to going to the workplace

TABLE 11.1. Reasons and goals for a workplace visit.

To obtain a working understanding of the work the employee is doing so the physician can
understand what the employee is talking about when he or she comes into the office

To coordinate a modified duty and early return to work program

To assist in creating a first-aid or rescue program for injured workers

To observe workplace hazards and how the employees are being protected from them

To evaluate the veracity of a worker’s claim for injury or disability
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and determining in advance which jobs employees with limitations can per-
form. The job placements and modifications may be short term or perma-
nent, but the goal is to return the worker to a productive capacity and, at the
same time, to cut down on the long-term costs of rehabilitation and tempo-
rary disability (6).

The mental well-being of the patient may be more important than the
physical injuries, and a rapid return to work restores to the injured
employee a sense that he or she is once again a breadwinner and is useful
to society.

Because low back pain is the most common injury in agriculture, multidis-
ciplinary teams have been developed to expedite the patient’s recovery and
return to work. A work site visit by a physician or another trained health pro-
fessional has been found to be an effective component of such a team
approach (7).

Creation of First-Aid and Rescue Programs

Particularly in rural areas remote from cities and city emergency depart-
ments, physician visits can be productive in initiating, funding, overseeing,
and evaluating first-aid programs. In some countries, a lone physician or
clinic is all that is available for injured workers from the fields. In those cases,
physician visits to the workplace can help to coordinate first aid, evacuation
protocols, and equipment (see Chapter 25).

Migrant Housing

Agricultural health hazards affect not only persons performing the fieldwork
but also persons who live in the immediate environment. Migrant workers
may live in on-site temporary or dilapidated housing without the basic
hygienic requirements dictated by governmental regulations. What might be
considered dilapidated temporary housing in some parts of the world might
represent the norm in other parts. A useful checklist for assessing the safety
and hygienic conditions of worker housing can be found at the U.S. Depart-
ment of Labor Web site (http://fortress.wa.gov/esd/portal/employment/
ag/etahousingcheck.pdf).

Workplace Hazards

The agricultural work site is replete with hazards that result in fatal and non-
fatal debilitating injuries or illnesses (see Chapter 3). Proven methods can
eliminate or reduce many types of hazards and help identify the causes of an
existing health problem (see Chapters 4, 5, and 6). An inspection of the work
site by a person who is familiar with the types of work, the work environ-
ment, the social environment of agriculture, and the associated risk factors
can identify health hazards (8).
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A productive agricultural site visit requires fundamental understanding of
the potential factors for both chronic and acute injuries. Preprinted checklists
provide a comprehensive group of questions to prepare for evaluating a par-
ticular work site or injury. You can find appropriate checklists by searching
the Internet for “farm and ranch safety audit.”

In addition to typical field and farm activities, agricultural work includes
jobs in processing facilities such as canneries and packing sheds. These envi-
ronments include aspects that more closely resemble typical industrial and
manufacturing environments, except that the various pressures are often dif-
ferent, driven in part by maturity of the crop, the impending weather condi-
tions, lack of a stable work force, and processing equipment that remains idle
for most of the year and draws less maintenance attention than it should (9).

There usually are multiple causes or factors leading to an injury inci-
dent. Often the absence of one factor in the series could have prevented the
particular incident from occurring. However, correcting all of the con-
tributing factors will further reduce the likelihood of a repeated or similar
injury (9).

Many insurance underwriters and workers compensation insurance carri-
ers have safety information that they utilize and make available to the public.
Organizations such as AgSafe (www.agsafe.org) provide certificate programs
and materials that prepare persons to perform hazard identification and con-
trol activities as well as other injury and illness prevention plan (ITPP) devel-
opment. Enforcement inspections are significantly associated with decreasing
compensable workers compensation claims rates (10).

Evaluating the Veracity of Claims

Employers and employees may decide to falsify injuries for their own finan-
cial gain. Alternatively, attorneys, government agencies, and insurance carri-
ers may have doubts that an injury actually occurred. The treating physician
is in a unique position to answer the question of causation by making a work
site visit.

Determining how an injury occurred involves asking open-ended questions
to elicit more detailed responses in the form of thoughts, observations, and
history. The physician should keep in mind the principle of multiple causal
factors and should avoid drawing conclusions until after conflicting or
incomplete information is resolved as best as possible. However, because
much farm work involves lone workers, the specific cause may be difficult to
ascertain, especially with deceased or memory-blocked victims. Ascertaining
the cause of an agricultural injury depends on finding one of several possi-
bilities summarized in Table 11.2 (9).

To determine the veracity of a claim, the physician may best serve the
patient by going to the workplace and actually seeing the circumstances of
the accident. Sometimes the injury can be reenacted to see if the history
related by the patient is plausible (11,12).
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TABLE 11.2. Factors to consider when determining causation of a work-related
injury.

A cause-and-effect relationship

Consistency of the mechanism and agents of injury with the description of the injury itself
(see Chapter 25)

Internal consistency of the employee’s history

External consistency with the history as related by coworkers

Consistency with what is medically known about the offending substance, machine, animal,
infectious agent, or job task

Post-visit Actions

The physician needs to write up details of health problems observed in the
work-site visit. Appropriate reports, action reports, and memorandums of
understanding should record recommendations for hazard abatement, return

to

duty programs, and modified duty programs. In certain countries and

states, specific hazardous conditions, epidemics, infectious diseases, and
other problems must be reported to local authorities.
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Children in Agriculture
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Children who live, play, and work on farms are exposed to agricultural haz-
ards that include biological, physical, and chemical agents. The agricultural
environment includes animals, insect vectors, machinery, structures, bodies of
water, and extreme climates, both hot and cold. Exposures to agricultural
hazards among children vary greatly based on the environment and the cul-
tural conditions that guide farming activities. The type of agriculture in a
region, the climatic conditions, and the agricultural practices, both current
and historical, are important considerations in evaluating the nature of haz-
ardous or salubrious exposures for children. While some children who live on
farms may not participate in farm chores, others may be actively involved and
more highly exposed. Further, children may be exposed to hazards of farm-
ing as bystanders in the workplace.

The definition of child is relative and varies across cultures and periods of
time. Categories of children used by international labor conventions are the
following:

1. Children are under 15 years of age (although in some places this age would
vary by a year, making it 14 or 16)

2. Adolescents are 15 to 18 years of age (or in some places this category starts
at 14 or 16).

In many countries, children’s involvement in agriculture is viewed as a normal
part of living on farms or as a useful part of their socialization and life skills
development (1,2).

Agricultural work performed by children varies from short periods of light
work after school to long hours of arduous work involving dangerous chem-
icals and work processes in subsistence or commercial production (1,2).

Children working in agriculture comprise 70.4% of all working children.
Among working boys, 68.9% are involved in agriculture, and among working
girls, 75.3% are involved in agriculture. Millions of people are involved in
agriculture worldwide; in many countries children begin working on farms at
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a very young age. Agriculture encompasses the bulk of the world’s poor, who
work long hours for meager returns and under hazardous and difficult con-
ditions. In India, the combination of poor nutrition and agricultural work in
childhood has resulted in decreased stature, which impairs earning ability
later in life. Children working on family-based vegetable farms in the Philip-
pines have been exposed to infections from biohazards and chemicals in soil
and water, and back problems from the heavy lifting of watering cans. They
often work without protective clothing. Children working in South America
peeling, cutting, and grading cashew nuts are exposed to cuts, skin irritation,
and back pain from sitting or standing for long hours (2,3).

Children’s work in agriculture often goes hand in hand with debt bondage,
where the poorest families have no land or too little land to meet subsistence
needs and become trapped in debt to their landlord or another person. Par-
ents may have little choice but to bond their children into agriculture or
domestic work to help their families repay the debt. In commercial agricul-
ture, children comprise a substantial portion of the work force associated
with global markets for coca, coffee, cotton, rubber, sisal, tea, and other com-
modities. Studies in Brazil, Kenya, and Mexico have shown that children
under 15 years of age make up 25% to 30% of the total work force in various
agricultural commodities (4,5).

Studies using rapid assessment techniques have suggested there are com-
mon characteristics of children in the plantation work force in a number of
countries:

1. Parents have low levels of education.
2. Most children attend school but work after school, on weekends, or during
vacations.
. Children’s wages are included with those of a working parent.
4. Children do not like the work but are expected to help with household
expenses and/or school fees (4-6).

98]

In some former Eastern Bloc countries, the transition of collective
farms into private, family-owned farms has increased the need for unpaid
family labor. However, in the Russian Federation, the same changes in farm
structure have resulted in less forced involvement of children in crop harvest-
ing, as the children are no longer harvesting crops as part of their school
activities (2).

In developed countries, the majority of working children are found in agri-
culture. Three distinct groups of youth work on farms:

1. Children who live and work on farms owned or operated by their parents

2. Adolescents who are hired to work on farms not owned or operated by
parents and whose parents are not farm employees

3. Children who accompany their migrant farm-worker parents (6,7)

A trend of increased percentage of hired farm workers between the ages 14
and 17 has been reported, with that age group comprising 7% of all hired farm
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workers. In the United States, an estimated 2 million children and adolescents
under the age of 20 years lived or worked on farms in 1998. Protection under
the Fair Labor Standards Act differs for children working in agriculture than
for children working in other industries. In other industries, children must be
14 years of age before they can legally work, but children as young as 10 years
old can legally participate in some aspects of farm work. Family farms are
exempt from minimum age restrictions, and children may be employed by their
parents on any farm owned or operated by the parents (7,8).

Epidemiology of Pediatric Illnesses, Injuries, and
Disabilities in Agriculture

Although the hazards in agriculture have long been recognized among adults,
there is less information available regarding children who live and work on
farms. Chronic effects on children of farm work conditions such as extended
hours, adverse weather conditions, repetitive work methods, and exposure to
infectious agents and farm chemicals have been addressed sporadically in the
literature (7,8).

Allergies and Allergic Sensitization

In European studies, children of farmers are at decreased risk of developing
allergic sensitization. Factors explaining this decrease include early exposure
to animals, including livestock and pets. In a study conducted in New
Zealand, children living on farms were found to have an increased prevalence
of allergic symptoms but not of skin-prick positivity. Weekly consumption of
yogurt was associated with decreased risk of hay fever and allergic rhinitis,
and consumption of unpasteurized milk was associated with decreased risk
of atopic dermatitis and eczema (9-13).

Farm Chemicals

Parental occupational and nonoccupational exposures to pesticides have
been associated with childhood cases of neuroblastoma, retinoblastoma,
non-Hodgkin’s lymphoma, Wilms’ tumor, astrocytoma, and primitive neu-
roectodermal tumors. Not all studies have shown a positive association
between parental exposures in agricultural work and diseases in the offspring.
However, larger studies have reported a positive association between parental
occupation in agriculture and childhood brain tumors. Children of mothers
who were employed as farmers or farm workers or were exposed to fertiliz-
ers, pesticides, animal manure, or unprocessed wool were more likely to have
childhood brain tumors. In addition, children exposed to pigs, horses, and
cats in combination with living on a farm had a threefold risk for childhood
brain tumors (14-18).
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Congenital anomalies associated with farm chemicals are a hazard for chil-
dren whose parents live and work in agricultural areas. While most of the
research has focused on the causal association between congenital anomalies
and agricultural chemicals, one must also note that children with the long-
term disabilities associated with these defects may be living in rural areas, giv-
ing rise to a special-needs population in remote areas. An increase in limb
reduction defects, hypospadias, and epispadias was reported in an area in
New Zealand where 2,4,5-T (an herbicide) was sprayed for 4 to 6 months a
year. Women who resided in Imperial County, California, a highly agricul-
tural community, were more likely to have infants with limb reduction defects
than women who resided in urban areas. Malathion, an organophosphate
insecticide and acaricide, has been reported to be associated with an increase
in rates of gastrointestinal, limb, and orofacial defects, but these associations
were not supported in a later study in which only tracheoesophageal fistulas
were reported to be elevated (19-22).

In Colombia, Captan, a fungicide with structural similarities to thalido-
mide, was reported to be associated with a moderate increased risk of con-
genital malformations among occupationally exposed mothers. In an
ecological study in Colorado, chromosomal defects were significantly ele-
vated in counties with high fungicide and herbicide use, and with intensively
irrigated pastureland. Heart defects were elevated in counties with intensive
irrigation of pastures and cropland. Some investigators have suggested that
the solvents used in the pesticide application mixture play a significant role in
the teratogenic activity associated with agricultural activities. Despite sub-
stantial evidence indicating birth defects associated with pesticide exposures
as an important health problem, there is virtually no published literature
assessing disabilities among children on farms (23-25).

Children may have enhanced susceptibility to pesticide exposures because
of their size, increased metabolism, and rapid growth. As a result, studies of
adult pesticide exposure and associated adverse health effects cannot be
extrapolated to children. In a qualitative study among farm-worker mothers
and their children, the potential sources of exposure to pesticides were
described among those aged 8 to 16 years in Colorado and Texas. The follow-
ing farm activities increased the chance of exposure of children to pesticides:

1. Playing in farm fields

2. Playing in dirt near fields

3. Swimming in irrigation ditches (a big risk)

4. Being outside when fields were being sprayed with chemicals

5. Eating fruits and vegetables without washing them

6. Eating food while working in a field

7. Picking crops

8. Spraying weeds and insects (Figure 12.1)

9. Driving tractors to cut wheat and corn or to pick up trash (Figure 12.2)
10. Helping to move or feed cattle
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FIGURE 12.1. A young man in China using a backpack sprayer to apply pesticide.
Note that he is not wearing gloves, goggles, or a mask. Dermal exposure and inhala-
tion are significant routes of exposure to pesticides. In addition, he is spraying over
his head, which allows drift that can cover his body in the pesticide. His long-sleeved
shirt and long pants provide some protection. However, cotton can absorb the com-
pounds and keep them next to his skin for long periods of time if he is out spraying
for several hours, thereby increasing his exposure. (Photograph by Huiling Xiang.)

Many of these activities clearly also may put the children at risk of an acute
illness or injury (26,27).

Due to the intense use of synthetic fertilizers and livestock manure in agri-
culture, levels of nitrate in water may be elevated. This waterborne chemical
hazard for very young children on farms results in a potential for overexpo-
sure to nitrates through drinking water. Nitrate contamination in shallow
wells may lead to methemoglobinemia in infants. Nitrate is converted to
nitrite by commensal bacteria in the gut and absorbed primarily in the small
intestine. Levels of nitrate that are safe for adults pose a significant hazard
for infants, due to the inability of the infant to process the nitrate and excrete
it in the nontoxic form (28-30).

Communicable Diseases

In low-income countries, waterborne diseases remain a major public health
problem. Drinking water can be the direct cause of enteric infections, bacil-
lary dysentery, and cholera. Standing water can also serve as the indirect
cause through transmission of mosquito-borne diseases such as malaria and
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FIGURE 12.2. Driving equipment is one of the serious hazards for children on farms.
This girl is driving a tractor without rollover protection. One concern is how much
training she has received about operating the tractor and whether she would be able to
respond to an emergency. Judgment can play a significant role in appropriate responses
in emergency situations; many researchers have questioned which tasks are the age-
appropriate for children working on farms. (Photograph by William Bennett, Jr.)

filariasis. Water can also be the indirect cause of transmission of schistoso-
miasis, brucellosis, tularemia, hemorrhagic jaundice, and several other proto-
zoal, bacterial, and viral infections (31,32).

Schistosomiasis affects individuals in rural areas who work either in irri-
gation ditches or freshwater fishing ponds. It is a blood fluke infection with
adult male and female worms living within mesenteric or vesical veins of the
host. Symptoms can be diarrhea, abdominal pain, hepatosplenomegaly,
dysuria, urinary frequency, and hematuria. This parasitic disease is caused by
infection with blood flukes belonging to the genus Schistosoma. The larval
stages of the parasite develop in aquatic snails, emerge and penetrate the skin
of anyone in contact with the water. Untreated, schistosomiasis causes con-
siderable pathology and can be fatal in chronic advanced cases (31-33).

As children in agricultural areas have daily contact with water in summer
either through helping parents in agricultural work or playing (e.g., swim-
ming) in the water, the risk of infection with schistosomiasis is extremely
high. In many areas, a high proportion of children between the ages 10 and
14 are infected. An estimated 66 million children throughout 54 countries are
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affected by urinary schistosomiasis. Unfortunately, some environment modi-
fications by human beings spread schistosomiasis rapidly. An extreme exam-
ple is that in some villages around Lake Volta in Ghana the prevalence of the
schistosomiasis among schoolchildren increased by more than 400% after the
completion of the dam (31-33).

Between 1961 and 1964, the Akosombo Dam was constructed on the Volta
River in Ghana, creating Lake Volta, one of the largest artificial lakes in the
world. The Akosombo Dam and a nearby dam built in 1981 have dramati-
cally changed the existing physical, biological, and socioeconomic environ-
ment of the people living above and below them. The construction of the
dams and Lake Volta has created conditions suitable for explosive outbreaks
of waterborne diseases, especially urinary schistosomiasis (31).

An epidemiological survey conducted before Lake Volta was constructed
found that the prevalence of urinary schistosomiasis in schoolchildren in the
riparian villages was 5.0%. A 1982 postconstruction survey at eight schools
near Lake Volta revealed urinary schistosomiasis prevalence rates of 74.5%
to 88.0% in schoolchildren, a substantial increase in schistosomiasis preva-
lence since the two dams were built. In addition to the infection of local chil-
dren, several schistosomiasis cases have been identified among tourists who
swam in Lake Volta (31).

Many regions in the world use raw wastewater for agricultural purposes.
Raw wastewater has been associated with increased prevalence of helminthic
infections among children in Morocco. In central Mexico there is a higher
risk of diarrheal disease and a fivefold increase in risk of Ascaris lumbricoides
infection among children as compared to areas where raw wastewater was not
used. In Mexico, no association was found between raw wastewater use and
Giardia intestinalis, even though children were found to have the highest
prevalence of infection. The benefits of wastewater reuse in agriculture are
limited by the hazards associated with the risk of transmission of pathogenic
organisms from irrigated soil to crops, grazing animals, and humans (32-35).

Development of infrastructure for increased agricultural production in dry
areas may lead to changes in the ecosystem that increase mosquito popula-
tions. Large-scale irrigation has often resulted in increased human malaria
incidence, which leads to a need to aggressively address mosquito control. In
studies of malaria prevalence in Laos during the dry season, 28% of villagers
were infected with malaria. During the rainy season, 16% of villagers were
infected with consistently high prevalence (40% among boys and 20% among
girls) during the dry season among children under the age of 10 years (36,37).

Zoonotic Diseases

With intensification of animal husbandry practices and international trade in
animals and animal products, the importance of animal-borne diseases is
increasingly recognized (see Chapter 29). Transmission of bacterial and par-
asitological zoonoses can occur through the following:
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1. Ticks, fleas, and sand flies (Chapter 30)
2. Ingestion of contaminated animal or plant products and water
3. Contact with contaminated soil

Young children on farms may be uniquely susceptible to specific zoonotic
diseases due to their hand-to-mouth practices and proximity to fields, irriga-
tion ditches, herds, and flocks (38).

Disabilities and Musculoskeletal Disorders

Hearing loss was studied in high school students by researchers at the
Marshfield Clinic in Wisconsin. Children who lived and worked on farms
were found to have excess hearing loss in the left ear compared with chil-
dren who neither lived nor worked on farms and children who lived but did
not work on farms. The investigators suggested that the excess left ear
hearing loss that has been observed in adult farmers begins during child-
hood (39).

Musculoskeletal disorders can result from excessive physical demands or
repetitive movements related to work. Few studies have evaluated the physi-
cal demands associated with jobs performed by children and adolescents.
These work-related health problems may contribute significantly to long-
term problems among youth and need to be addressed in future research (40).

Injuries

A number of studies have reported trauma-related mortality and morbid-
ity on farms. In the United States the annual rate of death was 13.2 per
100,000 farm population between 1979 and 1981 and declined to 8 per
100,000 farm population between 1991 and 1993. Based on the observa-
tion that the in-hospital death rate increased significantly between the two
periods, the decline was attributed to improvements in emergency medical
services in rural areas. The annual morbidity rate for farm injuries
reported between 1979 and 1983 was 1,551 per 100,000 and increased to
1,717 per 100,000 between 1990 and 1993. Myers (8) estimated that chil-
dren aged 10 and under suffered nearly 13,000 agricultural work-related
injuries in 1993, with nearly two thirds of these injuries occurring during
the summer months when children were out of school. Children working
in fields may

1. be near or in the way of machinery, including tractors and trucks;
2. fall from ladders while picking fruit; or
3. become dehydrated due to lack of drinking water.

Common agents of minor injuries to children are animal bites and falls,
while the common agents of serious injury in North America involve tractors
and moving machinery. Hauling and driving equipment including tractors
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are common activities for children on farms, particularly when harvesting
and planting needs to get done quickly. Frequently the children are driving
older tractors and doing routine maintenance around a farm such as mow-
ing. Older tractors, such as the one in Figure 12.2, are less likely to have
rollover protection structures and therefore present a significant hazard in the
event that there is a rollover. These older tractors tend to be those that are
used for routine maintenance such as mowing on hillsides (41-51).

Farm Tasks of Children

Children working on farms are involved in a wide array of farm tasks. In Ken-
tucky, 82% of children studied were involved in the feeding and care of animals
and 70% performed work related to the production of tobacco. In Colorado,
children reported working with feeding animals and collecting eggs as early as
18 months, driving four wheelers or three wheelers between the ages of 4 and
7, driving tractors as early as 7 years, with many driving tractors by age 10
(Fig. 12.2). Children and parents reported that parents and grandparents
decide when children are old enough to perform chores and that they learn how
to perform chores by assisting under supervision and then performing inde-
pendently. Safety information was learned from observation of parents and
other workers on the farms, with the children being aware of inconsistencies
between what they were told was safe and what safety practices they observed
in others. The children also viewed being injured as a normal part of growing
up and working on a farm. The attitude of children and adolescents toward
safety equipment was that it was inconvenient, uncomfortable, and frequently
unavailable. Further, since much of the equipment available, such as hearing
protection, serves to protect injuries that will affect the children later in life, the
use of such protection was not seen as immediately relevant (44,52-55).

Considerable attention and financial resources have been devoted to edu-
cational efforts to promote childhood farm safety, in part because education
is the most acceptable prevention strategy among farm populations. A recent
educational approach is the North American Guidelines for Children’s Agri-
cultural Tasks (NAGCAT) (http://www.nagcat.com), which assists parents in
assigning developmentally appropriate and safe work for children aged 7 to
16 years. In 2003, Safe Kids Canada commissioned a systematic review to
synthesize evidence about the application of NAGCAT and the efficacy or
effectiveness of other strategies aimed at farm injuries to children
(http://www.safekidscanada.ca/ENGLISH/IP_PROFESSIONALS/Rural-
SafetyProgram/SafeKidsFullRuralReport.pdf) (56-58).

The NAGCAT authors concluded:

1. Few studies have evaluated structural changes on farms to make them safer.
2. Prevention efforts were limited for toddlers and preschool children.
3. There are no evaluations of child care for farm children.
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4. NAGCAT dissemination efforts were improved when accompanied by a
visit to the farm by a safety professional or when child development prin-
ciples were provided in conjunction with the guidelines.

5. School-based programs and safety day camps were effective in increasing
short-term knowledge, but none addressed reduction of injuries as an out-
come.

6. The results of tractor training programs and community-based interven-
tions involving youth were inconsistent.

In a study among Hmong children involved in agricultural work, the
authors concluded that NAGCAT could not be literally translated and dis-
seminated due to cultural differences in task assignment, level of responsibil-
ity compared with North American children, more authoritarian parenting
practices among Hmong parents, and the shorter stature of Hmong children.
More information on farm task assignments among children and adolescents
from other cultural groups, including migrant and seasonal farm workers, is
needed to evaluate the relevance of the NAGCAT program. In addition,
studies assessing injury outcomes are also needed for all prevention and inter-
vention programs that are currently being used (58).

Conclusion

Worldwide, children and adolescents continue to make significant contributions
to the agricultural work force, but the farm as a place for work and for play can
be hazardous for them. Technology has altered the hazards in many developing
economies, from increased potential for vectors of disease to increased exposure
to pesticides. The increased used of heavy equipment will similarly shift the risks
associated with farm work among children and adolescents. Progress toward
recognition of hazards inherent in child labor has reduced the risks of farm
injury in developed countries; that recognition needs to be applied in develop-
ing economies. Strategies need to be devised that address the different farm tasks
and cultures in order to have a significant impact on health.
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Chemical Exposure: An Overview

JAMES E. LESSENGER

Key words: pesticides, growth regulators, fertilizers, nutrients, buffers, petro-
leum products

Agricultural chemicals comprise thousands of formulations, including petro-
leum products, pesticides, growth regulators, buffers, nutrients and fertilizers,
and veterinary medications. These chemicals may be used as solids in granu-
lar, powder, pellet, or block form; liquids in mists and sprays; or in gaseous
forms as fumigants or fuels. Application of chemicals to crops may be by
sprays of liquids from aircraft or ground machines; broadcast of solids from
aircraft, vehicles, or stationary sources; injection of gas, liquid, or solids into
water, soil, animals, or feed; or gaseous exposure in fumigation cells. Animals
may be dipped in pools of dilute insecticides to remove surface insects. To
save on manpower and fuel, it is common to apply five or more chemicals at
once to a crop, making it difficult to determine which are the relevant agents.
Mass casualty situations may result from the sudden release of large quanti-
ties of chemicals from a manufacturing, storage, or transportation facility, or
from the group’s perception of a release as in mass psychogenic hysteria
(Table 13.1) (1-3).

Exposure does not necessarily equal poisoning. If a person is working in
an area where a chemical is being used, he or she may not be exposed. Expo-
sure to a chemical may not mean there will be enough external or internal
contact to produce the physiological changes of poisoning. Poisoning may
not produce a clinical level of illness, impairment, or disability. It is a mistake
to assume a person has become ill from a chemical just because he or she was
present in the vicinity where it was thought to have been used. It is important
to consider the differential diagnoses of chemical illness when evaluating an
alleged chemical injury for causation (1).

The massive amount of information and misinformation in the public
media about farm chemicals complicates the evaluation of the patient. Some
chemicals produce a particularly noxious odor that can cause nausea or anx-
iety about exposure, yet cause none of the physiological processes of poison-
ing. Dursban™, for example, has a particularly obnoxious odor, and small
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TABLE 13.1. Farm chemicals, pesticides, and other chemical agents (1,2,16).

applied to crops to make the pesticides
settle on the leaves)

Pesticides (Chapter 16)
Insecticides

Farm chemicals Rodenticides
Gasoline fuels Coumadin and other anticoagulants
Diesel fuels Strychnine
Jet fuels Sodium fluoroacetate
Oils and lubricants Fungicides
Fluids (hydraulic, etc) Carbamates
Kerosene (mixed with chemicals as Organophosphates

Others, including sulfur, captan, captofol

Antimicrobials (disinfectants)
Triazine-S-triones,
Chlorine-releasing agents

Organochlorines Chlorine

Organophosphates Dichloronitrobenzene
Carbamates Growth regulators (Chapter 15)
Pyrethrins Plant regulators

Synthetic pyrethroids Insect regulators

Nicotine Buffers (to bring chemical mixtures to
Rotenone neutral pH before application)

Microbiologicals (Bacillus
thuringiensis)
Elemental substances (sulfur)

Nutrients and fertilizers (Chapter 14)
Elemental compounds
Anhydrous ammonia

Herbicides Gypsum
Trichloro/dichlorophenoxyherbicides Others
Urea derivatives Veterinary medications
Carbamates Immunizations
Triazines Antibiotics
Glyphosate Hormones to promote growth

and production

Source: Data from Lessenger (1), O’Malley (2), Tordoir et al. (4), Reigart and Roberts (5).

amounts can cause anxiety and fear in people when no significant exposure
has occurred. As urban growth encroaches upon farmland, more and more
people live adjacent to farms and farm animals. Unpleasant odors familiar to
those people working in agriculture may be misinterpreted by new arrivals as
dangerous toxicants. A careful history and physical examination can differ-
entiate fears and anxiety from actual poisoning (6,7).

Clinical Presentation

An emergent presentation is seen in a person who is exposed to a chemical
and becomes immediately ill and thinks agricultural chemicals are to blame.
Most emergent chemical-related illnesses are seen in the hospital emergency
department. A nonemergent situation is seen by many physicians in their
offices where the patient may be sent after an emergency department visit.
Alternatively, the patient may arrive directly from the workplace, either the
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same day of the exposure or sometime later. The vital signs are typically sta-
ble and there may be a question whether the person was actually exposed or
poisoned. The emergency department may not have the time to do a thor-
ough history or have the resources of past records, private investigators’
reports, governmental reports, site visits, and research to aid in the diagnosis
and the determination of causation, impairments, disabilities, or future med-
ical care. The office-based physician is often asked to determine these issues
(1,7.8).

Case Study 1

A 34-year-old man who works as a certified pesticide applicator became pro-
foundly vertiginous and collapsed while applying hydrogen cyanamide, a
growth regulator applied to promote uniform budding in citrus. He was wear-
ing a full protective ensemble, including overalls, boots, gloves, mask, goggles,
and helmet. The patient was questioned extensively because hydrogen
cyanamide can cause an Antabuse reaction when used by a person who has
recently consumed alcohol or used alcohol-containing products. He denied
using alcohol in any way, including after-shave and hair tonic.

In accordance with longstanding company protocols, coworkers removed
the employee from the field, removed the protective ensemble, and decon-
taminated him with water. An ambulance was called and emergency medical
technicians (EMTs) responded. They donned full protective gear, placed bar-
riers around the patient, started intravenous fluids, and transported him to
the hospital. The employee’s blood pressure in the ambulance and on the way
to the hospital was 90/40 mm Hg. At the emergency department, the patient
was assessed by a triage nurse in the ambulance and sent through a deconta-
mination shower. After decontamination, the patient was given intravenous
fluids. Drug and alcohol blood tests were normal. The patient was hospital-
ized and his hypotension improved with intravenous fluids. He was still
slightly hypotensive upon discharge.

Upon presentation at the consultant’s office, the patient was still hypoten-
sive and vertiginous. He denied using any alcohol or products containing
alcohol for the 2 years he had been applying hydrogen cyanamide. Research
confirmed that the chemical was a growth regulator and that concomitant use
of it and alcohol would produce profound hypotension. A report was made
to the health department, using a state form, and appropriate workers’ com-
pensation documents filed. Private investigators and government investiga-
tions failed to reveal any alcohol use by the patient. A review of the patient’s
complete medical records failed to reveal any other cause of the symptoma-
tology and physical findings. Motion pictures of the patient taken by a pri-
vate investigator failed to reveal any alcohol or drug use. The consultant
arranged for a “hold” tube of blood from the emergency department to be
analyzed. The only abnormal substance discovered was hydrogen cyanamide
at levels just above the detection limit. The patient was followed by the
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consultant for 6 weeks until his blood pressure returned to the normal range
and his vertigo resolved. Three months after the incident the patient was
working without symptoms. A repeated blood level of the chemical had the
same results as the first one, demonstrating that trace amounts in the patient’s
blood was not the cause of the acute symptoms and physical findings. The
worker was discharged as cured.

Case Discussion

The cause of the hypotension and vertigo was never fully delineated, even
with a thorough workup, private investigator’s investigation, and other tests.
The patient was removed from exposure, decontaminated in the field and at
the emergency department, and appropriately treated. A “hold” tube of
blood showed only trace amounts of the substance, an anticipated finding.
No specific treatment or antidote was necessary, other than intravenous flu-
ids. By following proper procedures, the patient was treated without contam-
inating coworkers or emergency personnel.

Diagnosis

History

The history may be the only positive finding. It is important to list the pre-
cise symptoms and detail where and when they started. A precise record of
when the symptoms started can establish a cause-and-effect relationship if
they first occurred directly after a suspected exposure. Record what the
patient was doing when the symptoms started and when he or she thought
exposure occurred. When the patient thinks exposure occurred and what
actually occurred may be more subjective than objectively true (Table 13.2).

Record the parameters of exposure. Was the patient working in a pack-
inghouse and, if so, was the patient packing boxes of fruit or doing another
job such as sorting out rotten fruit where the possibility of exposure to
chemicals is greater? Was the patient operating equipment within a closed
cab, becoming ill with no obvious exposure other than a strange odor? If
the person was spraying in a closed cab and filtered air environment, there
may be another cause of the illness such as influenza, food poisoning, or
carbon monoxide poisoning from a leak from the exhaust pipes to the cab
(Table 13.3).

If the person claims to have been exposed to a chemical, it is important to
ask if the chemical was a liquid, solid, or gas, and what it smelled like. The
color of the chemical is also important, because many chemicals are colorless
but may have a distinctive odor. Ask if the patient actually saw the chemical
or just assumed it was there. Sometimes the patient may be ill from another
cause such as uncontrolled diabetes but may ascribe the illness to a chemical
exposure.
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Removal from exposure:

Evacuate patient

Retreat to a protected area
(closed building)

Don protective gear

Decontamination:

Remove contaminated clothing
and dispose of properly (as chemical
waste)

Shower and shampoo the patient
carefully and completely

Protect medical handlers from secondary
contamination

Treat acute symptoms:

Cardiopulmonary resuscitation

Antidotes

Antiemetics

Anticonvulsants

Cardiorespiratory support

When (or if initially) stable:

Learn the accurate name or names
of the substances:

Material Safety Data Sheet
(MSDS)

Containers and labels

Application records

Poison control centers

History:

‘Was the worker in the vicinity of the
chemicals being used?

Was there contact and exposure?

‘Was there poisoning and illness?

Are there impairments?

Is there disability?

Physical examination:

Describe findings and how they
evolve over time

Other sources:

Prior medical records

Private investigator’s reports

Governmental investigations

Eyewitness accounts

Media accounts

Employer accounts
Research (see Table 13.4)
Work-site visit (Chapter 11)

Decision making:

Treatment: may not be necessary after
removal from exposure and
decontamination

Causation:

Establish a most likely cause-and-effect
relationship

Look for internal consistency of the
patient’s history and physical
examination

External consistency with the research
and other sources

Impairments:

Based on objective findings
and compared to AMA guidelines of
evaluation of impairment

Disabilities:

Inability to perform social functions
such as work

Treatment plan for further medical care:
Design a treatment plan for long term

care, if necessary

Ask for what purpose the chemical was being used and what is the normal
use; the two uses may not be the same. Finally, ask about the progression of
symptoms, and what made them better or worse. Since removal from expo-
sure, have the symptoms improved?

It is important to ask when the person last ate before the onset of symp-
toms and if he or she was drinking alcoholic beverages, taking over-the-
counter or prescription medicines, or using perfume. Fragrances can cause
acute allergic symptoms; alcohol use while using certain growth regulators
such as hydrogen cyanamide can cause an Antabuse reaction; and meals
eaten at the site of contaminated fields can result in the accidental ingestion
of chemicals (10-12).

Symptoms may vary by the formulation used, concentration, length of
exposure, and personal protective equipment. For example, a person spraying
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TABLE 13.3. Differential diagnosis in pesticide exposure.

Irritant contact dermatitis Bronchitis
Dermatitis, solvents Pityriasis rosea
Dermatitis, other chemical Folliculitis
Allergic contact dermatitis Urticaria
Dermatitis, detergent Insect bite
Dermatitis, plants and insects Epistaxis
Scabies Thyroid disease
Chicken pox Drug misuse (legal
Drug eruption and illegal)
Influenza Food poisoning
Gastroenteritis Carbon monoxide poisoning
Sinusitis Mass psychogenic hysteria
Acne vulgaris Fraud
Herpes zoster Intentional homicide
Tinea cruris Intentional suicide
Diabetes mellitus Accidental suicide

Source: Data from Lessenger et al. (8) and Lessenger and Reese (15).

organophosphates may only have one or two of the classic symptoms if the
exposure is minimal. On the other hand, a person with headaches, nausea,
vomiting, chills, and fever may have influenza and not a chemically related
disease, even if the patient had been spraying all day without protective
equipment. It is important, especially when determining causation, that the
patient’s history be internally consistent and consistent with his workplace
and work task, and with what is known about the chemicals (9,13).

The differential diagnosis should be considered in each situation, and
appropriate testing performed to rule out conditions such as diabetes, thyroid
disease, and drug use that may mimic the symptoms of chemical exposure in
an agricultural worker (Table 13.3) (8).

Physical Examination

The physical examination may not be helpful in determining if an exposure
occurred. Rashes need to be carefully described and secondary changes due
to scratching, infection, or treatment documented. Halogenated hydrocar-
bons can produce chloracne that may be confused with acne vulgaris in ado-
lescents. Anhydrous ammonia can cause a characteristic hyperpigmented
area after a burn heals. Petroleum products may cause irritative dermatitis.
Scabies is common among farm workers. Allergic contact dermatitis may
have a variety of causative agents (Table 13.3) (1,13).

Inhalation of dusts, mists, and gases may cause instantaneous or delayed
bronchospasms, producing a constellation of symptoms from wheezing to
respiratory collapse. Nausea, vomiting, diarrhea, and abdominal pain can be
the result of chemical exposure or from alternate illnesses such as diabetes,
food poisoning, or influenza. Food poisoning is common in people who work
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in the fields and do not have the facilities to refrigerate their lunches. Ana-
phylaxis can result from envenomation by biting or stinging insects (9,14).

Neurological symptoms such as burning, numbness, tingling, twitching, or
seizures may be immediate or can be a delayed result of exposures. For exam-
ple, low-level chronic exposure to organophosphates can cause a delayed
polyneuropathy or memory loss (15).

Ocular symptoms are common in persons exposed to powders, dusts,
sprays, or mists. After decontamination, the sclera may be erythemic. The
corneas must be carefully examined for clouding or opacities.

Laboratory Studies

Urine, blood, or hair testing for specific offending chemicals is expensive and
time-consuming, and must be collected immediately after the exposure to
obtain reliable results. In many cases the patient may be cured or deceased
before results are returned from reference laboratories. Nevertheless, when
looking retrospectively at an alleged chemical illness to see if exposure actu-
ally occurred or if the illness can be attributed to a specific substance, a blood
or urine test for the specific offending chemical can be helpful. Therefore, it
is useful to draw an extra tube of blood in the laboratory or emergency
department and freeze it for later testing (1,8,9).

Blood, liver, and renal test results may be obscured by a preexisting disease
and may be abnormal only in severe exposures. Nevertheless, such tests
should be done as soon after the alleged exposure as possible to establish a
baseline and to exclude other illnesses such as anemia, diabetes, thyroid dis-
ease, and infectious diseases. Rapid drug and alcohol tests can quickly docu-
ment drug intoxication concomitant with, or masquerading as, a chemical
related illness. Cholinesterase testing for organophosphate poisoning is dis-
cussed in Chapter 9 (16).

Research

Poison control centers are effective at calling employers, chemical companies,
government agencies, or other entities to determine the exact name of the
offending compound. These centers can also give a list of signs and symp-
toms to look for, assist in making a diagnosis, and advise on the latest treat-
ment protocols (Table 13.4).

United States law mandates that employees exposed to chemicals must be
given the Material Safety Data Sheet (MSDS) for any chemical with which
they come in contact. Some employees may come into the emergency depart-
ment or consultant’s office with the MSDSs in hand along with container
labels and other information. Container labels can give the precise chemicals
and formulations to which the patient was exposed. Textbooks such as Ellen-
horn’s Medical Toxicology can be an invaluable aid. Online services through
TOXLINE and PUBMED give timely and concise information on diagnosis
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TABLE 13.4. Information resources.

Ellenhorn MJ, Schonwald S, Ordog G, Wasserberger J. Ellenhorn’s Medical Toxicology.
Baltimore: Williams and Wilkins, 1997.
Reigart R, Roberts J. Recognition and Management of Pesticide Poisonings, 5th ed.
Washington, DC: U.S. Environmental Protection Agency, 1999.
Tordoir W, Maroni M, He F. Health Surveillance of Pesticide Workers. Shannon: Elsevier,
1994.
Poison control centers
U.S. National Poison Control Hotline:
800-222-1222 (emergency)
202-362-3867 (administrative)
202-362-8561 (TDD)
National Library of Medicine.
PubMed: www.hcbi.nlm.nih.gov/PubMed/
United States Department of Health and Human Services, Public Health Service, Agency for
Toxic Substances and Disease Registry. ATSDAR Tox Profiles, 2003.
National Pesticide Information Center:
800-858-7378
nptn@ace.orst.edu
Global Information Network on Chemicals (GINC), maintained by the National Institute of
Health Sciences, Japan. www.nihs.go.jp/GINC/
Material Safety Data Sheets (obtain from employer)

and treatment. The Agency for Toxic Substances and Disease Registry pro-
duces the ATSDR TOX Profiles, another helpful guide (Table 13.4) (5,17,18).

Site Visits

Visits to the location where the exposure or event occurred can greatly assist
the physician in learning what happened, where the patient or patients were,
and how the exposure occurred. Sometimes it can be demonstrated that no
exposure could have occurred and there was mass psychogenic hysteria or
intentional fraud (see Chapter 11) (19).

Case Study 2

A 12-year-old boy was riding his bicycle to a fast-food restaurant when he
slipped and fell in a shallow puddle of a foul-smelling liquid in the restau-
rant’s parking lot. He became nauseous, vomited, and left the parking lot
feeling dizzy and with blurred vision. He stumbled home, pushing his bicycle.
A bystander smelled the puddle of liquid and notified the police who discov-
ered that a farm vehicle had spilled a 50-gallon barrel of dicofol, a chlori-
nated hydrocarbon and DDT analogue. The barrel was spilled as a truck
drove into the fast-food restaurant and the employees didn’t bother to clean
it up.

At home, the boy lay on his bed with his soaked clothing and slept. When
his mother came home, she found him somnolent and insisted he shower.
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After the shower he felt better, but his mother laundered the clothing he was
wearing, along with the bedding, and returned them to the boy’s room. He
continued to be symptomatic, even though she laundered the clothing several
times. A week later the boy was referred to the consultant’s office by the
health department.

In the office, the boy was wearing clothing (not those he was wearing the
day of the incident) that reeked of a hydrocarbon chemical. He was led to a
back room and asked to disrobe. The clothing was taken outside and bagged.
While the vital signs were normal, the boy was ataxic, demonstrated nystag-
mus, and his speech was slurred. His breath had a hydrocarbon odor. Sam-
ples of his blood, subcutaneous fat and urine were collected and were later
found by a reference laboratory to be positive for dicofol. A complete blood
count, urinalysis, and blood chemistries were all normal.

The boy’s mother was asked to destroy all clothing, furniture, and appli-
ances that had come in contact with the contaminated clothes the boy was
wearing the day of the incident. This resulted in the destruction of the fam-
ily’s entire wardrobe, the boy’s bed, a couch, and the washer. A report was
made to the county health department as required by state law. A week after
the decontamination, the ataxia, nystagmus, and hydrocarbon breath were
gone. The slurred speech resolved in 2 weeks. A month after the exposure, a
psychological test demonstrated cognitive and emotional deficiencies. A sec-
ond test performed 2 months later was normal. Three months after deconta-
mination, the boy was completely normal and he remained so for another
2 years of monitoring. No medication or treatment was given other than
removal from exposure and decontamination.

Case Discussion

This case demonstrates the critical importance of removal from exposure and
decontamination. Both were delayed in this case and the delay caused the
persistence of the symptoms and the possible exposure of other family mem-
bers. Once the patient was removed from exposure and the house properly
decontaminated, his symptoms subsided. The boy was monitored for 2 years
before the case was completely closed, but he suffered no residual impair-
ments or disabilities once he was over the acute phase.

Management

Presentation

It is helpful to stage chemical injuries as mild, moderate, and severe based
on symptoms and signs. Mild poisonings demonstrate few symptoms and
normal vital signs. Moderate poisonings demonstrate more severe symptoms,
objective signs, and normal vital signs. Severe poisonings demonstrate
multiple complaints, objective signs, and unstable (or abnormal) vital signs.
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Mild and moderate poisonings can usually be evaluated on an outpatient
basis. Once patients have been removed from exposure and decontaminated,
they rarely require treatment other than an antiemetic for nausea and vomit-
ing or topical steroids for a rash (1,8).

Severe poisonings usually require hospitalization and intensive physio-
logical support. Decontamination may include gastrointestinal lavage for
accidental or deliberate ingestion. In cases of suicide or homicide, one or
more poisons may be involved (2,12).

Removal from Exposure

Whether the patient is seen in the emergency department or the office, it is
imperative that the patient be removed from exposure until the symptoms
and causes of the illness can be diagnosed and decontamination assured.
Removal from exposure may not equate with complete removal from work.
It may be possible to return the employee to modified duty while the workup
and treatment are in progress. In mass causality situations, evacuation to a
safe location or sequestration in a secure building with the windows closed
and the air conditioning off may be necessary to prevent further inhalation
of the agents (4,12).

Resuscitation

In emergent cases where the vital signs are unstable and there is respiratory
arrest or cardiac arrest, aggressive resuscitation using the standard protocols
is indicated. If the patient is unstable with abnormal vital signs, decontami-
nation can be carried out simultaneously with resuscitation (1,3,4).

Decontamination

Decontamination includes removal of the offending chemical from the per-
son, clothing, and personal protective equipment. Decontamination of the
person should include a thorough irrigation of the eyes if they have been
subjected to any exposure. The sooner the eyes are irrigated, the less dam-
age that will occur and workers are taught to use eye irrigation stations near
their work site in the event of eye exposure. Careful attention should be
paid to scalp hair, the axillae, and pubic hair because they are usually
ignored in decontamination. Improved decontamination can be carried out
if screens or other mechanisms are used to ensure privacy when exposed
workers disrobe. Medical personnel are at risk of exposure during decont-
amination and should use protective measures, including chemical-resistant
gloves (2,12).

If the offending chemical is consumed, typically by eating contaminated
food in the fields, it may be necessary to decontaminate the gut. Recalling
that many agricultural chemicals are based on hydrocarbons, activated char-
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coal may be the best method so that vomiting won’t be induced, with its
accompanied risk of aspiration into the lungs (12).

It is typically impossible to decontaminate contaminated clothing. If they
are laundered, the laundry machines can become contaminated. They are
typically placed in plastic bags as chemical waste to be disposed of in com-
pliance with local rules, either by incineration or removal to a hazardous
waste depository.

Antidotes

Antidotes such as atropine, pralidoxime, and vitamin K are rare. In China,
studies have demonstrated that the use of antidotes brought people near
death when they didn’t have a pesticide injury. Atropine and pralidoxime are
useful as antidotes in organophosphate and carbamate poisoning when they
are used to treat bradycardia and hypotension, and in drying up copious
secretions (Table 13.5) (4,17,20).

TABLE 13.5. Antidotes and specific treatments.
Atropine Organophosphate Adults: 2-4 mg every 10—15 minutes
or carbamate poisoning to symptoms, i.v.
Children: 0.015 to 0.5 mg/kg every
15 minutes to symptoms, i.v.

Pralidoxime Organophosphate and Adults: 4 mg/kg over 4 to 6 hours or
(2PAM) carbamate poisoning 8 to 10 mg/kg/hr, i.v.
Protopam™ (cholinesterase or | to 2 g over 15 to 30 minutes, i.v.,
reactivant) repeated every 1 to 2 hours by
symptoms

Children: 25 mg/kg loading dose,
followed by 20 mg/kg/hr until
symptoms have abated

Vitamin K Coumadin (Rodenticide) Adults: 10 to 25 mg/kg p.o. or 2
Phytonadione to 5 mg p.o.
Mephyton™ 2.5 to 25 mg s.q. or i.m. (or rarely up

1

AquaMephyton™ to 50 mg) every 6 hours to
symptoms
Children: 5 to 10 mg/kg p.o. or 2.5 to
25 mg s.q. or i.v. every 6 hours adjusted
to severity of symptoms
Physostigmine Muscarinic effects of Adults: 2 mgi.v. and 1 to 2 mg every
anticholinesterase 20 minutes until response
chemicals; use in Children: 0.02 mg/kg i.v.
situations of severe
poisoning and excessive
agitation, long-lasting
seizures, and cardiac
arrhythmias

continued
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TABLE 13.5. Antidotes and specific treatments. (continued)

Diazepam Seizures in cholinesterase Adults: 5 to 10 mg i.v., s.q., or rectally
and carbamate poisoning Children: 1 to 5 mg, i.v., s.q., or rectally
Perchlorperazine Antiemetic Adults: 5 to 10 mg, p.o. every 6 to
Compazine™ 8 hours, 5 to 10 mg i.m. every 6
to 8 hours,

2.5 to 10 mg i.v. every 6 to 8 hours

to symptoms
Children: Not indicated under 2 years.
Over 2 years of age: 0.06 mg/lb every

6 to 8 hours
Promethazine Antiemetic Adults: 25 mg p.o. or i.m. every
(Phenergan) 4 to 6 hours

Children: 0.5 mg/lb every 4 to 6 hours
im. or p.o.

Source: Data from Tordoir et al. (4) and Ellenhorn et al. (17).

Reports

In jurisdictions where required, reports must be made to the workers’ com-
pensation insurance carrier and appropriate government agency.

Follow-Up

Serial examinations to follow chronic sequelae of chemical exposures may be
necessary. Work impairments and disability status require documentation
on an ongoing basis, especially if the patient is receiving disability payments.
A long-term treatment plan may be required by insurance companies.
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Fertilizers and Nutrients

HitosHI NAKAISHI AND JAMES E. LESSENGER

Key words: ammonia, nitrogen, phosphorus, potassium, micronutrients

A fertilizer is any substance used to make soil more fertile. Plants need large
amounts of three nutrients, commonly referred to as macronutrients:

1. Nitrogen
2. Phosphorus
3. Potassium

Fertilizer manufacturers extract these three nutrients from natural sources
and convert them into soluble forms that plants can easily use.

Nitrogen-Containing Fertilizers

Ammonia

Ammonia (NH,) is used as an applied fertilizer or as a building block for other
fertilizer products. At room temperature it is a colorless, flammable gas with a
pungent, suffocating odor. It becomes a clear, colorless liquid under increased
pressure and is usually shipped as a compressed liquid in steel cylinders. Anhy-
drous ammonia is the form used primarily in refrigeration and agriculture.
Ammonia is also stored as a refrigerated liquid under pressure and is injected
into the soil or irrigation water as a gas after being exposed to air.

Ammonia dissolves in water to form ammonium hydroxide, a basic corro-
sive solution. Concentrations of ammonium hydroxide vary from 5% to 10%
for household use and 25% or more for industrial use (1).

The American Conference of Governmental Industrial Hygienists
(ACGIH) occupational exposure limits for ammonia are 25 ppm for §-hour
time-weighted average (TWA) and 35 ppm for short-term exposure (less than
15 minutes). Advice on the correct medical treatment for exposed persons
must be available at all work areas (1).

The most common way for ammonia to enter the body is through the res-
piratory system (inhalation). Clinical results of ammonia inhalation can

144
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include coughing, hoarseness, wheezing, narrowing of throat, pulmonary
edema, upper airway obstruction, chest pain, runny nose, tearing of the eyes,
impaired vision, headache, and dizziness (2—4).

Ammonia irritates the skin and can cause chemical burns ranging from
mild to severe, depending on the concentration of the ammonia solution or
vapor and the length of time of the exposure. Concentrated vapor or solution
may cause pain, redness of the skin, and blisters. Liquefied ammonia
splashed or sprayed on skin can cause frostbite, tissue necrosis, or severe
burns. These burns are caused by a freeze-dry effect that can freeze and des-
iccate large areas of skin and produce deep ulcerations if not properly and
quickly decontaminated (5,6).

Ammonia, even at low concentrations, can irritate the eyes and cause burn-
ing, edema, photophobia, sloughing of the surface cells of the eye, and, in
severe cases, blindness. Immediate burning in the mouth and throat occurs
when ammonium hydroxide is swallowed, typically in a suicide attempt.
Ingestion of concentrated solution can cause severe pain in the mouth, chest,
and abdomen, swallowing difficulty, drooling, and vomiting. Burns and per-
foration of the esophagus or stomach can occur (6,7).

As the concentration of ammonia vapor increases, the symptoms of
exposure become more severe. Acute exposures to ammonia can cause
immediate burning of the eyes, nose, throat, and respiratory system and can
result in death. Itchy eyes, coughing, and a burning nose are warning signs
of potentially hazardous exposure levels. Continued short-term exposure
may lead to tolerance of the ammonia scent, and workers may no longer be
aware of ammonia’s presence and potentially increasing and dangerous
concentrations. The very young, the elderly, and people with pulmonary
problems are at an increased risk from the effects of ammonia exposure
(Table 14.1) (4-8).

Short-term exposures to ammonia do not often result in long-term or
chronic health effects, except for eye injuries. Long-term effects are usually
found with people who have repeated exposures to ammonia. These repeated
ammonia exposures can have chronic effects on the lungs, nose, and eyes.
Case reports have noted chronic inflammation of bronchi, airway hyperac-
tivity, and chronic irritation of the eye membranes. Some authors reported

TABLE 14.1. Symptomatology at various exposure levels.

Ammonia concentration (ppm) Effect on health

100 Concentration can be tolerated for several hours

400 Throat irritation

700 (visible cloud) Eye injury, lung irritation, skin irritation

1700 Laryngospasm, coughing, glottal edema, labored
breathing

2500 A half-hour exposure can be fatal

5000 or greater Death results from cardiorespiratory arrest

Source: Data from Lessenger (8).
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interstitial lung disease due to repetitive occupational exposure to ammonia.
Consequences of chronic exposure may also include pneumonia, kidney
damage, cataracts, glaucoma, ulceration and perforation of the cornea, and
blindness (7,9).

Before working with ammonia, workers should be trained in its proper
handling and storage and should know how to use proper personal protective
equipment (7,9).

Materials Management

Ammonia should be stored in a cool, dry, well-ventilated area and in tightly
sealed containers protected from exposure to weather, extreme temperature
changes, and physical damage. It should be separated from oxidizers, com-
bustible materials, heat, sparks, and open flame. As a liquefied gas, ammonia
is flammable. Sources of ignition usually include smoking or open flames.
Ammonia is considered a strong oxidizer, and steps should be taken to sepa-
rate ammonia and ammonia products from incompatible materials such as
copper, brass, bronze, galvanized steel, tin, or zinc (10).

Personal Protective Equipment

Workers can avoid skin contact with ammonia by wearing protective gloves and
chemical-resistant clothing when handling ammonia. The U.S. National Insti-
tute for Occupational Safety and Health (NIOSH) recommends that workers
wear gloves made of butyl, Teflon, or Viton for up to 8 hours of exposure, and
nitrile gloves for up to 4 hours of exposure. Workers should also wear safety
glasses when handling cylinders. During change-out of tanks or when exposure
to gas is a risk, workers should wear vapor-proof goggles and a face shield. Res-
piratory protection should be approved by NIOSH specifically for ammonia
and used in accordance with the Occupational Safety and Health Administra-
tion (OSHA) Respiratory Protection Standard (9,10). Under routine exposures
where the ambient concentration of ammonia exceeds 25 ppm, the workers
should use an air-purifying, full-face respirator equipped with chemical car-
tridges appropriate for ammonia. For exposures of unknown concentrations of
ammonia, such as uncontrolled releases, only a pressure-demand, self-contained
breathing apparatus (SCBA) is appropriate. Respirator use must be limited to
individuals who have been adequately trained, have undergone a qualifying
medical examination, and have been fitted for the respirator face piece. Refer to
the Process Safety Management of Highly Hazardous Chemicals Standard.
Ammonia presents a potential for a catastrophic event at or above the threshold
quantity of 10,000 ppm according to the List of Highly Hazardous Chemicals,
Toxics and Reactives (Mandatory) (in 29 CFR 1926.64 Appendix A) (11,12).

Anhydrous ammonia is used in vast quantities in worldwide agriculture. As
a consequence, exposures to it can be used as a prototype for exposures to
other fertilizers and nutrients.
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First-Aid Management

If an ammonia spill or leak occurs, it is very important to remove the exposed
person(s) to fresh air. Notify fire and company safety personnel. If the
worker is contaminated with ammonia, follow these steps for decontamina-
tion prior to administering first aid:

1. If the worker is not breathing, begin artificial respiration.

2. If the worker is breathing, place him or her in a seated position or lying
down with the head and upper body in an upright position. Encourage
slow, deep, regular breaths. Administer oxygen as soon as possible.

3. Keep the person warm and quiet. Seek medical attention. Persons with
serious symptoms may need to be hospitalized (9).

Decontamination

Clothing or skin soaked with ammonia solutions may be caustic and
expose rescuers, as well as workers, to vapors. To decontaminate, all
soaked clothing should be removed from the worker and immediately
double-bagged. Exposed skin and hair should be irrigated with water for
15 minutes, and seek medical attention immediately if frostbite has
occurred. Do not rub the skin. Care must be exercised in removing the
clothing as the cloth may be frozen to the skin and if the cloth is rapidly
removed, whole slabs of skin may come with it. Exposed or irritated eyes
should be flushed with water or saline solution for 15 minutes. Contact
lenses should be removed. For ingested ammonia, give the worker at least
two glasses of water or milk immediately and remove to an emergency
department or similar facility (8,9).

Hospital Care

Decontamination needs to be ensured as soon as the injured worker reaches
the hospital to limit the extent of the injuries and avoid contamination of
hospital workers. Table 14.2 provides a triage guide to separate injured work-
ers into treatment categories. Severe eye injuries require ophthalmological
consultation; severe lung injuries require aggressive management with oxy-
gen, antibiotics, bronchodilators, and steroids. Skin burns may require
aggressive decontamination and open management to allow for the degassing
of the ammonia from liquefaction of the wounds. Full-thickness burns may
eventually require grafts.

Spill Management

Ammonia spills can become increasingly dangerous if they are not contained
promptly. Table 14.3 summarizes the actions to be taken if a spill has
occurred.



TABLE 14.2. Ammonia emergency triage guide.
Severity Findings and disposition Findings

Mild Symptoms Mild catarrhal symptoms
Stinging in eyes and mouth
Pain on swallowing
Tightness of the throat

Vital signs Stable and normal
Signs Good color
Swelling of eyelids

Reddening of lips, mouth tongue
Odor of ammonia

Minimal throat edema

Normal chest sounds

Disposition Can usually be sent home with
minimal treatment
Moderate Symptoms Burning of eyes, mouth throat
Tightness of chest
Hoarseness
Difficulty swallowing
Vital signs Abnormal or normal
Signs Cough, productive of tenacious,

blood-stained sputum
Conjunctiva and eyelids swollen
Tearing mucous membrane with edema
and patches of denuded tissue
Rales and rhonchi on chest examination

Disposition Admission, treatment and further tests
Severe Symptoms Decreased level of consciousness
and extreme pain
Vital signs Unstable and abnormal
Signs Shock

Pulmonary edema
Severe respiratory distress
Corneal and skin burns
Disposition Admission, intensive care;
cardiopulmonary support

Source: Data from Brautbar et al. (7) and Lessenger (8).

TABLE 14.3. Response to a anhydrous ammonia spill.

Notify trained response personnel immediately. Untrained persons or those without proper
personal protective equipment must not enter areas with high concentrations of ammonia or
visible vapor clouds.

Evacuate people for at least 50 feet in all directions and have them stay upwind from the
ammonia release. If evacuation is impossible, people should be sheltered in a building with
the doors and windows shut and air conditioners turned off.

Stop or control the source of exposure. If the exposure is from a leaking cylinder, take the
cylinder outdoors or to an open area until it has completely drained and the contents have
evaporated.

Ventilate potentially explosive atmospheres by opening windows and doors.

Keep combustibles such as wood, paper, and oil away from the leak.

Remove all sources of heat and ignition.

Refer to the manufacturer’s Material Safety Data Sheet (MSDS) for more information.

Source: Data from McCunney (9).
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Case Study

A 22-year-old man was running a hose from an anhydrous ammonia tank to
a water standpipe to allow the ammonia to bubble into the irrigation water
to fertilize crops. As the worker turned on the ammonia, the hose ruptured,
spraying the worker on his leg with a stream of ammonia and releasing a
cloud of ammonia vapor. The worker collapsed to the ground. A coworker
who witnessed the release approached the tank from upwind, and shut the
spray off at the valve on the top of the tank. The coworker drove the worker
to the emergency room where the exposed worker was found to have a large
part of his left trousers leg frozen to his thigh. His eyes were erythemic, but
his lungs were clear to auscultation. Immediately, his eyes were irrigated with
copious amounts of normal saline and the frozen area of his thigh gently
warmed with tap water until the cloth fell off on its own and without tugging.

The freeze-burns were copiously irrigated and left open to the air to off-gas
(Figure 14.1).

FIGURE 14.1. Chemical freeze-burn on a thigh caused by anhydrous ammonia. (Photo
by James E. Lessenger.)
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A week later, the eye complaints were resolved. It took a full 2 months for
the freeze-burns to resolve, but the patient was left with areas of permanent
hyperpigmentation where the burns had been.

Case Discussion

This worker’s fellow employees missed the opportunity to flush his eyes out
with water and irrigate the injured area in the field. As a consequence, his
injuries were worse than they could have been. Ammonia, as an alkali, forms
viscous skin liquefaction when it comes in contact with skin, as opposed to
acids, which cauterize the wound. The viscous liquefaction contains ammo-
nia that continues to propagate the wound until it degasses or becomes dilute.
As a consequence, the wound needs to be copiously irrigated and ointments
and creams avoided (6-8).

Urea

Urea [(NH,), CO] is a solid nitrogen product typically applied to crops in
granular form. It can also be combined with ammonium nitrate and dis-
solved in water to make liquid nitrogen fertilizer. Urea can be absorbed into
the body by inhalation of its aerosol and by ingestion. Urea’s evaporation
point at 20° C is negligible. A nuisance-causing concentration of airborne
particles can be reached quickly if urea is powdered (11,12).

Urea irritates the eyes, skin, and respiratory tract. Urea inhalation pro-
duces cough, shortness of breath, and sore throat. Exposure to skin or eye
evokes redness. Ingestion may produce convulsions, headache, nausea, and
vomiting. Repeated or prolonged contact with skin may cause dermatitis. To
prevent such effects, rinse and wash skin with water and soap and rinse the
eyes with plenty of water. In case of ingestion, allow the patient to drink
plenty of water to dilute the urea (12,13).

Ammonium Nitrate

Another solid nitrogen product typically applied in granular form,
ammonium nitrate (NH,NO,) does not have any reported occupational
health problems. The dust arising from ammonium nitrate is of low
toxicity and is generally regarded as a nuisance dust; 10 mg/m?® (for an
8-hour exposure) is accepted as the permitted level provided the particle
size is above 5 fm. Ammonium nitrate may decompose in a fire, and stor-
age areas should be suitably designed for the presence of combustible
material with easy access to stacks of bags, with spacing between stacks.
Oxides of nitrogen are emitted during decomposition of ammonium
nitrate (14).
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Ammonium Sulfate

Ammonium sulfate [(NH,),SO,] is a solid product that is largely a by-prod-
uct of coke ovens where sulfuric acid is used to remove ammonia evolved
from the coal. Its oral human median toxic dose (TD,) is 1500 mg/kg, the
domestic animal median lethal dose (LD ) is 3500 mg/kg, and rat lethal dose
(LD is 3000 mg/kg. No known adverse chronic effects are associated with
ammonium sulfate (15,16).

The material consists of brownish gray to white crystals or granules.
Ammonium sulfate is moderately irritating to the eyes and skin, especially
with prolonged contact to dust. Inhalation may cause sore throat, coughing,
or shortness of breath. It is moderately toxic by ingestion and may cause sore
throat, abdominal pain, diarrhea, nausea, and vomiting. Animal studies sug-
gest that ulceration or hemorrhage of the gastrointestinal tract can occur.
Systemic ammonia poisoning is possible if sufficient absorption occurs (16).

Ammonium sulfate does not burn but decomposes at 282°C to release
ammonia gases and sulfur oxides. Individuals with asthma may be at
increased risk from exposure to ammonium sulfate (16-18).

First-Aid Measures

These measures are the same as for anhydrous ammonia.

Spill Management

Firefighters should wear a National Institute for Occupational Safety and
Health (NIOSH) approved self-contained breathing apparatus with a full
face piece and protective clothing to prevent contact with skin and eyes. Use
a water spray to cool fire-exposed containers. Do not spray water directly on
the material. Accidental mixing with oxidizers like potassium chlorate, potas-
sium nitrate, or potassium nitrite may result in an explosion hazard during
fires. Sulfur oxides and ammonia gases may be formed in fires involving
ammonium sulfate (10-12).

Storage and Use

Workers should wear personal protective equipment and avoid contact with
skin, eyes, and clothing. Workers must avoid breathing dusts, wash thor-
oughly after handling, and use with adequate ventilation. Contaminated
clothing should be laundered before reuse.

Ammonium sulfate should be stored in a cool, dry area, away from strong
oxidizers. For exposure control and personal protection, natural or mechan-
ical ventilation sufficient to maintain levels below the recommended exposure
levels should be provided. In adequately ventilated areas, respiratory protec-
tion is not required. For exposure above the threshold limit value (TLV), a
NIOSH-approved dust respirator should be used.
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For eye protection, indirectly vented safety goggles are recommended
against nuisance dust containing ammonium sulfate. Workers handling such
dust should not wear contact lenses. For skin protection, workers handling
ammonium sulfate should wear long-sleeved shirt and pants or coveralls and
work gloves to minimize skin contact. An eyewash station and safety shower
should be provided that are convenient to the work area.

Ammonium sulfate should not be stored or used near oxidizers, peroxides,
potassium chlorate, potassium nitrate, sodium nitrate, metal chlorates, and
strong bases. It is corrosive to carbon steel, copper, and copper alloys and
should not be heated above 100°C to avoid decomposition (10-12).

Phosphorus-Containing Fertilizers

Monammonium phosphate (MAP) and diammonium phosphate (DAP)
are called ammoniated phosphates because phosphoric acid is treated with
ammonia to form these basic phosphate products that also contain nitro-
gen. They are widely produced in the granular form for blending with
other types of fertilizers and are also produced in nongranular forms for
use in liquid fertilizers. MAP and DAP can be toxic to the lungs in high
concentrations. There are several emission standards for hazardous air
pollutants from phosphoric acid and phosphate fertilizer production
(18,19).

Potassium-Containing Fertilizers

After potassium is mined as potash, potassium chloride (KCI) is separated
from the mixture, resulting in a granular fertilizer.

As an inhalation risk, evaporation at 20°C is negligible. A nuisance-
causing concentration of airborne particles can be reached quickly when
dispersed, especially in powdered form. Inhalation of KCI causes cough and
sore throat, and exposure to the substance brings about eye redness or pain.
Therefore, workers handling KCI should wear safety goggles. Exposed eyes
should be rinsed with plenty of water for several minutes and contact
lenses should be removed. Medical consultation should be sought as soon as
possible.

Potassium chloride can be absorbed into the body by accidental or delib-
erate ingestion. When potassium chloride is ingested, diarrhea, nausea and
vomiting, and sometimes weakness or convulsions may be evoked. KCI
poisoning results in cardiac dysrhythmias when ingested at high amounts.
To avoid such incidents, workers should be prohibited from eating, drink-
ing, or smoking during application of fertilizer. In cases when ingestion
is suspected, the mouth should be rinsed. In conscious persons, induce
vomiting (20).
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Micronutrient Fertilizers

Micronutrients are typically not combined with insecticide or fungicide
sprays unless the manufacturer’s directions indicate that this may be done.
They can be applied to soil, irrigation water, or directly to the foliage of the
plants.

Calcium

Airflow obstruction is reported among workers handling limestone. Results
of human exposure to elemental calcium or carbonates is limited to contact
dermatitis, irritation of the eyes, and lung irritation if the dusts are inhaled.
There are no specific treatments or antidotes (21).

Magnesium

Magnesium (Mg) is a minimally toxic substance in agriculture. If swallowed,
large amounts of concentrated solution can be fatal, due to cardiac dys-
rhythmias. Magnesium can also cause contact dermatitis and eye irritation.
Magnesium competes with calcium in the body, so calcium can be used as an
antidote in magnesium poisoning. The adult dose of calcium gluconate is 10
mL of 10% solution over 15 minutes (22).

Manganese

Workers chronically exposed to manganese-laden dust in agricultural settings
develop neuropsychological changes that resemble Parkinson’s disease. Acute
renal failure following ingestion of manganese-containing fertilizer is
reported. After decontamination, treatment is supportive (23,24).

Zinc

Zinc oxide is the most common cause of metal fume fever, a condition char-
acterized by shortness-of-breath, fatigue, cough, dyspnea, leukocytosis,
thirst, salivation, and an elevated temperature caused by the inhalation of
metal fumes. The most common source of metal fume fever and zinc expo-
sure in agriculture is through welding zinc-coated metal products. Other
causes of metal fume fever are fumes of copper, magnesium, aluminum,
antimony, iron, manganese, and nickel. Metal fume fever from agriculture
micronutrients has not been described in the literature. The condition is usu-
ally self-limiting and treatment is supportive (25).
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Copper

Copper sulfate is a gastric irritant that produces erosion of the lining of the
gastrointestinal tract. Chronic copper toxicity is rare and primarily affects the
liver. Copper poisoning in agriculture is rare and is usually associated with
metal fume fever or accidental ingestion. Treatment is supportive and, in the
case of ingestion, requires cathartics and activated charcoal (26).

Boron

In humans, chronic, low-level boron exposure has been shown to cause
growth retardation, cutaneous disorders, and suppression of the male repro-
ductive system function. Treatment is limited to removal from exposure and
treatment of cutaneous disorders by decontamination and topical steroids
(27,28).
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Plant Growth Regulators

LouUlsE FERGUSON AND JAMES E. LESSENGER

Key words: plant hormones, auxins, gibberellins, cytokinins, ethylene, abscisic
acid, phenolics alkaloids

Plant growth regulators (PGRs) were first discovered in plants at the begin-
ning of the 20th century. An endogenous PGR is a plant hormone, in aca-
demic terms “an organic compound synthesized in one part of a plant and
translocated to another part of a plant where, in very low concentrations, it
causes a physiological response” in the plant. As knowledge and commercial
use of PGRs grew, compounds formerly extracted could be synthesized. Thus
PGRs are now both natural (extracted) and synthetic (synthesized) in origin.
Even if a synthesized PGR is identical in structure to a hormone extracted
from a plant, it is not considered a plant hormone (1).

Use of Plant Growth Regulators in Agriculture

In agricultural application a PGR is defined as “a substance used for con-
trolling or modifying plant growth processes without appreciable phytotoxic
effect at the dosage applied.” In order for a PGR to be registered by the U.S.
Environmental Protection Agency, its use, as recommended on the label,
must be safe for the plant, its applicator, and the environment as far as can
be feasibly determined. Thus, neither plant nor human injury is to be
expected from most properly applied PGRs (2).

The PGRs are divided into five general groups of compounds based on their
chemical structures and effects on plants. The groups are auxins, gibberellins,
cytokinins, ethylene, and a group called inhibitors, which includes abscisic acid,
phenolics, and alkaloids. Some new PGRs do not fit neatly into these classifica-
tions but are described as having effects that resemble those for known PGRs.
For example, cytokinin-like is a term used to describe new products extracted
from seaweed products. A new PGR may be developed to counter the effects of
a known plant hormone by interfering with natural plant hormone production.
A general description of each growth regulator’s effect on plant growth follows.
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Auxins

Auxins stimulate cell division and elongation, stimulating a plant stem to
grow taller, or in a specific direction.

Gibberellins

Gibberellins stimulate extension growth of plants and delay aging. This gen-
erally produces a plant that grows and produces faster, or fruit peels that
remain green longer than an untreated plant.

Cytokinins

Cytokinins affect cytokinesis, or cell division, cell enlargement, dormancy,
flowering and fruiting, and senescence. In agricultural application this trans-
lates into propagating new plants in the nursery, breaking seed dormancy, or
delaying senescence.

Ethylene

Ethylene affects growth, ripening, and senescence in plants. In agricultural
applications it is used primarily to promote ripening.

Abscisic Acid

Abscisic acid generally inhibits growth and germination and promotes
dormancy.

Phenolics

Phenolics affect the metabolic system of plants. In agricultural application,
phenolics are used primarily to delay abscission of fruits.

Toxic Effects of Plant Growth Regulators

Details of the effects of some representative PGRs on various species, includ-
ing humans, are given in Table 15.1. If properly used, PGRs have an excellent
safety record. However, if the wrong concentration is used, if safety equip-
ment is not properly used, or if the application times are not correct, poison-
ing can occur in plants, animals, and humans.

A good example is hydrogen cyanamide. This PGR is considered very
effective and economical in assuring uniform bud break in crops including
peaches, kiwis, and grapes. Uniform maturation of buds results in the uni-
form ripening of the fruit so that all the fruit on one tree can be harvested at



TABLE 15.1. Plant growth regulators.

Compound
Chemical name
Common name
Trade name

Target crop

Action on plant

Sentinel human effect

Chemical name:
(o-cyclopropyl-
o-(4-methoxyphenyl)-
S-pyrimidine methanol)

Common name(s):
ancymidol
(registered with EPA)

Trade name(s) and
manufacturer(s):

(A-Rest®)

Dow Elanco & Co.

A-Rest® controls the height
of container-grown lilies,

poinsettias, chrysanthemums,

dahlias, tulips, and foliage
and bedding plants;

effectively reduces internode
elongation, resulting in more

compact plants

A-Rest® is a plant growth

regulator that reduces
internode elongation

® Acute toxicity (ancymidol)
Mouse: LD, 5000 mg/kg
Rat, adult: LD, 4500 mg/kg
Rat, newborn: LD, 350 mg/kg
Dog: LD, > 500 mg/kg (emesis)
Monkey: LD, > 500 mg/kg (emesis)
Chicken: LDy, > 500 mg/kg

For A-REST®, the oral LDy in rates is
> 5 mL/kg

e Subacute toxicity: all rats survived without
significant toxicity when fed 8000 ppm of ancymidol
for 3 months. Dogs given daily oral 200 mg/kg doses
of ancymidol for 3 months survived without
significant toxicity

Dermal toxicity and inhalation dangers: when
ancymidol and A-REST® at a concentration of
5 mg/L of air were applied to the back of rabbits,
subjects were unaffected

Chemical name:

n-(phenylmethyl)-9-
(tetrahydro-2h-pyran-2-yl)-
9h-purine-6-amine

Common name(s):
SD8339 (registered
with EPA)

Increases the number of
lateral branches developed
on chrysanthemums,
carnations, and roses

Synthetic cytokinin, which

stimulates growth of dormant
lateral buds in several
plant species

e General toxicity to wildlife and fish: TLM
—96 hr — 52 mg/L (blue gill)
TLM - 24 hr - 3 mg/L (trout)

® Acute toxicity—LDy, 926 mg/kg (mice),
1640 mg/kg (rats)

e Subacute toxicity—NEL >
10,000 ppm (mallard)
NEL > 4,640 ppm (bobwhite quail)



Trade name(s) and
manufacturer(s):
ACCEL®
Plant Growth Regulator,
Abbott Laboratories

e Chronic toxicity—no teratogenic effect at
320 mg/kg in rabbits

® Dermal toxicity and inhalation dangers—no
identified hazards at use concentrations

Chemical name:

(2-chloro-n-[2,6-dinitro-4-
(trifluoromethyl)-
phenyl]-n-ethyl-6-
fluorbenzenemethanamine

Common name(s):
CGA-41065M, PRIME+

Trade name(s) and
manufacturer(s):
PRIME + 1.2E

Chemical control of axillary
bud (sucker) growth after
topping the floral portion
of tobacco

There is no information on
the mechanism of action of
CGA-41065 in controlling the
growth and development of
tobacco suckers

Interferes with cell division by
binding to tubulin, preventing
tubulin from forming
microtubules which are required
for proper spindle development
and mitotic division

® Acute toxicity to mammals

CGA-40065
Technical Prime + 1.2E
Acute oral LD, >5000 mg/kg 4400 mg/kg
(rat)
Acute dermal LD, >2000 mg/kg 2010 mg/kg
(rabbit)
Eye irritation Moderately Corrosive on
(rabbit) Irrigating contact
Primary skin Mildly Moderately
irrigation irritating irritating

Chemical name:
Gibberellic acid

Common name(s):
Gibberellic acid, GA,
(registered with EPA)

Trade name(s) and
manufacturer(s):

Berelex (ICI), observed
Gib-Tabs (Microbial
Resources), Gib-Sol
(Microbial Resources),
Pro-Gibb (Abbott), Pro-Gibb
Plus (Abbott)

Improving fruit set of
blueberries with insufficient
pollination; used for better
color, firmer fruit, larger fruit,
and to prolong the harvest
period of cherries; used to
reduce cherry flowering and
fruiting to minimize the
competitive effect of early
fruiting on tree development;
for cluster loosening and
elongation and berry size
increase of grapes

GA, is a growth promoter; it
accelerates vegetative growth
of shoot producing larger
plants; mostly due to cell
elongation but sometimes cell
multiplication may be involved;
induces flowering by breaking
dormancy

® Acute toxicity—oral administration of massive
single doses of 1 g kg™! produced no toxic
symptoms in rats; mice — 15 g kg™! no toxic
symptoms

e Subacute toxicity—dogs and rats have no ill effects
from daily doses of 1 g kg™ 6 days per week for
90 days; one group of rats has been fed for
14 months, no toxic symptoms observed

® Chronic toxicity—no ill effect on rats fed 5 to
8 weeks with 5% GA, in diet; no changes found in
organs tissue; guinea pigs — no toxic signs fed with
kale for 3 months, treated with 250 ppm.

continued



TABLE 15.1. Plant growth regulators. (continued)

Compound
Chemical name
Common name
Trade name

Target crop

Action on plant

Sentinel human effect

Chemical name:

1.1-dimethyl-piperidinium
chloride

Common name(s).

Mepiquat-chloride
(registered with EPA)

Trade name(s) and
manufacturer(s):

PIX-BAS 08300E by
BASF Wyandotte Corp.

Systemic plant growth regulator

for limiting undesired
vegetative growth of the
cotton plant; reduces growth,
increases boll set; affects
maturity, yield, boll rot

Decreases plant height, increases
boll set and yield; inhibits all
elongation and node formation
and increases leaf mesophyll
structure; possibly inhibits
biosynthesis of gibberellin acid

Acute oral toxicity—oral LD, (rats) = 1420 mg/kg;
no eye irritation

Dermal toxicity and inhalation dangers—acute
dermal LDy, (rats) is greater than 5000 mg/kg;
inhalation toxicity (rats) no reaction after

4-hour exposure

Chemical name:

n-[2,4-dimethyl-5-
[[(trifluoromethyl)-sulfonyl]
amino]phenyl]acetamide

Common name(s):
Mefluidide (WSSA, ANSI)
(registered with EPA)

Trade name(s) and
manufacturer(s):
EMBARK®
2-s PBI/Gordon Col.

Regulates the growth of

various species of turf
grasses and broadleaf
vegetation by suppressing
seed-head formation

Inhibition of growth and
development of the
meristematic regions of
responsive plants

Acute toxicity

Mice oral LDy 1920 mg/kg

Rats oral LD, > 4000 mg/kg

Rabbits > 4000 mg/kg
dermal LD,

Subacute toxicity

Dogs 90-day feeding “no effect” at 1000 ppm in diet
Rats 90-day feeding “no effect” at 6000 ppm in diet
Chronic toxicity—in lifetime feeding studies with

rats and mice no adverse effects related to ingestion
of mefluidide at a dose level of 600 ppm in the diet
were observed. Reproduction and pup survival were
not affected by mefluidide up to 6000 ppm in the

diet during a 18-month 3-generation study with rats



Dermal toxicity and inhalation dangers—rabbits
primary skin irritation study: no irritation to
abraded and nonabraded skin; rats 4-hour acute
aerosol inhalation LD, > 8.5 mg/L air

Chemical name:
1-naphthaleneacetic acid

Common name(s):
NAA (registered
with EPA)

Trade name(s) and
manufacturer(s):

NAA-800; Fruitone®;
In Rootone® Rhone-
Poulenc Ag Company
Products Co., Inc.

Thin apples, olive and pear Auxin activity
blossoms; control apple
and pear preharvest drop;
stimulate root formation

Acute toxicity (rats)—LD;, approximately 1000 mg/kg
body weight

Chronic toxicity—S8-day dietary LC,; (bobwhite
quail): acute LC, estimated to be greater than
10,000 ppm; 8-day dietary LC,, (mallard duck):
acute LC,, estimated to be greater than 10,000 ppm
Dermal toxicity and inhalation dangers—

acute dermal toxicity (rabbits)—LDy, greater than
5.0 mg/kg body weight; not considered to have
potential as a primary skin irritant; primary

eye irritation (rabbits)—considered an eye irritant;
acute inhalation toxicity (rats)—not considered toxic
by the route of administration

Chemical name:

ga,-(lo, 2B,4a0,4bp,10B)-
2.4a-dihydroxy-
1-methyl-8-methylene
gibbane-1,10-dicarboxylic
acid,1,4a-lactone

ga,-(lo, 2B,4a0.,4bpB,108)-2,
4a-dihydroxy-1-methyl-8-
methylene gibb-3-ene-1,
10-dicarboxylic acid, 1,
4a-lactone

Spray gynoecious cucumbers Close similarity in growth
to develop male flowers regulating activity of GA, but
differs in its capability of
influencing growth in some
species in ways not achievable
with gibberellic acid

Acute toxicity—the acute oral LD, of gibberellin A,
A, is >500 mg/kg (for mice)

Dermal toxicity and inhalation dangers—avoid

use in poorly ventilated areas

continued



TABLE 15.1. Plant growth regulators. (continued)

Compound

Chemical name

Common name

Trade name Target crop

Action on plant Sentinel human effect

Common name(s):
Mixture of GA,+ GA,
(registered with EPA)

Trade name(s) and
manufacturer(s):

Pro-Gibb 47, Abbott Labs
Regulex, ICI Plant Protection

Chemical name(s): Increases red delicious apple

ba-6-benzylamino purine size, weight

Ga,-(1o,, 2B,4a0.,4bB,10B)-2,
4a-dihydroxy-1-methyl-8-
methylene gibbane-1,
10-dicarboxylic acid, 1,
4a-lactone

ga,-(lo, 2,4a0,4bp,10B)-2,
4a-dihydroxy-1-methyl-8-
methylene gibb-3-ene-1,
10-dicarboxylic acid, 1,
4a-lactone

Common name(s):
Mixture of BA + GA, + GA,
(registered with EPA)

Gibberellin activity ® Acute toxicity: the acute oral LD of N-(phenyl

methyl)-1H-purine on mice is 1690 mg/kg, while
for gibberellin A,,A, it is greater than 500 mg/kg

® Dermal toxicity and inhalation dangers: promalin
is nonirritating in dermal toxicity testing but does
cause injury to the eye



Trade name(s) and
manufacturer(s):
Promalin, Abbott Labs

Chemical name:

(2-chloroethylphosphoric
acid)

Common name(s):

Ethephon (ANSI)
(registered with EPA)

Trade name(s) and
manufacturer(s):

CERONE®,
ETHREL®, Plant
Regulator, ETHREL®
Pineapple Growth
Regulator, PREP,

CHIPCOR®, FLOREL™
Plant Growth Regulator —
Rhone-Poulenc Ag Company

Apples: promoting fruit Releases ethylene in plant tissues
maturity and loosening fruit;
promoting uniform ripening
and coloring of red varieties
without loosening fruit;
increasing flower bud
development on young trees

Cantaloupes.: promoting
fruit abscission

Cherries: uniform ripening
and loosening fruit, increasing
dormant fruit bud hardiness,
and delaying spring bloom
of sweet cherries in the
Pacific Northwest.

Cotton: accelerating uniform
boll opening

Cucumbers and squash: modifying
sex expression for seed production

Daffodils: use a drench for
shortening stems of forced bulbs.

Geraniums. to increase
branching

Greenhouse roses: use for basal
bud stimulation

Peppers: early, uniform ripening
and coloring fruit

Acute toxicity: rats—LD,, 4229 mg/kg body weight
Subacute toxicity: 8-day dietary LC,; (mallard
ducks) 196 LC, greater than 10,000 ppm; static
96-hour toxicity (blue-gill sunfish)—TL, estimated
to be about 311 ppm Static 96-hour toxicity
(rainbow trout)—TL,  estimated to be about

357 ppm

Chronic toxicity: considered noncarcinogenic,
nonmutagenic, nonteratogenic

Dermal toxicity and inhalation dangers: acute
dermal irritation (rabbits)—5730 mg/kg—a single
instillation of 0.1 ml of Ethrel into the eye showed
corneal damage in the nonirrigated group at day

14 whereas the irrigated group had recovered; acute
inhalation toxicity (rats)—inhalation of 2 mg/L air
caused signs of irritation during 1 hour exposure;
all animals appeared normal during 14 days
following exposure

continued



TABLE 15.1. Plant growth regulators. (continued)

Compound
Chemical name
Common name
Trade name

Target crop Action on plant

Sentinel human effect

Tobacco: hastening “yellowing”
of mature tobacco and
reducing curing time

Tomatoes: accelerating and
concentrating fruit ripening

Walnuts: loosening walnuts
and improving full removal

Chemical name:

Butanedioic acid mono (2,2-
dimethylhydrazide) (formerly
succinic acid-2,2-
dimethylhydrazide)

Common name(s):

Daminozide (ANSO, ISO,
BSI),; Former literature
references include SADH,
B995, B9, and aminozide.
Note: Food uses will be
canceled. Ornamental uses
remain in effect.

Trade name(s): and
manufacturer(s):

ALAR-85, KYLAR-85,
B-NINE-SP by
Uniroyal Chemical

Used on fruit-bearing trees,
peanuts, ornamentals, grapes,
and tomatoes; daminozide
has a wide range of effects,
from retarding vegetative
growth, to controlling
harvest quality factors,
increase red color in apples,
to concentrating maturity

Plant growth regulant of
unknown mechanism

Acute toxicity: acute oral LD, (rat): 8,400 mg/kg
Subacute toxicity: in a 90-day feeding study with
rats, technical-grade daminozide had no adverse
effect when fed at 43,200 ppm in a daily diet
Chronic toxicity: a 2-year feeding test with rats

and dogs indicated that technical-grade daminozide
had no adverse effect at 3000 ppm in the daily diet
(highest rate tested); a three-generation reproduction
and lactation study with rats fed 300 ppm
technical-grade daminozide in the diet showed no
significant effect on either fertility or reproductive
capacity

Dermal toxicity and inhalation dangers:

Acute dermal LD, (rabbit): > 5000 mg/kg

Acute inhalation LC, (rat): > 147 mg/L

Symptoms of poisoning: no known symptoms




Chemical name:
2-chloroethyltrimethyl
ammonium chloride

Common name(s):
Chlormequat chloride( BSI);
other names are CCC,
chlorocholine chloride,
El 38,555 (Registered
with EPA)

Trade name(s) and
manufacturer(s):

CYCOCEL®
Plant Growth Regulant,
American Cyanamid
Company; HORMOCEL,
All India Medical Corporation

Pears and apples: promotion
of fruit bud formation,
and increasing yields; also
allows young trees to
bear sooner

Azaleas: to produce early
budded, compact symmetrical
plants for use in commercial
forcing of early
blooming azaleas

® Acute toxicity: LD, oral: male
albino rats 0.48-0.94 g/kg

e Subacute toxicity: repeated feeding to rats for
29 days at 500, 1000, and 2000 mg/kg; all animals
had normal behavior and food intake and weight
gain of the test rodents remained within
normal limits

® Chronic toxicity: 12 months of feeding of rats at
500 and 1000 ppm gave no symptoms of
poisoning, differences in mean body weight,
appearance or behavior, no differences in various
hematological and clinical chemical determinations,
and no untimely deaths were observed; in 12-month
feeding studies with dogs on a diet containing
300 ppm (calculated on dry weight), regular
examination of animals showed no gross or
microscopic pathology referable to the compound;
determinations of acetyl-cholinesterase
in erythrocytes and plasma made after 4, §, and
12 months on test indicated that the compound
had no effect on red blood cells or plasma

Chemical name:

(£)-1",r")-B-[(4-chlorophenyl)
methyl]-o-(1,1-dimethylethyl)-
1h-1,2,4-triazole-1-ethanol

Common name(s):
Paclobutrazol
(registered with EPA)

Trade name(s) and
manufacturer(s):

Clipper® Tree Growth
Regulator

Tree growth retardant Inhibitor of gibberellin

biosynthesis

® General toxicity to wildlife and fish: contains
methanol and cannot be made nonpoisonous
e Symptoms of poisoning: same as methanol

Source: Data from Cutler and Schneider (2).
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the same time. For many years hydrogen cyanamide was used as a medication
for the treatment of alcoholism in humans (albeit in much smaller concen-
trations than is used on plants). The chemical causes an Antabuse reaction in
people who consume alcohol, including nausea, vertigo, hypotension, and, in
extreme cases, circulatory collapse and death. Therefore, people who mix and
apply the chemical must wear full protective ensembles, used closed air sup-
ply cabs for the tractors, and never consume any alcohol in liquid form or as
a perfume or after-shave. Care must be exercised to isolate the field until the
reentry period has passed. Treatment is supportive (see Chapter 13) (3,4).
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World pesticide use exceeded 5.6 billion pounds of active ingredient (Al) in
1999, the latest year for which figures are available. Herbicides (chemicals
used to control plants, usually weeds) accounted for the largest proportion
(38%). Insecticides and fungicides were 25% and 10% of the total used,
respectively (1).

The United States used 1.2 billion pounds of Al or more than 20% of the
world’s pesticide consumption. Herbicides were the largest category of use
(46%), but insecticides were only 9% and fungicides 7% of the total pesticide
market. While fungicide use in the United States and world markets is simi-
lar, insecticides are much more heavily used globally primarily due to the
need for more widespread mosquito control (1).

Other pesticides account for 27% and 38% of the world and United States
pesticide use, respectively. Categories included in other pesticides category
are nematicides, fumigants, rodenticides, molluscicides, aquatic and fish/bird
pesticides, plus other chemicals used as pesticides (e.g., sulfur and oils) (1).

Specialty biocides (used for recreational and industrial water treatment
and as disinfectants and sanitizers), chlorine and hypochlorites (used as dis-
infectants for potable, waste, and recreational water), and wood preservatives
are also considered pesticides. If the amount of Al used for these purposes is
included in pesticide use data, total Al used in the world and the United
States is four times higher (e.g., 5 billion pounds of Al in the United States).

Gross Al figures do not accurately reflect what has happened in world and
U.S. agriculture over the past 20 years. Total pesticide use has dropped by
about 20% over that time period—herbicides by 10% and insecticides by 50%
(this does not reflect the likely increase in use of insecticides for West Nile
virus prevention that has occurred in the last 5 years), and fungicides by 30%.
In addition, the specific types of Al have also changed. The trend, generally,
has been to decrease use of more toxic pesticides of all types and replace
them with lower risk products (lower risk to humans, birds, fish, and benefi-
cial insects) (1).

167
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Approach to Pesticide Poisoning

Before discussing individual chemicals, a few principles of pesticide poison-
ing management should be addressed. The most important issue is proper
diagnosis. Without it, all other interventions are potentially ineffective and
possibly harmful.

Whenever possible, get the label of the suspected poison. It will contain
principles of management and contact information for the manufacturer.
The local poison control center and the National Pesticide Telecommunica-
tions Network (1-800-858-7378 Monday to Friday 9:30 a.m. to 7:30 p.m.) are
also available for further advice. If coworkers have not been able to identify
the suspect chemical, Cooperative Extension Service agents may also serve as
a resource for commonly used chemicals at particular times of the year on
specific crops.

Remember that careful decontamination of the patient is necessary to pre-
vent possible further injury to the patient and possible injury to emergency
department staff. Physical decontamination by removing clothing that has
been in contact with the chemical, washing the skin with soap and water, and
copiously irrigating the eyes is important. Recent evidence-based position
statements from the American Academy of Clinical Toxicology and the
European Association of Poisons Centres and Clinical Toxicologists suggest
that gastric lavage, activated charcoal, cathartics, and ipecac should not be
used routinely in poisoned patients. They can be considered within 60 min-
utes of presentation if a potentially life-threatening amount of poison has
been ingested. Even in this circumstance, contraindications exist for the use
of each: lavage is contraindicated in hydrocarbon ingestion; cathartic in vol-
ume depletion, hypotension, electrolyte imbalance, or ingestion of a corro-
sive substance; activated charcoal in an unprotected airway, a nonintact
gastrointestinal (GI) tract or hydrocarbon ingestion; and ipecac in a non-
alert patient or with ingestion of a hydrocarbon or corrosive substance (2).

Herbicides

The most widely used pesticides in the world, herbicides are designed to kill
plants and attack plant metabolic pathways that do not exist in humans and
other animals. Therefore, in general, they have relatively low animal toxicity.
There are hundreds of herbicides and herbicide mixtures on the market in the
United States and throughout the world. Seven of the top 10 pesticide active
ingredients (by amount used) are herbicides. Chlorophenoxy herbicides are
plant growth regulators. They are commonly used for broadleaf weed control
on cereal crops and pastures. Common chlorophenoxy herbicides include
2,4-D; Dicamba; and Silvex. Many products available to consumers include
a mixture of salts in a petroleum base. Most toxicity from contact with skin
or eyes or ingestion involves mucous membrane irritation. Very high dose
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exposure may result in neurological symptoms including muscle twitching,
seizures, and coma. Renal and hepatic dysfunction may occur with large
ingestions. Long-term health effects of low to moderate exposure include
alleged, but not confirmed, carcinogenicity, teratogenicity, and reproductive
abnormalities. Although no specific antidote is known, alkaline diuresis has
been reported to be of value in severe overdose. Otherwise, aggressive sup-
portive care including protection of the airway, correction of hypoten-
sion, and treatment of arrhythmias, hyperthermia, and seizures may be
required (3).

Atrazine and glyphosate, triazine, and phosphonate herbicides are also
widely used for weed control. Glyphosate was developed specifically as a
much safer alternative to paraquat (discussed in a subsequent paragraph).
Mucous membrane irritation is the most common adverse reaction to expo-
sure to these chemicals and their many relatives. Gastrointestinal tract ero-
sions were the primary adverse events in large-volume ingestions (all
accidental or intentional), but renal, hepatic, central nervous system, and
pulmonary involvement was sometimes noted. Since no antidote is known,
supportive care is also indicated for these groups of agents (4,5).

Carbamate herbicides, unlike carbamate insecticides, do not produce inhi-
bition of cholinesterase enzymes or the “all faucets on” cholinergic syn-
drome. Toxicity is uncommon. Common generic names for carbamate
herbicides include asulam, terbucarb, butylate, pebulate, triallate, and
thiobencarb. Mucous membrane irritation is the most common adverse
effect. After removal of the chemical by soap and water, flushing the eyes,
and increased fluid intake, treatment is supportive.

Urea-substituted herbicides are photosynthesis inhibitors, mainly used for
weed control in noncrop areas. Chemicals in this class have names ending in
“-uron” or “-oron”—e.g., chlorimuron, diuron, siduron, tebuthioron, and
tetrafluoron. Urea-substituted herbicides have low systemic toxicity based on
animal feeding studies; they may, however, produce methemoglobinemia with
heavy ingestion. Methemoglobin and sulfhemoglobin levels should be meas-
ured in patients with dyspnea or cyanosis and a history of urea-substituted
herbicide ingestion. Otherwise treatment of these ingestions is decontamina-
tion and supportive care.

The most dangerous group of herbicides is the bipyridyls. Paraquat is the
most important of the bipyridyl group. Others in the group include diquat,
chlormequat, and morfamquat. Bypyridyls exert their herbicidal activity by
interfering with reduction of nicotinamide adenine dinucleotide phosphate
(NADP) to reduced nicotinamide adenine dinucleotide phosphate (NADPH)
during photosynthesis, producing superoxide, singlet oxygen, and hydroxyl
and peroxide radicals. This eventually destroys lipid cell membranes, includ-
ing those in the lungs, leading to late and irreversible pulmonary fibrosis.
Major local effects of paraquat are due to its caustic properties. Corneal
ulceration has been reported after paraquat concentrate was splashed in the
eyes. Gastrointestinal tract ulceration including esophageal ulceration with
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perforation has occurred. After ingestion of >30 mg/kg of paraquat concen-
trate, pulmonary, cardiac, renal, and hepatic failure can occur within hours.
Ingestion of 4 mL/kg or more may cause renal failure, resulting in impaired
paraquat excretion and higher serum concentrations. Pulmonary involve-
ment is the major target of ingested paraquat with an adult respiratory dis-
tress syndrome (ARDS)-like syndrome developing 1 to 2 days after ingestion,
progressing to pulmonary fibrosis in a few days.

Treatment of paraquat ingestion is aimed at several points along the toxi-
city pathway—removing toxin from the GI tract, increasing excretion from
the blood, and preventing pulmonary damage with anti-inflammatory agents.
Cautious aspiration with a nasogastric tube is appropriate if the patient pres-
ents within the first hour after ingestion. Because of the possibility of severe
toxicity, some authorities still recommend activated charcoal (1 to 2 g/kg) if
the patient is seen within 1 to 2 hours, repeated 4 hours later. Hemodialysis is
effective for removing paraquat from the blood. Pulmonary damage is
increased by oxygen supplementation, so low-oxygen breathing mixtures are
recommended. Immunosuppression has been attempted with corticosteroids
and cyclophosphamide or other similar agents, with limited success. Defer-
oxamine and N-acetylcysteine have been used as antioxidants. Prospective
studies supporting immunosuppressive and antioxidant therapies are lacking.
Diquat is felt to have much less pulmonary toxicity, but pulmonary fibrosis
may also occur, especially if oxygen supplementation is used. Chlormequat
toxicity resembles organophosphate toxicity but should not be treated as
such (see the discussion of organophosphate pesticides in the next section).
Treatment is by GI decontamination and supportive care. Morfamquat is
rarely used. No human or animal toxicity has been reported with mor-
famquat, but poisoning with the chemical should probably be treated initially
as a paraquat poisoning (6).

Insecticides

Organophosphates are still the most widely used insecticides in the United
States and the world, but botanical insecticides and insect growth regulators
are becoming much more widely used, due to their lower toxicity. Also
included in this category are the organochlorines (such as DDT), the carba-
mates, and insect repellants (DEET and p-dichlorobenzene).
Organophosphates (OPs) are the most common cause of insecticide poi-
soning and cause a few deaths each year in the United States. OPs are used
for suicide in both the United States and particularly in the Third World,
where more than 100,000 people per year are estimated (by the World Health
Organization) to take their own lives using this group of chemicals.
Organophosphates are so widely used because of their effectiveness against
a wide variety of insects and their lack of persistence in the environment
(compared to organochlorines). The toxicity of OPs varies greatly—a drop of
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the OP nerve agents VX, soman, or sarin may be lethal, while malathion has
an oral median lethal dose (LD of approximately 1 g/kg. Most of the OPs
are rapidly absorbed by all routes. They may be classified as direct (the nerve
gases) or indirect (most commercially used crop, animal, and home products)
cholinesterase inhibitors. Metabolism, primarily by the CYP450 system, is
required to activate the indirect inhibitors. Direct inhibitors may have almost
immediate effects, or up to 2 to 3 hours delay after dermal absorption. Indi-
rect inhibitors may not produce symptoms until 6 to 24 hours after exposure.

The toxicologic effects of OPs are almost entirely due to inhibition of
acetylcholinesterase in the nervous system, which causes acetylcholine to
accumulate in the synapses and myoneural junctions. Muscarinic, central
nervous system, and nicotinic effects are produced as outlined in Table 16.1,
usually in that order. The most common clinical presentation is a patient with
an odor similar to garlic, with miosis, increased airways secretion, lacrimation,
bradycardia, and GI complaints (7). This constellation of findings should be
managed as OP poisoning until proven otherwise (8).

Serum and red blood cell (RBC) cholinesterase levels should be obtained
early, but therapy should not be delayed pending laboratory confirmation.
Treatment should include attention to the airway and adequate oxygenation
with atropine administered until secretions dry. The initial dose of atropine
should be 1 to 2 mg for adults and 0.05 mg/kg for children, administered
intravenously if possible, and repeated every 15 to 30 minutes until signs of
atropinization develop (flushing, drying of secretions, and dilation of pupils,
if they were miotic at presentation). Atropine may be required for 24 hours
and should be tapered, rather that abruptly stopped. Pralidoxine (2-PAM) is
a specific OP antidote. It should be administered as soon as possible in all

TABLE 16.1. Clinical effects of organophosphate poisoning.

Site Physiologic Effect
Muscarinic effects

Sweat glands Sweating

Pupils Miosis

Ciliary body Blurred vision

Lacrimal glands Lacrimation

Salivary glands Salivation

Bronchi Constriction with wheezing
Gastrointestinal Cramping, vomiting, diarrhea, tenesmus
Cardiovascular Bradycardia, hypotension

Bladder Incontinence

CNS Effects

Anxiety, restlessness, ataxia, convulsions, coma
Nicotinic Effects
Decreased reflexes, respiratory/circulatory depression
Striated muscle Fasciculations, cramps, weakness, paralysis, respiratory
depression, hypoxia, respiratory arrest
Sympathetic ganglia Tachycardia, hypertension
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clinically significant poisonings. The initial dose is 1 to 2 mg for adults and
25 to 50 mg/kg for children given intravenously over 15 to 30 minutes. A con-
tinuous infusion of 10 to 20 mg/kg, up to 500 mg/h, is then used in severe OP
poisoning. More detailed information on OP poisoning management is
found in standard texts on poisoning and drug overdose. Severe OP poison-
ing has been associated with chronic neurological sequelae including cogni-
tive impairment, depression, and peripheral neuropathies. An intermediate
syndrome, termed organophosphate-induced delayed-onset neuropathy
(OPDIN) associates hyperreflexia and hypertonicity with long-term, low-
dose exposure to OPs. Both syndromes are rarely recognized (7,9).

Carbamates are also cholinesterase inhibitors, producing the syndrome of
cholinergic crisis as described for OPs. The syndrome is of shorter duration
and more benign than with OPs because carbamates dissociate from the
cholinesterase much more readily than OPs, producing a reversible inhibi-
tion. Carbamates also poorly penetrate the central nervous system (CNS),
rarely producing seizures, ataxia, and central depression of the respiratory
and circulatory centers. Red blood cell and serum cholinesterase levels return
to normal within hours of exposure. Treatment of carbamate poisoning is
also with atropine (in doses identical to those used for OPs but for only 6 to
12 hours because of the shorter duration of enzyme inhibition) and oxygen
supplementation. Pralidoxime is not indicated in pure carbamate poisoning,
but if the poison is not known for certain and cholinergic symptoms exist, it
can be used, pending identification of the poison.

Because of their persistence in the environment, organochlorine insecti-
cides are in limited use in the United States. They are, however, used around
the world in mosquito control. Lindane is still used in the United States as
a general garden insecticide, for control of ticks, scabies, and lice and for
extermination of powderpost beetles. It is absorbed by inhalation and inges-
tion and less well by dermal contact, unless the skin is abraded or treated
repeatedly.

Lindane interferes with normal nerve impulse transmission by disruption
of sodium and potassium channels in the axon membrane, leading to multi-
ple action potentials for each stimulus. Clinically this may result in confusion,
apprehension, tremors, muscle twitching, paresthesias, dizziness, seizures, or
coma—usually in the face of a history of repeated treatment for scabies or
lice. Wheezing, rales, or cyanosis may be found if hydrocarbon (a frequent
vehicle) aspiration has occurred. Diagnosis is based on a history of exposure
or intentional ingestion with physical manifestations of CNS hyperexcitabil-
ity. Treatment is decontamination with supportive and symptomatic care.
Seizures may require lorazepam or diazepam. Arrhythmias should be treated
with lidocaine.

Commonly used botanical insecticides include pyrethrum, nicotine,
rotenone, and Bacillus thuringiensis. Other botanicals are used in small quan-
tities but are rarely associated with adverse health effects. Pyrethrum is the
oleoresin extract of dried chrysanthemum flowers. It contains about 50%
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active insecticidal ingredients known as pyrethrins. Synthetic derivatives of
these compounds, called pyrethroids, are much more widely used today. Most
insecticides containing pyrethroids also contain piperonyl butoxide, a syner-
gist that increases their effectiveness by retarding enzymatic degradation of
the active ingredient.

Pyrethrum-based insecticides are considered to have low toxicity, but they
can produce nausea, vomiting, diarrhea, tremors, muscle weakness, and
paresthesias. Very high levels of exposure can produce temporary paralysis
and respiratory failure. Treatment is supportive. Allergic reactions to the
pyrethroids are more common, with about 50% of patients sensitive to rag-
weed, and cross-reacting to pyrethrum. Pyrethrum and the pyrethroids are
well absorbed from the GI tract and minimally absorbed from dermal expo-
sure. They are rapidly metabolized by the liver, leading to their relative lack
of systemic toxicity in humans. Persons exposed to prolonged contact with
high concentrations of pyrethroids report paresthesias in unprotected skin.
Vitamin E oil has been reported to relieve these paresthesias, by an unknown
mechanism. Otherwise treatment of toxicity is symptomatic and supportive.
Allergic symptoms are treated as with other allergens, by avoidance and anti-
histamines for mild symptoms, and corticosteroids and epinephrine for severe
bronchospasm (10).

Nicotine, usually derived from tobacco, was used as an insecticide in the
past. Now rarely used, most nicotine poisoning is as a result of ingestion of
tobacco products or incorrect use of nicotine patches, gum, or nasal sprays.
Decontamination is the treatment of choice. Care is supportive, since there is
no specific antidote for nicotine. Severe hypersecretion or bradycardia may be
treated with atropine.

Rotenone, prepared from the roots of derris, Lonchocarpus, and Tephrosia
plants, is used as a household and horticultural insecticide. Piperonyl butox-
ide is also used as a synergist with this compound. Toxic to fish, bird, and
insect nervous systems, it has produced little human toxicity in decades of
use. However, fresh derris root from Malaya has been used for suicides.
Numbness of mucous membranes has been reported in exposed workers,
along with dermatitis and respiratory tract irritation. Treatment of these
symptoms is with decontamination and supportive care.

Several subspecies of Bacillus thuringiensis (BT) are pathogenic to some
insects. The product is used both as a spray to be applied to certain food
crops and, incorporated into the genetic material of certain plants as a “built-
in” insecticide. Infections of humans with these organisms is extremely rare.
One volunteer ingesting a BT variety not used as a pesticide developed fever
and GI symptoms. A single corneal ulcer has been associated with a splash of
BT suspension in the eye. The GI symptoms resolved spontaneously; the
ulcer resolved with antibiotic treatment (11).

Insect repellants are intended for human use and are therefore designed to
be nontoxic in routine use. Two insect repellants have produced poisoning
syndromes: DEET (N, N-diethyltoluamide) and p-dichlorobenzene. DEET is
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minimally absorbed through the skin and is rapidly eliminated, primarily in
the urine. Excessive use of high concentrations of this compound has been
associated with a idiopathic toxic encephalopathy, particularly in girls and
female infants. Symptoms may include lethargy, anxiety, opisthotonos,
athetosis, ataxia, seizures, and coma. Ingestion of 50 mL of high concentra-
tion DEET (50% to 90%) has produced coma, seizures, and hypotension
within an hour of ingestion and death in at least two cases. Irritant contact
dermatitis and conjunctivitis have also been reported, as has an anaphylactic
reaction in one case. There are no characteristic physical findings. Treatment
is symptomatic and supportive.

Originally used as a moth repellant and insecticide, p-dichlorobenzene is
now more commonly used as a deodorizer. Ingestion is fairly common when
children eat a part of a deodorant cake in a toilet bowl or diaper pail. It is a
mucous membrane irritant and can produce allergic symptoms. Massive
ingestions may produce tremors and hepatic or renal injury. There are no
characteristic features on physical examination or laboratory studies. Diag-
nosis is by history of ingestion, and treatment is supportive.

Fungicides

Widely used in industry, agriculture, home, and garden, fungicides are used
for many purposes—protection of seed grain during storage, transport, and
germination; protection of crops, seedlings, and grasses in the field, in stor-
age, and during shipment; suppression of mold; control of slime in paper
processing, and protection of carpets and fabrics. Fungicides, used properly,
rarely cause severe poisonings. Most have inherently low mammalian toxicity
and are absorbed poorly (at least partly because they are formulated as sus-
pensions of wettable powders or granules). Most are applied using methods
that intensively expose only a few individuals. Irritant injuries to skin and
mucous membranes are relatively common in heavily exposed individuals,
however (12).

Of the substituted benzene herbicides, only hexachlorobenzene has pro-
duced systemic toxicity. This occurred when hexachlorobenzene-treated seed
wheat was used instead for human consumption. In 4 years, approximately
3000 persons developed porphyria due to impaired hemoglobin synthesis.
Most affected individuals recovered, but some infants nursed by affected
mothers died.

Thiocarbamates, unlike the N-methyl carbamates, have little insecticide
activity. Instead they are used to protect seeds, turf, ornamentals, vegeta-
bles, and fruit from fungi. Bisdithiocarbamates, represented by thiram, are
structurally similar to disulfuram. With heavy exposure an Antabuse-like
reaction can be produced if alcohol is ingested subsequently. This reaction
is characterized by flushing, sweating, headache, tachycardia, and
hypotension.
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Other thiocarbamates—ziram, ferbam, and metam-sodium—should theo-
retically predispose to the Antabuse reaction, but no occurrences have been
reported. Metam-sodium decomposition in water yields methyl isothio-
cyanate, a gas that is extremely irritating to mucous membranes. Inhalation
of the gas may cause pulmonary edema. Metam-sodium is considered a fumi-
gant and should be used in outdoor settings only. Persons caring for a victim
with metam-sodium ingestion should avoid inhalation of evolved gas. Treat-
ment of exposure is with skin and GI decontamination, oxygen supplemen-
tation, fluid support, and avoidance of alcohol.

Ethylene bisdithiocarbamates (EBDC compounds) are another group of
fungicides that may irritate skin, respiratory tract, and eyes. Maneb, zineb,
nabam, and mancozeb represent this class. Treatment of the irritant effects of
these chemicals is by decontamination. Thiophthalimides, represented by
captan, captafol, and folpet, are agents used to protect seed, field crops, and
stored produce. All of these fungicides are moderately irritating to the skin,
eyes, and respiratory tract. They may produce skin sensitization. No systemic
poisonings have been reported with these chemicals.

Copper compounds, both inorganic and organic, are irritating to skin, res-
piratory tract, and eyes. Soluble copper salts, such as copper sulfate and
acetate, are corrosive to mucous membranes and the cornea. Systemic toxic-
ity is low, probably due to limited solubility and absorption. Treatment of
poisoning is with GI and skin decontamination. Ophthalmologic consulta-
tion should be obtained if eye irritation persists after flushing the eyes with
saline. Intentional ingestions of large volumes of these compounds may
result in hemolysis with circulatory collapse and shock, with renal and
hepatic failure. In these severe cases, fluid replacement, alkalinization of the
urine, chelating agents, and hemodialysis may be required.

Organomercury compounds have been used primarily as seed protectants.
Toxicity has occurred primarily when methyl mercury—treated grain intended
for planting was consumed in food. Poisonings have also occurred from eat-
ing meat from animals fed mercury-treated seed. Organic mercury is effi-
ciently absorbed from the gut and is concentrated in the nervous system and
red cells. Early symptoms of mercury poisoning are metallic taste, distal
paresthesias, tremor, headache, and fatigue. Further symptoms target the
CNS with incoordination, slurred speech, spasticity, rigidity, and decline in
mental status. Treatment is by skin and GI decontamination and chelation.

Cadmium has been used to treat fungal diseases of turf and bark of
orchard trees. Cadmium salts and oxides are very irritating to mucous mem-
branes of the respiratory and GI tracts. Inhaled cadmium dust or fumes can
produce a mild, self-limited respiratory illness with fever, cough, and malaise,
similar to metal fume fever. More severe symptoms with labored breathing,
chest pain, and hemorrhagic pulmonary edema are associated with heavier
exposure and resemble chemical pneumonitis. Cadmium ingestion may pro-
duce severe nausea, vomiting, diarrhea, abdominal pain, and tenesmus.
Chronic obstructive pulmonary disease (COPD), renal and hepatic injury,
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and pathological fractures have been associated with chronic cadmium expo-
sure. Treatment is skin and GI decontamination, respiratory support, and
chelation therapy (for severe, acute poisoning, though the possibility of
inducing renal failure with a large load of cadmium exists).

A long list of miscellaneous organic fungicides is in use in many crop,
ornamental, and turf applications. Reports of adverse effects on humans are
rare or absent entirely. As with all pesticides, following label directions for
use is the key to prevention of adverse events, even with these low-risk
chemicals.

Rodenticides

Rodenticides are designed to kill nuisance rodents such as rats, mice, moles,
voles, ground squirrels, gophers, and prairie dogs. These animals may dam-
age crops in the field or in storage and can transmit disease to humans and
other animals through their droppings or bites. A wide variety of organic
and inorganic chemicals have been used to control rodents. Plant-derived
materials such as strychnine and red squill or inorganic compounds such as
thallium or arsenic trioxide were among chemicals used early for rodent con-
trol. Newer agents tend to be synthetic organic compounds. All pose partic-
ular risks for accidental poisonings. Since these agents are designed to kill
mammals, their toxicity is often similar for the target rodents and for
humans. Also, since rodents often share environments with humans and
other mammals, the risk of accidental exposure to the rodenticide is high
because of their placement in those environments. As rodents have become
resistant to some chemicals, more toxic chemicals have been developed,
exposing those applying them and those living in areas where they are used
to increased risk of toxicity. There are over 150 trade name rodenticides in
the United States alone, many with very similar names. While important for
all poisonings, in rodenticide poisoning, having the label to guide therapy is
critical.

Long-acting anticoagulants are responsible for nearly 80% of human
rodenticide exposures reported in the United States. Introduced in the 1970s,
they have essentially replaced warfarin-based products. They have the same
mechanism of action as warfarin but are more potent and have longer half-
lives. They are effective in a single feeding (or a limited number of feedings)
and in animals that have developed resistance to the older anticoagulants.

Treatment of superwarfarin ingestion depends on the dose. A child who
ingests a few pellets or grains of the material can be observed at home for the
development of bleeding. A person with a bleeding disorder or who takes an
anticoagulant is at much greater risk of excess bleeding, even with a small
exposure. Patients with large ingestions (>0.1 mg/kg) should have gastric
decontamination if they are seen within an hour or two of the ingestion. If
there has been a longer delay, activated charcoal is indicated. Prothrombin



16. Pesticides 177

time (PT) and partial thromboplastin time (PTT) should be measured at 24
and 48 hours after a significant ingestion. If any value is elevated, phytona-
dione (vitamin K,) should be started (1 to 5 mg for children and 15 to 20 mg
for adults) by subcutaneous injection and repeated as necessary. Critically ill
adults can be given 50 to 200 mg via slow intravenous infusion (0.5 mg/min).
The PT and PTT should be checked every 4 hours until stable and then every
24 hours. Once the PT and PTT are stable, the phytonadione may be switched
to the oral form (15 to 25 mg daily for adults, 5 to 10 mg for children), taper-
ing the dose as the PT levels decline to normal (over a period sometimes as
long as 6 months).

Warfarin-based products are still available, but single exposures, unless
large amounts (>0.5 mg/kg) are ingested, can be observed without therapy.
Recent large exposures should be treated with activated charcoal. The PT and
PTT should be measured at 12 and 24 hours. If the PT is two times normal or
more, phytonadione should be given (1 to 5 mg for children, 10 mg for adults
orally or intramuscularly and repeated as necessary. The PT should be meas-
ured every 4 hours until stable, then every 24 hours until normalized (13).

Bromethalin, a relatively new rodenticide introduced in 1985, is a neuro-
toxin that produces its effect by uncoupling mitochondrial oxidative phos-
phorylation. This results in increased intracranial pressure, decreased nerve
impulse conduction, paralysis, and eventual death. No human exposures
have been reported. Its effectiveness as a rodenticide is based on the rodent’s
consuming a relatively larger dose per kilogram than other larger animals.
There is no antidote, so treatment of poisoning would be symptomatic and
supportive.

Cholecalciferol (vitamin D,) takes advantage of the fact that rodents are
sensitive to small percentage changes in calcium levels in their blood. Chole-
calciferol increases serum calcium by mobilizing calcium from bone, resulting
in calcium deposition in tissues and nerve and muscle dysfunction and car-
diac dysrhythmias. Ingestion of several bait pellets or treated seeds should
not be toxic, and no treatment is necessary. Larger ingestions should be
treated with gastric lavage if recognized early and activated charcoal in sev-
eral doses if after 1 to 2 hours of ingestion. Serum calcium should be checked
at 24 and 48 hours and treatment initiated if hypercalcemia develops. Forced
diuresis with furosemide and a low-calcium diet should be initiated along
with prednisone (5 to 15 mg every 6 hours). Calcitonin and/or mithramycin
may be necessary for patients unresponsive to above measures.

Red squill is a botanic rodenticide derived from the red sea onion (Urginea
maritima). It contains two cardiac glycosides that produce effects similar to
digitalis. Treatment of ingestion is the same as for digitalis toxicity, including
the use of Digibind.

Strychnine is another botanical, found in seeds of Strychnos nux-vomica, a
tree native to India. Used in Germany in the 16th century as a poison for rats
and other animals, it is still available in many rodenticides. It is a neurotoxin,
producing twitching of facial (risus sardonicus) and neck muscles, reflex
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excitability and generalized seizures. Treatment should include activated
charcoal and anticonvulsants (diazepam, phenobarbital, or phenytoin if
unresponsive to diazepam). Stimulation of the patient should be minimized;
respiratory support including intubation and mechanical ventilation may be
required.

Thallium rodenticides are not used in the United States, but are available
around the world. Treatment of poisoning is difficult. Gastric decontamina-
tion should be attempted with lavage and activated charcoal. Fluid support
with potassium chloride theoretically displaces thallium and increases its
excretion.

Zinc and aluminum phosphides are used to protect stored grains from
rodents and other pests. On contact with moisture, phosphides release phos-
phine gas, which is the primary cause of toxicity. Oral exposures to phos-
phides occur as a result of intentional ingestion for suicidal purposes.
Phosphine inhibits oxidative phosphorylation, leading to cell death, mani-
fested by severe GI irritation, hypotension, and cardiac and respiratory dys-
function. Management is by activated charcoal and gastric lavage. Intragastric
sodium bicarbonate and/or potassium permanganate have been suggested to
decrease phosphine gas release. Oxygen should be supplemented (100% via
rebreather). Treatment is otherwise symptomatic and supportive (14).

The fifth edition of Recognition and Management of Pesticide Poisoning,
edited by Drs. Routt Reigart and James Roberts of the Medical University
of South Carolina, contains a table that lists manifestations caused by spe-
cific pesticides, which may be useful in evaluating possible pesticide expo-
sures and toxicities. The entire textbook is available on the Environmental
Protection Agency Web site at http://www.epa.gov/pesticides/safety/healthcare/
handbook.htm (see “Index of Signs and Symptoms” or pages 213 to 224) by
request from the Environmental Protection Agency, Office of Prevention,
Pesticides, and Toxic Substances at 703-305-7666.

Miscellaneous Solvents and Adjuvants

The liquids in which pesticides are dissolved and the solids on which they are
adsorbed are chosen by the manufacturers to make handling and application
easy and to achieve maximal stability and effectiveness of the active ingredi-
ent. The most commonly used solvents are petroleum distillates. The petro-
leum distillate may produce toxicities in itself in large-volume ingestions.
Most adjuvants (emulsifiers, penetrants, and safeners) are potentially skin
and eye irritants but with very low or no systemic toxicity.
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Neurological Injuries in Agriculture

NIKITA B. KATZ, OLGA KATZ, AND STEVEN MANDEL

Key words: emergent care, management, neuropathies, low back pain

Neurological conditions and diseases have a unique position in agriculture.
From acute trauma to insidious neuropathies, from assessment of fitness to
operate machinery to issues in rehabilitation, it is the neurological examina-
tion, specialized studies, diagnosis, and management that in many cases
determines the future quality of life, disability, and survival of the patient.

This chapter concentrates on selected issues that are directly relevant to a
practicing physician from the standpoint of pathogenesis, evaluation, and
diagnosis. A more general review will be given of treatment modalities as they
often are fine-tuned based on the unique condition of the patient both before
and after the development of a neurological condition, as well as on avail-
ability of services and unpredictable rates of response that may be observed
even with mainstay medications.

Approach to Central Nervous System Injury

Initial Considerations

Important considerations in an acute setting of central nervous system
(CNS) trauma are:

1. Consciousness

2. Intracranial pressure

3. Cerebral perfusion

4, Cranial structures volume changes (the Kellie-Monroe principle) (1,2)

A dramatic change in any of these usually signifies an impending or
already developing trend and directly affects the patient’s survival and
prognosis.

Consciousness is defined as the ability to be aware of oneself and one’s sur-
roundings and is loosely attributed to the activity of the reticular formation,
an extensive and fragile neuronal network (2).

180
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Intracranial pressure (ICP) is the normally positive pressure of the cere-
brospinal fluid (CSF) present in the cranial cavity. It ranges from 5 mm Hg
in an infant to 15 mm Hg in an adult (2).

Cerebral perfusion pressure (CPP) equals mean blood pressure minus ICP
and physiologically should be higher than 70 mm Hg in adults and 60 mm
Hg in children. Another measure is the cerebral perfusion rate: it is well
known from emergency practice that if cerebral perfusion falls below 12 mL
of blood per mg of neural tissue per minute, irreversible brain damage
occurs (3).

Since the cranial space is closed, the Kellie-Monro principle asserts that
changes in one of the intracranial components (e.g., CSF or blood) will result
in compensatory alteration in the others (e.g., brain volume.) In practice,
increases of ICP cause herniation of the brain matter through natural open-
ings such as the tentorium hiatus (uncal herniation, commonly associated
with the ipsilateral compression of cranial nerve III and dilatation of the ipsi-
lateral pupil) or the foramen magnum (hindbrain herniation). Both can result
in brainstem compression and death (conning) (4).

Both direct impact and contrecoup injuries, in which the moving brain
careens onto the skull opposite the point of impact, can result in focal bleed-
ing beneath the calvarium. Such bleeding can result in an intracerebral focal
contusion or hemorrhage as well as an extracerebral hemorrhage. Axonal
injury increasingly has been recognized as a structural sequela of brain
injury. Interestingly, a prominent locus of axonal damage has been the for-
nices, which are important for memory and cognition. More severe and dif-
fuse axonal injury has been found to correlate with vegetative states and the
acute onset of coma following injury (2,4).

Emergent Care

Realistically, a neurologist is likely to be involved in management of an acute
CNS trauma patient as a part of a larger team that should necessarily
include an emergency physician. As a result, the most important points of
approach are not those at the scene of the accident but rather upon hospi-
talization. Basic knowledge of the principles of management of any obvious
or potential CNS injury is valuable. On the scene, the circumstances of the
accident or injury should be assessed quickly, and any potential risk of CNS
injury identified alongside the rest of the injuries in order to help guide
appropriate care. It is often stated that the patient should be moved as little
as possible, especially for patients who suffered machinery-related injuries.
Most importantly, the patient’s neck (and the rest of the spine) should not
be hyperextended, hyperflexed, or rotated. Use of spinal boards and neck
immobilizers is very important; they should be made readily available to
medical personnel and, in the agricultural setting, other educated and capa-
ble individuals (1,4).
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Physical Examination

The Glasgow Coma Scale (GCS) score should be obtained, and the test
repeated as needed. Although not part of the original concept, separate con-
stituent parts of the total GCS score (e.g., eye opening, verbal response) are
more informative when communicated to another health professional than
merely the total score, which is useful in generalized triage and classification
of the severity of the injury as minor (GCS score >14), moderate (GCS score
<13 and >9), or severe (GCS score < &) (4).

In performing a neurological examination, begin by specifically looking for
signs of skull base fracture (raccoon eyes, hemotympanum, CSF rhinorrhea
or otorrhea, the Battle sign), usually after 8 to 12 hours. If fractures are sus-
pected or confirmed, especially those of the facial bones, perform careful
auscultation of the carotids for possible carotid dissection.

Other highlights of a neurological examination in such cases are listed in
Table 17.1.

Although the popular Mini-Mental State Examination disproportionately
emphasizes left hemisphere functioning, studies have documented its useful-
ness even in the long-term. For example, one study indicated that 23% of
patients with mild head injuries score less than 24 out of 30 points 1 year
after injury. Motor regulation can be assessed rapidly using the Luria “fist,
chop, slap” sequencing task (5).

An antisaccade task, in which the patient looks away from the offered
visual stimulus, recently has been shown to be impaired in patients with
symptomatic whiplash injury compared to controls, although the sensitivity
of this test in detecting brain injury has been questioned.

Letter fluency, in which the patient names as many words as possible
beginning with a specific letter in 1 minute, and category fluency, in which the

TABLE 17.1. Neurological signs in acute trauma.

Sign Note

Visual acuity If the level of consciousness allows assessment

Pupillary light reflexes Both direct and consensual must be tested

Fundus examination Look for signs of retinal detachment, hemorrhages,

(direct or indirect) or papilledema

Spinal tenderness May be assessed by wincing and avoidance in unconscious
patients; such assessment is controversial and results are hard to
interpret

Limb movements In a cooperating conscious patient

Reflexes In all patients

Plantar response Babinski sign should be addressed specifically

Motor weaknesses In a cooperating, conscious patient

Gross sensory deficits In a cooperating, conscious patient

Source: Data from Working Party of the Royal College of Surgeons of England (2) and Procac-
cio et al. (4).
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patient names as many items as possible in a certain category in 1 minute,
provide further information about self-generative frontal processes.

An untimed Trails B test, in which the patient alternates between number and
letter sequences, allows further qualitative testing of frontal functioning (2).

Testing

Patients must be reassessed frequently as their neurological condition often
changes rapidly and even precipitously. Assessment every 2 hours is war-
ranted in all patients with moderate head injury (GCS score less than 13 but
higher than 8). These patients should also undergo computed tomography
(CT) scan of the head and should be admitted to the hospital. If no improve-
ment is noticed within hours after admission for observation, the CT scan
should be repeated.

The most useful role of electroencephalography (EEG) in head injuries
may be to assist in the diagnosis of nonconvulsive status epilepticus, which
may account for a substantial number of coma presentations (up to 8% in
one study). Extreme accuracy (99.5%) in prediction of the negative outcome
in brain injury is associated with the bilateral absence of somatosensory
evoked potentials (6).

Magnetic resonance imaging (MRI) typically is reserved for patients who
have mental status abnormalities unexplained by CT scan findings. Magnetic
resonance imaging has been demonstrated to be more sensitive than CT scan-
ning, particularly at identifying nonhemorrhagic diffuse axonal injury
lesions. In some cases, MRI has shown degeneration of the corpus callosum
following severe head injuries with axonal damage. Increased total lesion vol-
ume on fluid-attenuated inversion-recovery (FLAIR) MRI images has been
demonstrated to correlate with poor clinical outcomes, while diffusion-
weighted imaging may disclose abnormal lesions in patients with head injury
even when their conventional MRI scans are unremarkable. Remember that
white matter hyperintensities in patients with head trauma may recede when
initial MRI scans are compared with those obtained in the months following
the injury (1,4).

Management

In severe head injury, CT scan and neurosurgical referral are important, and,
if signs of brain herniation (Kellie-Monroe signs) are present or developing,
simple but often effective means of decreasing the intracranial pressure
should be ascertained and implemented:

1. The head should be elevated (30° to 45°). Keep the neck straight and avoid
constriction of venous return.

2. Maintain normovolemia and normal blood pressure (BP) (mean BP > 90
mm Hg).
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3. Ventilate to normocapnia and avoid hypocapnia (Pco, >3.5 kPa).

4. Use light sedation and analgesia (e.g., codeine phosphate at 30 to 60 mg
IM g4h).

5. Insert an ICP bolt to monitor the pressure status.

6. Consider administration of mannitol (1 g/kg IV immediately) (7).

Because of the likelihood of spinal injury, any patient with traumatic
injury should be treated as having potential spinal injury until radiographic
and clinical evidence indicates otherwise. Imaging of the spine should include
at least plain x-ray films of the cervical spine (anteroposterior and lateral, a
peg view, and with the C7-T1 junction visible). When a spinal injury is
strongly suggested, either because of the mode of injury or because of indica-
tive findings on the x-ray film, a CT scan of the spine should be performed
next (8).

All physicians must remember that CT scanning is not an absolute diag-
nostic test. It is worth noting that spinal cord injury without noticeable radi-
ographic abnormality occurs in up to 5% of spinal injuries (8).

Common types of injury that can be seen on CT include atlanto-occipital
dislocation (usually fatal), atlas fractures (often treated conservatively), axis
fractures (in most cases challenging), and C3-T1 injuries in which earliest
alignment and decompression of the spinal cord is desirable (8).

Spinal cord trauma patients must be immediately assessed for proper local-
ization and determination of the extent of the lesion. Physicians are
reminded that in the acute phase, the classic syndrome of complete spinal
cord transection presents with the following:

1. Possible respiratory insufficiency

2. Lower and upper extremity areflexia combined with anesthesia below the
affected level

3. Neurogenic shock with hypothermia and hypotension without compensa-
tory tachycardia (not observed commonly in low thoracic and lumbar
spinal cord lesions)

4. Loss of rectal and bladder sphincter tone

5. Urinary and bowel retention leading to abdominal distention, ileus, and
delayed gastric emptying (9)

Ipsilateral ptosis, miosis, and anhydrosis (Horner’s syndrome) may also
present because of interruption of the descending sympathetic pathways (9).

In the anterior cord syndrome, the patient presents with paralysis, loss of
pain and temperature sensation below the level of the lesion, and relative
sparing of touch, vibration, and proprioception.

Trauma commonly leads to central cord syndrome, often associated with
significant arm weakness, less pronounced leg weakness, and variable sensory
deficits. Pain and temperature sensations are affected most commonly, a
modality known as “dissociated sensory loss” that may present in a cape-like
fashion (8,9).
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The other common traumatic presentations include Brown-Séquard syn-
drome (a hemicordectomy with ipsilateral paralysis, loss of vibration and
position sense below the level of the lesion with hyperreflexia, while con-
tralaterally, loss of pain and temperature sensation occurs two to three seg-
ments below the level of the lesion) and the cauda equina and conus
medullaris syndromes (8-10).

Patients with lesions affecting only the cauda equina can present with a
polyradiculopathy with pain, radicular sensory changes, asymmetric lower
motor neuron—type leg weakness, and sphincter disturbances. This can be dif-
ficult to distinguish from involvement of the lumbosacral plexus or multiple
nerves. Lesions affecting only the conus medullaris cause early disturbance of
bowel/bladder function (11).

Treatment Modalities

The National Acute Spinal Cord Injury Studies (NASCIS) I and II published
in the 1990s demonstrated significant benefit in administering high doses of
methylprednisolone early after a spinal cord injury (within 8 hours). The dose
is 30 mg/kg IV over 15 minutes, followed by 5.4 mg/kg/h via continuous intra-
venous infusion over 24 hours (12,13).

In cases of failure of the listed approaches and procedures, resuscitative/sta-
bilizing measures of increasingly heroic nature are attempted:

1. Heavy sedation to achieve paralysis

2. Increased rate of mannitol infusion, 1 g/kg, followed by 0.25 g/kg every 6
hours; serum osmolality maintained around 320 mOsm, consider alternat-
ing with furosemide at 1 mg/kg

3. Hyperventilation of the patient to achieve a Pco, of 3 to 3.5 kPa and
induce a high-dose barbiturate coma; the latter may serve as an excitotox-
icity-limiting measure (14).

In the acute setting, use of phenytoin and nifedipine has been suggested.
Phenytoin reduces the incidence of early posttraumatic seizures, and nifedip-
ine is a potential neuroprotective agent. As a calcium channel blocker,
nifedipine is expected to minimize the toxic effect of calcium ion flux in exci-
totoxicity cascade. The possibility of an allergic response to phenytoin and
apparent lack of dramatic improvement with nifedipine are likely to limit the
use of these drugs in the field (15).

The long-term management of patients who suffered head trauma in the
agricultural or other industrial setting is oriented toward a hard-to-achieve
twofold goal: restoration of normal tonicity and restoration of cognitive func-
tion. Both of these consequences of brain trauma are disabling, and patients
need a thorough and systematic evaluation of their employment prognosis. In
our experience, in hypertonicity, spasticity, or dystonia with attendant muscle
spasms both baclofen and tizanidine are preferred medications because of
their more favorable side-effect profiles. Intrathecal baclofen is an excellent
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option for many patients and is usually tolerated well. A more direct approach
that requires multiple injections and excellent knowledge of anatomy (as well
as the ability to identify anatomical variations on the fly) is injection of botu-
linum toxins types A and B. Other medications may include benzodiazepines
(e.g., diazepam) and dantrolene. In all cases the physician must evaluate for
tremor, dystonia, parkinsonism, myoclonus, and hemiballism, as all of these
are common (more that 10% of head trama cases) and tend to persist long-
term in head injury patients (16-18).

Cognitive enhancement is a much more vaguely defined goal and, as a
result, most of the research performed in the area is either small-sample or
poorly controlled. Anecdotal data suggests that methylphenidate, levodopa,
amantadine, memantine, and donepezil may be useful. Amantadine is also an
excellent fatigue-controlling agent and has few side effects. The use of the
atypical members of the stimulant family, modafinil and adrafinil, is even less
studied, although these medications show some promise. European col-
leagues often use piracetam and related compounds. These medications are
not readily available in the United States, except for levetiracetam, which has
not been studied in the cognitive restoration setting but may be of use in con-
trolling seizures in some patients. Some consultants report the use of a semi-
synthetic analogue of vasopressin (desmopressin) for the purposes of
restoration of cognitive acuity. None of these approaches is in widespread
use in the United States and should be considered experimental at best
(16-18).

The physician must always remember that an initial grading of “mild”
does not necessarily mean a mild outcome of any given brain injury. Recent
studies have demonstrated that following mild head injury, only 54% to 79%
of patients are able to return to full preinjury employment. Another study
of 148 patients with mild head injury discovered that after 1 year, 26% had
moderate disability and 3% had severe disability. Significant neuropsycho-
logical dysfunction, primarily of attentional and memory domains, may
persist after mild head injury alone. Irritability, posttraumatic headache
(often complicated by the analgesic rebound headache), and fatigue are
often the defining complaints in all cases of brain injury, regardless of the
initial grading. Another concern is the issue of posttraumatic epilepsy that
is diagnosed in about 4% of patients who sustained head injuries. As in
other cases, 24-hour EEG monitoring is likely to detect or rule out seizure
activity (19-23).

The main goal in the long-term care of spinal cord trauma patients is to
prevent medical complications, a complex goal that requires administration
of empiric antibiotics as indicated, maintenance of adequate perfusion
(mean arterial pressure must remain above 70 mm Hg at all times), prophy-
laxis of deep vein thrombosis and pulmonary embolism, as well as bladder
and bowel care to prevent distention, discomfort, impaction, and infection.

Pain and anxiety control is often required but may be difficult. Narcotics
must be used judiciously or avoided because of adverse bowel and bladder
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effects. Drugs causing depression of the CNS (e.g., benzodiazepines) should
be used with caution due to the possibility of respiratory failure (24,25).

Gastrointestinal prophylaxis against ulcers is mandatory. Patients with
spinal cord injury have a high incidence of stress ulcers, which can also be
exacerbated by the concomitant use of steroids in the acute phase. The use of
antiinflammatory drugs should be very cautious since even highly promoted
cyclooxygenase-2 (COX-2) inhibitors possess the intrinsic risk of promotion
of GI ulceration (24).

Psychological and emotional support throughout the patient’s disease
course is necessary and is best provided informally and continuously by the
caregivers; however, formal intervention by specialists may be required
(24,25).

Neurological Disease and Operation of Machinery

Employment in the agricultural sphere entails operation of tools and
machinery, including apparatus that demand specific and highly developed
sequences of decisions and actions by the operator. Impairments of any
aspect of neurological functioning may contribute to impairment of such
abilities and to permanent disability in more severe cases. In addition to per-
sonal risk and morbidity, patients are often found in situations where their
actions are likely to affect the risk of injury and even death of others. This
consideration places a social demand on the physician who is assessing fitness
of the patient to drive and operate agricultural machinery (26).

Unfortunately, the ability to safely drive or operate machinery cannot be
determined in a medical office. Issues such as judgment and unnecessary risk-
taking behavior may be impossible to address in an examination room. Unre-
alistic expectations on the part of the patient, the employer, and various
government agencies also persist, even though it should be fairly obvious that
physicians are not specifically trained in this highly technical area in the same
way that certified driving instructors or equipment manufacturer representa-
tives are (27,28).

The general consensus is that patients severely affected by dementia,
including posttraumatic epilepsy, multiple sclerosis, or movement disorders,
should be thoroughly evaluated for their fitness to drive or operate machin-
ery. No consensus or guidelines exist that would serve as a reliable “calibra-
tion” tool applicable to at least a substantial majority of patients (29,30).

Evaluation for Machinery Use

We propose a simplified algorithm (inspired by the GCS and multiple per-
sonal driving experiences, as well as assessment of thousands of patients) for
such evaluation with the stipulation that it should be viewed as a suggestion
rather than a prescription (Table 17.2).
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TABLE 17.2. Proposed driving or machinery operating disability scoring matrix.

B: C: D:
Somewhat  Definitely Incompatible with
A: impaired impaired safe driving/
Normal (“leaning (“leaning operating of
Task or manifestation or better  positive”) negative”)  machinery
Visual field and acuity 0 1 2 3
Impulsivity and risk-taking 0 1 2 3
Speed of response 0 1 3 6
Motor function 0 2 6 8
Seizure or pseudoseizure 0 2 4 6
disorder diagnosis
Seizure-free for more than 0 -2 -1 0
18 months
Pseudoseizures presenting 0 2 4 6
with abrupt loss of control
Sleep disorder suspected 0 1 2 3
Sleep apnea or other 0 2 4 6
drowsiness-inducing diagnosis
Present alcohol or 0 2 4 8
recreational abuse
Dementia present (based on 0 2 4 8
MMSE scores or similar
assessment)

MMSE, Mini—-Mental Status Examination.

The physician should assess the patient and decide on the impressions: is
the patient unimpaired (column A); is the patient impaired but seeming to
compensate effectively (column B); are the patient’s attempts to compensate
inadequate (column C); or is the patient’s presentation that of decompensa-
tion (column D)? Summation of the corresponding number scores produces
the disability index (ideally, in a healthy patient this index is 0, while a
severely impaired patient may present with the maximum score of 51). The
severity indices (number in the table’s cells) are based on published studies,
for example, Teran-Santos et al. (31), who reported that patients with an
apnea-hypopnea index of 10 or higher had an odds ratio of 6.3 (95% confi-
dence interval [CI] = 2.4 —-16.2) of having a traffic accident within a year (32).

A similar approach led to the assignment of indices for seizure disorders.
Ever since Waller’s research, epilepsy patients with poor compliance in tak-
ing their anticonvulsant medication, and patients who are young and abuse
alcohol are justifiably believed to pose the highest risk of driving or machin-
ery accidents. At the same time, the literature suggests that patients with
seizures without loss of consciousness pose no increased risk, while those
with an established pattern of exclusively nocturnal events, as well as those
with consistent and prolonged auras, have much less risk than the Waller’s
“deviant” group. It is worth noting that the consensus statement approved in
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1994 by the American Epilepsy Society and the American Academy of Neu-
rology recommended a minimum seizure-free interval of only 3 months,
although legal requirements vary widely among states (33).

In Parkinson’s disease even moderate severity is often severely disabling
due to the inability to initiate and stop motion, an absolute necessity in oper-
ation of all machinery. Distance judgment may also be impaired early in the
disease and should be assessed separately. Patients with stroke, multiple scle-
rosis, and other diseases with highly heterogeneous presentation should be
assessed on individual basis, although their scores may still be calculated and
used in justification of the recommendation (34).

In some cases, indirect evidence obtained from coworkers, employers, and
cohabitants may contribute to the establishment of general recommendations
in regard to driving and machinery operating ability (Table 17.3).

Muscle Weakness: Evaluation to Management

Electrodiagnostic studies are used to elucidate abnormal neuromuscular
transmission and to exclude other diseases of the motor unit that may mimic
or contribute to the clinical findings. Electromyographic studies may also be
useful in measuring the severity of involvement and demonstrating changes
as the disease develops. Although the detailed account of available electrodi-
agnostic techniques would take several volumes, certain generalities are
worth remembering, as they may affect both the diagnostic and treatment
modalities appropriate for patients who, due to the nature of their employ-
ment (e.g., seasonal workers) may not benefit from the longer observation
times often required in slow developing conditions.

The most commonly used electrodiagnostic test of neuromuscular trans-
mission involves repetitive stimulation of a motor nerve while recording com-
pound muscle action potentials (CMAP) from a muscle innervated by that

TABLE 17.3. Assessing the patient’s fitness to drive or operate machinery.

Question Red flag answer

Is patient’s alertness adequate? “Inadequate” or “slow”

Is patient’s vision adequate? “Fails to see (sides, blind spots, etc.)”

Is patient’s reaction adequate? “Slow to react” or “Reacts too fast and incorrectly

(e.g., begins to move when the left turn arrow lights
up at a complex intersection even though there is
red light for his/her lane)”

Is the patient’s movement adequate? “Fails to work levers, gears etc.” “Drives in one gear”
Is the patient’s cognition adequate? “Fails to get to destination” “Forgets known routes,
avoids unfamiliar routes etc.”
Is the patient’s vigilance and fine “Can’t drive and talk at the same time” “Swerves
motor control adequate? when changing radio settings”

Source: Data from Meyers et al. (27), Zesiewicz et al. (29), and Rau (30).
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nerve. The result is abnormal if progressively fewer muscle fibers respond to
nerve stimulation during a train of stimuli, producing a “decrementing” pat-
tern in the CMAP (35).

Weakness from abnormal neuromuscular transmission improves after
intravenous administration of 10 mg (in fractional doses) edrophonium chlo-
ride (Tensilon). For a Tensilon test to be considered positive, a dramatic,
unequivocal improvement in muscle function should be observed directly by
the examiner. Increasing weakness after administration of these doses of
Tensilon (a paradoxical response) is also an indication that neuromuscular
transmission is impaired. This test carries significant risks of adverse effects
(respiratory and circulatory) and should not be viewed as “first line” (36).

Electromyography

Abnormal neuromuscular transmission may be seen in electromyography
(EMG) recordings as variability in the shape or amplitude of motor unit
action potentials (MUAPs). Unstable MUAPs also are observed in denervat-
ing disease, especially motor neuron disease, and thus are not specific for
myasthenia gravis (MG). When seen without other evidence of neuronal dis-
ease, unstable MUAP should prompt an assessment for MG or other disecases
of neuromuscular transmission (36).

Single-Fiber EMG

Single-fiber EMG (SFEMG) is the most sensitive electrodiagnostic test of
neuromuscular transmission. It demonstrates increased jitter in a limb or face
muscle in almost all patients with MG. Because of its marked sensitivity,
SFEMG also demonstrates abnormal jitter in other diseases of nerve and
muscle; thus, the results must be interpreted in conjunction with the results of
more conventional electrodiagnostic studies (37).

Other Diagnostic Tests

Although no evidence exists in the literature regarding incidence of specific
types and presentations of neuropathy in the agricultural setting, some pre-
liminary conclusions can be drawn from a commonsense approach. Specific
types of motion may lead to increased risk of entrapment and trauma of
peripheral nerves, and metabolic disease (e.g., diabetes) or nutritional defi-
ciency (e.g., due to malnutrition or alcohol abuse) will either predispose the
patient to development of neuropathy or exacerbate the course of discase.
These considerations necessitate the following minimal battery of laboratory
tests for patients with suspected neuropathic process:

1. Complete blood count
2. Fasting blood glucose
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. Hemoglobin A .

. Antinuclear antibody

. Erythrocyte sedimentation rate

. Renal function tests

. Paraproteinemia workup

. Angiotensin-converting enzyme level

. Lyme serology

. Thyroid function tests

. Rapid plasma reagent (RPR) and HIV serology

—_— O O 0 3O L B~ W
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In addition, we recommend complete hepatitis serology and workup. In
our experience and according to the literature, hepatitis C may present with
symptoms resembling neuropathy. This disease is commonly missed even in a
setting with a well-organized system of delivery of medical services and is
vastly underdiagnosed in the rural population. Results of these tests will elu-
cidate the possible etiology and pathogenesis of the specific disease and com-
plement the electrodiagnostic methods.

Mononeuropathies

In the agricultural setting, mononeuropathies can occur secondary to direct
trauma, compression, stretch injury, ischemia, infection, or inflammatory
disease. Especially common are the nerve entrapments with compression of
the nerve either by normally present anatomical structures or by an external
source. The most common nerve entrapments are at the median nerve of the
wrist (carpal tunnel syndrome) and ulnar nerve of the elbow (cubital tunnel
syndrome). Other mononeuropathies such as femoral (including lateral
femoral cutaneous) and peroneal mononeuropathy are less commonly
observed, while lumbosacral disk syndromes are exceedingly common but are
best addressed in conjunction with aggressive pain management and surgical
evaluation, a modality that requires team approach (38-41).

Compression and entrapment neuropathies are predominantly demyelinat-
ing and result in slowing of the nerve conduction through the affected fibers.
A complete block is observed in acute compression and is uncommon in the
chronic presentation. Secondary axonal changes are expected in patients with
unresolved compression or entrapment that leads to ischemia and nerve tran-
section and are often irreversible as they may lead to both wallerian degener-
ation distally and changes in self-regulation of the neuronal networks at the
spinal level, while simple demyelinating lesions typically have a better capac-
ity to recover.

Nerve conduction studies (NCS) and EMG are extremely useful in defining
the lesion location, the type of damage, and thus the prognosis. It is often nec-
essary to test more than one nerve in any given extremity to avoid the misdiag-
nosis of a mononeuropathy in a patient with polyneuropathic disease (42).
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Radial Neuropathy

In the rural setting, radial neuropathies may result from injury, subluxation
of the radius, compression, or ischemia. The most common complaint is
wrist drop, but other symptoms are noted, especially numbness of the fore-
arm and hand (if the lesion is above the elbow), and pain that resembles ten-
nis elbow. Paresthesias of the back of the hand are almost always an
indication of lesion localization at the wrist level.

Due to the complexity of anatomy and somewhat generic presentation of
radial mononeuropathy, both NCS and EMG are considered to be the gold
standard in diagnosis of this condition and in determining severity of the
lesion and prognosis, including disability in the patient (38).

Management

Since management of lesions of the radial nerve involves the decision
between a conservative approach and surgical decompression (especially at
the forearm level), the earliest and most precise diagnosis is associated with
potential restoration of function and return to work. A repeat NCS or EMG
study should be performed after several months of conservative management
to ascertain the possible regrowth of the nerve fibers and, thus, the need for
reanastomosis via surgery.

Ulnar Mononeuropathy

Because the ulnar nerve is a mixed nerve, supplying muscles in the forearm
and hand and providing sensation over the fourth and fifth digits of the
hand, palm, and posterior aspect of the forearm, very specific symptoms are
associated with its pathology. Physicians are reminded that the most common
site of entrapment is in the wrist (carpal tunnel syndrome) with the elbow
being the second most common. Both the axons and the myelin sheaths may
be affected, often in a selective manner, which in axonal pathology may
involve fascicles to individual muscles, leading to motor unit loss and ampli-
tude/area reduction. Involvement of myelin sheaths (usually as isolated
demyelination) presents as slowing of conduction (abnormal temporal dis-
persion) (39).

Interestingly, men are more susceptible to wrist entrapment than women, a
finding that may be of value in the rural setting where trauma of the elbow
is a common occurrence, while carpal tunnel-associated trauma (i.e., typing)
is less common. Patients commonly present with changes in sensation and
individual muscle strength; some present with a clawed posture of the
hand(s) (38).

Two signs need to be ascertained: the Froment sign (indicates weakness of
the adductor pollicis muscle) and Tinel-2 sign (useful in assessment of carpal
tunnel syndrome-associated neuropathic changes). The Froment sign is man-
ifested by activation of the flexor pollicis longus while the patient attempts to
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pinch the thumb and forefinger or grasping a sheet of paper (the patient may
notice this and describe a failure of the thumb to move “on its own” to reach
the forefinger). The Tinel-2 sign is elicited by tapping over the carpal tunnel;
in a positive sign, this results in a tingling sensation in the distribution of the
median nerve (38).

In all patients NCSs with or without EMG are viewed as the ultimate diag-
nostic and monitoring studies. The NCS measures basic sensory and motor
nerve parameters such as latency, amplitude, and conduction velocity. With
stimulation above and below the elbow and recording from the main belly of
an involved muscle (commonly, abductor digitorum quinti [ADQ] or first
dorsal interosseous [FDI]), the neurologist will both localize the site of
involvement and decide on its severity. We recommend the use of the “inch-
ing” technique (more formally known as the short segment stimulation tech-
nique) for increased resolution and differential diagnosis between
infracondylar (commonly, in the cubital tunnel) or supracondylar (com-
monly as the ulnar palsy tarda) conduction blocks (38,39).

Physicians are also reminded of the common (about 25% of the popula-
tion) anatomical variation, known as the Martin-Gruber anastomosis in
which fibers from the median nerve, typically the motor branches, cross over
and join with the ulnar nerve in the forearm. This abnormal pattern of inner-
vation may lead to confusing findings (e.g., the larger median CMAP ampli-
tude at the elbow has an initial downward deflection, which is not seen at the
wrist). Electrophysiological findings may also ascertain the ongoing loss of
muscle fibers via detection of abnormal spontaneous activity (such as fibril-
lation potentials and fasciculations) (43).

Management

Patients with ulnar nerve damage should be treated aggressively and with a
certain degree of creativity and personalization of care. Depending on the
general medical health status, medications that address vascular and meta-
bolic components of the neuropathic process are warranted. Pain may
respond to nonsteroidal antiinflammatory drugs, opioids, tricyclic antide-
pressants, stimulants (e.g., methylphenidate), and many anticonvulsants (e.g.,
gabapentin). Many patients may need surgical care; thus all patients should
be referred for an appropriate consultation. Electrodiagnostic studies should
be repeated as needed, especially in cases of severe pathology (with motor
amplitude of 10% of normal or a greatly reduced recruitment of motor units,
which, in our opinion, is a sign of poor prognosis for recovery) (43).

Femoral Mononeuropathy

Femoral mononeuropathy in the agricultural setting may be caused primarily
by compression of the nerve as it passes through the psoas muscle and
through the iliopsoas groove. This compression may be caused by excessive
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flexion, abduction, and external rotation of the hip, which occur relatively
commonly in workers whose daily routine requires manipulation of heavy
objects. Blunt trauma to the nerve is also common, as is resulting hemorrhage
that exacerbates the degree of neuropathy (41).

Patients may present with “knee buckling,” another manifestation of mus-
cle weakness that develops relatively rapidly. Paresthesias are rare but possi-
ble, especially if there is involvement of the lateral femoral cutaneous branch
(meralgia paresthetica); in many cases numbness of the medial thigh and the
calf is also present. Decreased patellar reflex and quadriceps wasting are
expected in these patients, as there may be slow and often partial involvement
of the iliopsoas (41).

Evaluation for femoral nerve dysfunction includes NCSs and needle EMG.
If an NCS is performed, it should include sensory studies of the saphenous
nerve and motor studies of the femoral nerve, while EMG should show neu-
ropathic changes in the quadriceps and possibly iliopsoas. The EMG should
be performed in cases of suspected involvement of the lateral femoral cuta-
neous nerve, as it is the easiest modality that allows ruling out upper lumbar
radiculopathy (41).

Peroneal mononeuropathy is common and may be caused by prolonged
sitting in a slightly tilted position, as, for example, in a tractor driver’s seat
or airplane seat, especially in patients who cross their legs or fold the left leg
underneath while pushing the pedals with their right foot. Squatting, espe-
cially in persons of thin stature, is a known risk factor, while obesity is
emerging as the most commonly overlooked source of peroneal nerve com-
pression (40).

In cases of peroneal mononeuropathy, patients present with foot drop that
often spares plantar flexion and foot inversion, night cramps (“charley
horse,” especially early in the course of the disease), and sensory manifesta-
tions such as neuropathic numbness and neuropathic tingling. The gait may
be either high-stepping or foot-slapping or both. Asking patients to walk on
their heels may aid in diagnosis as weakness of foot dorsiflexion will become
more obvious. Differentials include generalized neuropathy, chronic inflam-
matory demyelinating neuropathy, and L5 radiculopathy. All of these can
present with a foot drop but usually spare the foot inverters (40).

Both NCS and EMG are recommended in these patients. The NCS may
indicate peroneal nerve abnormalities, especially in the presence of axonal
damage, which manifests as a smaller compound muscle action potential.
The NCS also allows differentiation among mononeuropathy, vasculitic
mononeuritis multiplex, and generalized polyneuropathy of other (e.g., dia-
betic) etiology.

The EMG is especially valuable in localizing the compression/lesion area(s)
and in differentiation between L5 radiculopathy and peroneal mononeuropa-
thy. The EMG may also suggest involvement of the thigh muscles, which may
necessitate an MRI study of the thigh to rule out mass lesions (40).



17. Neurological Injuries in Agriculture 195

Management

Treatment is dependent on the etiology and location of the lesion. Most
patients with lower extremity mononeuropathies should be treated conserva-
tively with physical therapy, avoidance of motions and postures that caused or
contributed to their condition (e.g., excessive hip abduction and external rota-
tion in femoral involvement, leg crossing or folding in a “semi-lotus” position
in peroneal disorder), and specific braces. Surgery for decompression may be
indicated but may not lead to a complete reversal of symptoms. Pain may be
effectively controlled with analgesics and, more recently, anticonvulsants,
which are rapidly becoming a standard part of the armamentarium. In cases
of neuropathy due to diabetes or vasculitis, immunomodulating therapy may
be attempted (39,40).

Occupational therapy and physical therapy are always desired, as are
patient education and support programs. Unfortunately, the availability of
such programs and treatment modalities may be very limited.

Lower Back Pain

Lower back pain (LBP) is ubiquitous and potentially debilitating and dis-
abling, especially in the context of manual labor-oriented occupations and
occupations that involve strain or vibration applied to the spine. Patients with
LBP require investigation and evaluation by a knowledgeable physician and,
in some cases, by a team of specialists, including a physician and a physical
therapist, and with surgical, occupational, and pain-control consults as
needed.

Diagnosis

There are numerous well-documented approaches to LBP diagnosis and
management. All patients presenting with LBP should be thoroughly exam-
ined. Although most are candidates for electrodiagnostic and imaging stud-
ies, the “hands-on” examination may reveal information that would
otherwise be missed. All patients require palpation of the spine and muscles,
with determination of whether tender or trigger (tender plus spastic
response) points are present in lumbar musculature (often neglected is the
quadratus lumborum muscle, a major source of tender points in conditions
such as fibromyalgia and in somatic presentations). A dolorimetric examina-
tion in which a simple device (dolorimeter) is used to deliver measured
amounts of pressure (up to 10 kg/cm?) is valuable in evaluation of tender
points and may provide evidence of pain pathology (e.g., hyperalgesia or
hyperpathia). Tenderness on palpation of the lower extremity may be due to
referred pain, and tenderness at the level of an involved intervertebral disk is
also common (44).
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Another often-neglected examination technique is the establishment of the
range of motion of the affected spine. Range of flexion, extension, lateral
bending, and rotation should be documented. We recommend the Schober
test as a simple and quick method of measurement of range of flexion of the
spine. In this test, one point is marked midway between the two posterior
sacroiliac spines, and the second and third points are marked 5 cm (2 inches)
below and 10 cm (4 inches) above the initial mark. The distance between the
three points is measured (surprisingly, it is rarely exactly 15 cm!). The dis-
tance is remeasured upon the patient’s flexing of the spine and may be remea-
sured several times, for example, after the patient lies down and relaxes the
muscles for several minutes. The change between erect and flexed measure-
ments of less than 4 cm (1.6 inches) is indicative of restricted range of flex-
ion (44).

Although time-consuming, dermatomal sensory examination may be
needed in cases of lumbar radiculopathy that are not clear-cut and may con-
tribute to an improved choice of locations for needle EMG and other diag-
nostic studies. Hyperesthesia is common, but, since this is a subjective
presentation, its value in diagnosis is controversial (44).

Examination must include bilateral testing of reflexes, with any sign of
asymmetry carefully noted. Provocative maneuvers, such as straight leg
raising, may provide evidence of increased dural tension, indicating under-
lying nerve root pathology. They are also somewhat patient-dependent, but
common consensus is that the straight leg raising test is only considered
positive if pain occurs when the leg is elevated 30 to 70 degrees and when
pain travels down below the knee, as nerve root tension is negligible if the
leg is elevated less than 30 degrees, while painful presentation above 70
degrees is most likely related to muscular pain in the hamstrings or gluteal
muscles (44).

Computed tomography scan of the lumbar spine provides superior
anatomical imaging of the osseous structures of the spine and good resolu-
tion for disk herniation. However, its sensitivity for detecting disk herniations
when used with myelography is inferior to that of MRI, especially the T2-
weighted images, which may show areas of intervertebral disk degeneration
(showing as darker areas due to loss of hydration). Results of CT and MRI
should not be overinterpreted, as many healthy subjects show sometimes dra-
matic changes in disk anatomy, especially as they age. In a sobering study,
Jensen and colleagues (45) found that out of 98 asymptomatic people, 64% of
subjects without any back pain had a bulge, protrusion, or extrusion of the
intervertebral disk at one level, and 38% had an disk abnormality at more
than one level.

Electrodiagnostic studies, including NCS, needle EMG, and somatosen-
sory evoked potentials (SSEPs), should be considered for all patients with
LBP: to clarify the diagnosis in patients with limb pain; to exclude or confirm
presence of peripheral neuropathy and motor neuron disease; and, most
important, to quantify the extent and acuity of radiculopathies, something
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that no other diagnostic modality can provide. We usually recommend per-
forming electrodiagnostic studies after 3 to 4 weeks have elapsed from the
moment of acute injury; axonal changes may be unnoticeable on studies per-
formed before that time. Diagnostic assessment of the late responses, such as
the H-reflex is also a necessity to address the issue of whether proximal nerve
or nerve root (or both) are involved, especially at the S1 level. Needle EMG
affords a particularly high diagnostic yield, especially if the patient had the
onset of symptoms less than 6 to 9 months prior. The SSEP study is indicated
in all cases when involvement of the somatosensory pathways is suspected or
obviously present during the sensory examination (46).

Management

Upon diagnosis, all patients are referred to a physical therapist for a person-
alized treatment and rehabilitation program. Commonly used modalities are
the McKenzie exercise approach, spine stabilization exercises, and strength-
ening of the abdominal and gluteal muscle groups. Vertebral axial decom-
pression (traction) may be considered; however, currently there is no
consensus regarding its efficacy and long-term effects (47).

Surgical consultation may be needed, and the patient is often presented
with choices of simple diskectomy, diskectomy plus fusion, and, less com-
monly, chemonucleolysis, as well as the more modern developments such as
percutaneous diskectomy and microdiskectomy. It is not uncommon to see
that patients remain in pain despite successful surgery. In these patients a
comprehensive battery of imaging and electrodiagnostic studies may be
needed, including a diagnostic selective neural blockade, which may help
determine the involvement of specific nerve root(s), particularly when EMG
alone is hard to interpret (47).

A growing and extremely promising modality is that of therapeutic injec-
tions. It is, in our opinion, a valid and often surgery-sparing option that may
be of limited availability in the rural setting due to scarcity of trained spe-
cialists; it should be strongly considered in all cases when the patient does not
have medical contraindications and is willing to travel to the location of a
specialized treatment center or specialist’s practice (48).

A variety of medications including analgesics (opioid and nonopioid),
anticonvulsants, steroidal and nonsteroidal antiinflammatory agents, locally
injected agents (e.g., anesthetics, steroids), topical agents (e.g., lidocaine
patches, fentanyl patches), stimulants, antidepressants and antiparkinsonian
agents have been all tried and have showed various degrees of efficacy. Table
17.4 lists some of the most commonly prescribed medications for LPB. As
always, a thorough and creative approach to pain management is mandatory.
The authors assert that the mere fact of inclusion of a drug in this table does
not imply any endorsement or that the drug is officially approved in the
United States for the purpose of treatment of LBP-associated neurological
conditions.



TABLE 17.4. Selected medications commonly prescribed for pain management.

Medication

Adult dose

Contraindications

Interactions

Precautions

Nonsteroidal antiinflammatory drugs (NSAIDs)

Celecoxib (Celebrex)

Ibuprofen (Motrin)

200 mg/d PO qd;
alternatively, 100 mg
PO b.i.d.

200-400 mg PO g4-6h
while symptoms persist;
not to exceed 3.2 g/d

Documented hypersensitivity

to ibuprofen or other
NSAIDs; aspirin/
NSAID-induced asthma

Documented hypersensitivity;

peptic ulcer disease;
recent GI bleeding or
perforation; renal
insufficiency; high risk
of bleeding, NSAIDs-
induced asthma

NSAIDs may increase

retention of sodium and
fluid and may raise blood
pressure with ACE
inhibitors and diuretics;
may especially increase the
risk of bleeding (e.g., GI)
among individuals already
taking alcohol, aspirin,
corticosteroids, heparin,
and warfarin; to minimize
risks of adverse effects,
patients should avoid
taking multiple NSAIDs
concurrently

Coadministration with

aspirin increases risk of
inducing serious NSAID-
related adverse effects;
may decrease effect of
hydralazine, captopril, and
beta-blockers; may
decrease diuretic effects

of furosemide and
thiazides; may increase PT
when taking anticoagulants;
phenytoin levels may be
increased when
administered concurrently

Caution with any history of GI

bleeding, hypertension, or CHF;
caution in elderly patients; most
NSAIDs are considered class-D
(unsafe) during the third
trimester of pregnancy; avoid use
during the third trimester of
pregnancy due to potential risk
of effecting closure of the

ductus arteriosus

Category D in third trimester of

pregnancy; caution in congestive
heart failure, hypertension, and
decreased renal and hepatic
function; caution in
anticoagulation abnormalities
or during anticoagulant therapy



Steroids
Prednisone

Ketoprofen (Orudis,
Oruvail, Actron)

Opioids and related

compounds
Oxycodone (OxyContin)

Dosage varies and needs to
be personalized;
commonly, 5-60 mg/d
PO in 1-2 divided doses
initially, followed by
tapering off the
medication over 8-10 d

25-50 mg PO q6-8h prn;
not to exceed 300 mg/d

10 mg PO b.i.d. initially

Documented
hypersensitivity; viral,
fungal, or tubercular
skin infections

Documented hypersensitivity

Patients with a significant
history of respiratory
depression whose
respiratory functions are
not being closely
monitored; severe
bronchial asthma; patients
with hypocarbia;
paralytic ileus

Coadministration with
digoxin may increase
digitalis toxicity secondary
to hypokalemia; estrogens
may increase levels of
methylprednisolone;
phenobarbital, phenytoin,
and rifampin may decrease
levels of methylprednisolone
(adjust dose); monitor
patients for hypokalemia
when taking medication
concurrently with diuretics

Similar to ibuprofen
(see above)

Phenothiazines may
antagonize analgesic
effects; MAOIs, general
anesthesia, CNS
depressants, and tricyclic
antidepressants may
increase toxicity

Pregnancy category C;

hyperglycemia, edema,
osteonecrosis, peptic ulcer
disease, hypokalemia,
osteoporosis, euphoria,
psychosis, growth suppression,
myopathy, and infections are
possible

Category D in third trimester

of pregnancy; caution in CHF,
hypertension, and decreased
renal and hepatic function;
caution in coagulation
abnormalities or during
anticoagulant therapy

Pregnancy category B (D if used

for prolonged periods or in
high doses); caution in COPD,
emphysema, and renal
insufficiency

continued



TABLE 17.4. Selected medications commonly prescribed for pain management. (continued)

Medication Adult dose Contraindications Interactions Precautions
Tramadol (Ultram) 50-100 mg g4—6h; not Documented hypersensitivity; Decreases carbamazepine Can cause dizziness, nausea,
to exceed 400 mg/d opioid-dependent patients; effects significantly; constipation, sweating, and/

Cyclobenzaprine (Flexeril) 10 mg PO t.i.d. initially;

not to exceed 60 mg/d

Metaxalone (Skelaxin) 800 mg (2 tab)

PO t.i.d./q.id.

Tricyclic antidepressants

Amitriptyline (Elavil) 30-100 mg PO hs

concurrent use of MAOIs
or use within 14 days; use
of SSRIs, TCAs, or
opioids; acute alcohol
intoxication

Acute recovery phase of MI;
history of arrhythmia;
heart block; conduction
disturbances;
hyperthyroidism

Documented
hypersensitivity; known
tendency to drug-
induced hemolytic or
other anemias;
significantly impaired
renal or hepatic function

Documented
hypersensitivity; do not

cimetidine increases
toxicity; risk of serotonin
syndrome with
coadministration

of antidepressants

Possible interaction with
MAOIs, alcohol,
barbiturates, and CNS
depressants

None reported

Metabolized by the
P450 2D6 system; therefore,

or pruritus; additive sedation
with alcohol and TCAs; adjust
dose in liver disease, myxedema,
hypothyroidism, or
hypoadrenalism; caution in
those with seizures

Caution in angle-closure glaucoma
and urinary hesitance

Unsafe in pregnancy (category
D); caution in hepatic
impairment

Pregnancy category D (unsafe in
pregnancy); caution in cardiac



administer to patients
who have taken MAOIs
in the past 14 d; use with
caution in patients with
seizures, cardiac
arrhythmias, glaucoma,
and urinary retention
history

drugs that inhibit this
enzyme system

(i.e., cimetidine, quinidine)
may increase the tricyclic
levels; may interact with
thyroid medications,
alcohol, CNS depressants,
barbiturates, and disulfiram

conduction disturbances and
those with a history of
hypothyroidism, renal
impairment, or hepatic
impairment; due to pronounced
effects in the cardiovascular
system, best to avoid in

elderly persons

Anticonvulsants (Note that most of these drugs are not approved by the U.S. FDA for the purposes of pain control and that there is no consensus on appropriate
dosing strategies. All listed medications and anticonvulsants in general should be withdrawn slowly to reduce potential for increased seizure frequency.)

Carbamazepine (Tegretol)

Valproic acid and its
derivatives (Depakote,
Depakene, Depacon,
Divalproex)

200 mg PO b.i.d. and up;
generally not to exceed
1600 mg/d

5-15 mg/kg/d in 1-3 divided
doses, may increase by
5-10 mg/kg/wk; do not
exceed 60 mg/kg/d

Documented
hypersensitivity; history
of bone marrow depression

Documented
hypersensitivity; hepatic
disease/dysfunction

Do not use concomitantly
with MAOIs; cimetidine
may increase plasma levels
and toxicity; avoid
concomitant administration
with Danazol, if possible

Cimetidine may cause
decrease in clearance and
increase in half-life;
erythromycin may increase
serum concentrations;
rifampin may increase oral
clearance by 40%; may
increase diazepam toxicity;
may affect warfarin levels
and may decrease
zidovudine clearance

Unsafe in pregnancy (category D);

not a simple analgesic—do not
use for relief of minor aches or
pains; use with caution in
patients with increased
intraocular pressure; obtain
and monitor blood counts;
may produce drowsiness,
dizziness, or blurred vision

Unsafe in pregnancy (category D);

thrombocytopenia possible,
obtain and monitor blood
counts; hepatotoxic; may cause
pancreatitis; use caution while
driving or operating agricultural
machinery

continued



TABLE 17.4. Selected medications commonly prescribed for pain management. (continued)

Medication Adult dose

Contraindications Interactions

Precautions

Gabapentin (Neurontin) Start at 100 mg b.i.d. or
t.i.d.; increase by
100-300 mg slowly; not to
exceed 3600 mg total daily
dose; alternatively, start
at 300 mg before bed and
shift to divided doses only
after patient’s levels of
drowsiness are ascertained

Lamotrigine (Lamictal) No consensus; may follow
the standard approach in
seizure disorders: weeks
1-2: 50 mg/d weeks 3-4:
100 mg/d in 2 divided
doses; maintenance:
300-500 mg/d (in 2
divided doses)

Topiramate (Topamax) Introduce very slowly to
minimize the risk of
cognitive adverse effects;
commonly, begin at
25— 50 mg/d PO,; titrate by
25-50 mg/d at 1-wk
intervals to target dose
of 200 mg b.i.d.; not to
exceed 1600 mg/day

Documented hypersensitivity ~ Antacids may reduce
bioavailability by about
20% and should be
administered at least 2 h
before gabapentin;
cimetidine may reduce
clearance but may not be
of clinical significance;
conversely, may increase

norethindrone levels by 13%

Documented hypersensitivity ~ Acetaminophen increases
renal clearance, decreasing
effects; phenobarbital
and phenytoin increase
metabolism, causing
decrease in levels; valproic

acid increases half-life

Documented hypersensitivity =~ Reduces digoxin and
norethindrone levels;
carbonic anhydrase
inhibitors may increase risk
of renal stone formation
and should be avoided;
may have additive effect
with CNS depressants in
CNS depression and other
cognitive or

Safety for use during pregnancy
has not been established
(category C); use caution in
patients with severe renal disease

Safety for use during pregnancy
has not been established
(category C); use caution in
patients with impaired renal or
hepatic function; associated
with a rash in 5% of patients

Safety for use during pregnancy
has not been established
(category C); may cause
cognitive slowing; increases risk
of developing kidney stone by
2-4 times that of untreated
population (i.e., from 1.5% to
3.0-6.0%); this risk may be
reduced by increasing fluid
intake; use cautiously in



neuropsychiatric adverse patients with renal or hepatic

effects impairment
Tiagabine (Gabitril) 4 mg PO qdin 2 or Documented hypersensitivity ~— Cleared more rapidly in Safety for use during pregnancy
4 divided doses; increase patients who have been has not been established
by 4-8 mg/wk until clinical treated with carbamazepine, (category C); moderately severe
response is achieved; do phenytoin, primidone, or to incapacitating generalized
not exceed daily dose of phenobarbital than in weakness has been reported in
56 mg/d administered patients who have not as many as 1% of patients

received these drugs

ACE, angiotensin-converting enzyme; CHF, congestive heart failure; CNS, central nervous system; COPD, chronic obstructive pulmonary disease; FDA, Food and
Drug Administration; MAOI, monoamine oxidase inhibitor; MI, myocardial infarction; PT. prothrombin time; SSRI, selective serotonin reuptake inhibitor; TCA, tri-
cyclic antidepressant.

Source: Data from Physicians Desk Reference (49).
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Dermatological Conditions

JAMES E. LESSENGER

Key words: predisposing factors, patch testing, wood’s light, urticarian, dermatitis

Skin problems in worldwide agricultural workers are very common. Among
California grape and tomato harvesters, pustular eruptions such as acne and fol-
liculitis were present in 30% of studied workers. Irritant or allergic contact der-
matitis was present in 2%. In Iowa, 9.6% of male farmers and 14.4% of wives of
farmers reported dermatitis during the previous 12-month period. In Washington
State, researchers studied 7445 claims for occupational skin disorders filed over a
S-year period. Medical bills totaled $1.22 million, and lost time payments were
$1.23 million. The highest rates of occupational skin disorder claims were seen in
agriculture with 2.8 claims per 10,000 full-time equivalent employee years. Most
of these skin disorders were due to chemical and vegetation exposures (1-4).

Among northern Ecuadorian potato farm workers, high rates of dermatitis
and pigmentation disorders were attributable to the use of pesticides and fungi-
cides. Among California farm workers, skin disease rates were found in tomato
workers (6.2%), citrus (10.8%), and vineyard workers (21.0%). Factors found to
contribute to dermatitis in farm workers included the specific type of crop cul-
tivated, specific job activity, use of personal protective measures, field and home
sanitation, environmental conditions of heat and humidity, personal hygiene,
allergic history (including atopy), and ethnicity. Several pesticides were shown to
cause irritant and allergic contact dermatitis. Causes were found to include pes-
ticides, naturally occurring plant substances, heat, sunlight and humidity, atopy,
and infectious fungal and bacterial agents (5,6).

In Maryland, a study of watermen, people who harvest crabs, oysters and
fish, demonstrated elevated rates of basal cell carcinoma, squamous cell car-
cinoma, and actinic keratoses (7).

Prevention Strategies

Preplacement Physical Examination

Preplacement examinations are useful in two ways: (1) making an inventory
of the skin problems the worker has before beginning a task, and (2)

207
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identifying conditions that may preclude working at a specific job task. It
may be impossible to exclude a given employee from a task due to legal or
political restrictions. Therefore, the preplacement physical examination can
identify the problems a prospective employee has and recommend specific
control measures designed to keep from making it worse. An example of a
condition that may preclude working at a specific job task is chronic eczema
in a person applying to work with garlic and other crops that produce aller-
gic responses (8,9).

Training

Educating the worker in proper handling methods for agricultural products
and operation of equipment is essential in preventing occupational illness
and injury. The proper operation of equipment can prevent exposures to
toxic substances of all kinds. For example, teaching a pesticide applicator the
proper way to mix chemicals can prevent spills and lessen the possibility of
exposure (10,11).

Safety Equipment

Equipment designed to provide safety barriers can significantly reduce occu-
pational illness and injury. Examples include air-conditioned, sealed cabins in
pesticide application machines, automatic spice-packing machines that
require no human contact, and sun shades for field workers to protect against
the sun (11).

Personal Protective Equipment and Clothing

Hats, long-sleeved shirts, long trousers, and gloves protect against plants,
chemicals, and insects that can cause rashes and other skin lesions. Protective
clothing can also protect against sun damage. Protective ensembles, often
made of advanced fibers and with vapor barriers, are used to protect against
chemical exposures. The trade-off is that these ensembles expose the worker
to heat injuries. Constant air-cooling devices can sometimes mitigate the risk
of heat injury, but many times the employees must work at night. Unfortu-
nately, away from the supervisors and designers of the equipment, workers
simply remove the equipment rather than risk heat exhaustion or a decrease
in production (11,12).

Hygiene
The following hygiene guidelines have been suggested:

1. Provision of effective, nonirritating, nonallergenic skin cleansers
2. Use of emollients, hand lotions, and creams after hand washing
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. Frequent clothing changes, when possible

. Daily showering

. Rapid removal of oil and chemical soaked clothing

. Use of company laundering facilities or separate laundering facilities in
the house

. Prohibition of eating, drinking, or smoking in the work area

. Use of sun block (8,9,11,13)
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Hand cleansing with organic solvents such as mineral oils or paint thinners,
or the hand cleaners that contain them, should be discouraged. The repeated
use of organic solvents can desiccate the skin of the hands and cause a chronic
irritant dermatitis. When using soap and water to clean the hands, care must
be taken to remove as much grease and oil as possible from the creases and
pores. Small pieces of metal or organic material left in the creases can cause a
foreign-body reaction and lead to chronic irritant dermatitis (11,13).

Elimination of Hazards

Solvents that cause dermatitis may be eliminated with a switch to a less irri-
tating substance. The use of pesticides that lead to chloracne may be
reduced with modern equipment using laser sensors that turn off spray noz-
zles when passing between trees or turning corners. A packing or produc-
tion process in the open air can be moved into a shed to provide sun
protection (11).

Approach to the Diagnosis
The History

Predisposing Factors

Not every worker exposed to an agricultural environment will develop an
occupational skin disease. Factors that place the worker in greater or lesser
jeopardy are age, the work environment, a history of atopy and other allergic
conditions, the presence of concomitant skin disease such as psoriasis, plant
or field cleanliness, worker cleanliness, and the gender of the worker. Younger
workers may be inexperienced or not follow safety regulations. There is also
the phenomenon of “hardening” seen in older workers who have been work-
ing in the particular agriculture environment for a long time. On the other
hand, younger workers may heal faster (Table 18.1) (9,14).

Temperature and relative humidity are also important factors in the devel-
opment of skin disorders. Cool, dry environments favor xerosis and xerotic
eczema. Warm, humid environment favors the development of miliaria and
folliculitis. Sun exposure leads to skin tumors, increasing in severity and
number with the extent of exposure and with certain skin types. Poor hygiene
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TABLE 18.1. Predisposing factors of skin disease in agriculture.

Age Relative humidity
Younger workers Wind
Positive Sun exposure
Heal faster Presence of concomitant skin disease
More resilient Psoriasis
Negative Atopy
Fail to follow safety regulations Irritant contact dermatitis potentiating
Inexperienced in job tasks allergic contact dermatitis
Older workers Work-site cleanliness
Positive Worker cleanliness
Hardening phenomenon Availability of wash stations
Follow safety regulations Gender of the worker
Experienced in job task Men are more prone to acneiform
Negative eruptions
Less resilient and heal slower Women tend to be more fastidious
Environment in cleanliness
Temperature Use of safety equipment and procedures

Source: Data from Peate (9) and Wollenberg et al. (14).

and lack of bathing facilities may extend the time the offending substance is
on the skin and exacerbate the illness (8-11,15).

Having a skin disorder can predispose a worker to other skin disorders.
Workers with atopic dermatitis are more prone to allergic contact dermatitis.
Psoriasis (through the Koebner phenomenon) worsens on exposure to heat,
irritating chemicals, or extreme cold. Workers with preexisting irritant con-
tact dermatitis or xerosis are more likely to develop secondary allergic sensi-
tization (9).

Gender also makes a difference. Hairiness, sebum and sweat production,
and the pH of the skin make male workers more prone to acneiform erup-
tions. Women seem to be more fastidious in removing dirt from skin and
clothing and are thus more protected (8,9).

History of the Illness

It is important to accurately record the worker’s personal data and history of
the illness as summarized in Table 18.2 (8,9,16-19).

Physical Examination

Objective findings should be described in detail, beginning with where on the
body the problem started. Objective information is listed in Table 18.3. Dia-
grams of the distribution of the lesions can be extremely helpful, especially
when used in conjunction with photos. Photos may be important to docu-
ment the lesions for insurance claims and to demonstrate improvement over
time (Table 18.3) (16-18).



TABLE 18.2. Dermatological history.

Worker identifying data

Age

Gender

Skin color

Job title

Actual job task

Insurance information

Exposure information

Date and time of onset of skin
lesion

Previous similar lesion from same job

Job task at time of onset

Where on the body it started

Whether the lesion is painful, burning,
or pruritic

Previous treatment, over-the-counter
or prescription, and did it make the
lesion better or worse

Presence of other employees at the
work site with similar skin
lesions

Work description
History of what the employee came
in contact with on the job
What protective equipment was used?
Other jobs the employee might have
Use of deodorants, cosmetics, perfumes,
or other hygiene products
A complete employment and exposure
history may be necessary
Past history
Prior skin exposures and lesions
Systemic illness
Allergies
Prior compensation claims
Social history
Recreation
Hobbies
Personal habits, e.g., smoking, alcohol
use, drug use
Jobs around the house or the employee’s
own ranch or farm

Source: Data from Zugerman (8), Peate (9), Lazarus et al. (16), and Lebwohl et al. (18).

TABLE 18.3. The physical examination.

Color
Distributions
Externally induced or contact
Photodistribution
Zosteriform or dermatomal
Other terms
Generalized
Localized
Symmetric
Flexural or extensor
Palmoplantar
Factitious
Morphology
Macule
Patch
Papule
Nodules and tumors
Plaque
Bulla
Vesicle
Pustule
Ulcer
Erosion
Fissure
Crusting
Oozing
Wheal

Telangiectasia

Induration

Atrophy

Burrows

Scales

Lichenification

Comedos

Configurations

Round lesions
Nummular eczema
Targetoid
Discoid
Annular

Serpiginous

Herpetiform

Linear

Reticular

Verrucous

Guttate

Alopecia

Factitious
Periorificial
Periungal

Secondary changes

Excoriations

Hyperpigmentation

Hypopigmentation

Source: Data from Lazarus et al. (16), Callen et al. (17), and Lebwohl et al. (18).
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Diagnostic Testing
Patch Testing

The patch test is a valuable clinical tool to establish the diagnosis of allergic,
not irritant, contact dermatitis. Approximately 80% to 90% of all cases of
contact dermatitis are irritant, not allergic. Because irritant contact dermati-
tis is influenced by the chemical nature, quantity of substance (concentration,
frequency, duration), and the nature of the contact with the skin (inflamma-
tion, skin temperature), positive patch tests to irritant may be produced in
most individuals. Irritant patch test reactions only indicate that a particular
substance, under conditions of occlusion against a skin surface for 24 hours,
is capable of causing skin inflammation. For example, oil may be used in a
patch test and may produce inflammation within 24 hours, but in actual
working conditions the oil contact may be dilute and transitory. Conversely,
a weakly irritant substance such as alcohol may produce no inflammation
under testing conditions but in an agricultural setting may cause skin drying
and eventual inflammation. Therefore, the diagnosis of irritant dermatitis is
based on exclusion, a reasonable index of suspicion, knowledge of the phys-
ical properties of the chemical, and an understanding of the agricultural
workplace (20).

Patch testing is usually performed for one or more of the following
reasons:

1. Precise identification of an allergen
2. Facilitation of management
3. Guidance in rehabilitation and return to work (20,21)

Routine patch test screen kits are aimed at the identification of the most
common cutaneous allergens. These kits have been standardized so that only
allergic individuals react to patch testing. The TRUE Test™ panels, which are
the only patch testing devices approved by the U.S. Food and Drug Admin-
istration, consist of 24 patches, one of which is a negative control. The
remaining 23 patches contain 42 unique allergens and four complex mixtures
(21,22).

Nonstandardized substances taken directly from the workplace present a
special problem and should not be tested unless the physician has had a great
deal of experience in testing (8,9,20).

Patch testing is especially useful in documenting contact dermatitis from
cosmetics, fragrances, and botanicals. Because workers in agriculture can be
employed in the growing, harvesting, and processing of natural fragrances
and botanicals, a patch test has the potential of confirming or ruling out the
potential source of a worker’s rash as industrial or nonindustrial in origin
(23).

Theoretically, the positive allergic test will develop only in exposed indi-
viduals and not in unexposed controls. When testing with nonstandardized
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workplace substances, as many as 20 or more controls may need to be used
before a positive reaction indicates allergy and not a false-positive irritant
reaction. A positive reaction is interpreted as an area of inflammation (ery-
thema and induration) on the skin where the controls have none (20).

The material to be tested can be in either solid or liquid form. When lig-
uids are tested, they should be placed in a relatively inert vehicle such as
petroleum, water, or mineral oil. The concentration should be sufficient to
elicit allergy but not to cause irritation. Some industrial chemicals are not
appropriate for testing because they are too irritating; others must be diluted
to concentrations of 1:100 or 1:1,000 for testing. The material is placed in
chambers and taped to the patient’s upper back or upper-outer arm. They
remain in place for 48 hours and are read at 48, 72, or 96 hours after appli-
cation (20-23).

The International Contact Dermatitis Groups has suggested the following
terminology for reporting patch-test results: NT, not tested; ?+, doubtful
reaction; +, weak reaction (nonvesicular); ++, strong reaction (edematous or
vesicular); and +++, extreme reaction. “IR” represents an irritant reaction
and “ph” placed before any of the above indicates a photoreaction (20).

False-positive patch tests can occur when:

. The test concentration is too high.

. There is a failure to run controls.

. Testing is done on inflamed skin.

. There is generalized, widespread eczema.

. There are multiple strongly positive reactions, the allergen is contaminated,
and an irritant vehicle was used.

. There is the incorrect assumption that the allergen is actually present in the
work environment (8,9,21).
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False-negative reactions occur when:

. Test concentrations are too low.

. There are deviations from the standard testing technique.

. There is failure to test all potential environmental exposures.

. The wrong vehicle is used.

. The substance is a photosensitizer.

. There is an incorrect assumption that the allergen is not in the work envi-
ronment (8,9,20,21).
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Inappropriate testing may sensitize a worker to a substance to which he
was not previously allergic. There may also be localized complications of the
site, including pigment changes, keloid formation, scarring, infections, and a
flare of generalized eczema. The strip patch test is useful in testing for sub-
stances with poor percutaneous penetration. Penetration of the substances is
enhanced by repeated applications of adhesive tape prior to their application
to the skin (20-22).
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Biopsies

The surgical removal of skin can be diagnostic as with punch biopsies or inci-
sional biopsies or curative as with an excisional biopsy. Written consent must
be obtained, and sterile conditions maintained. Proper wound management
is essential. The specimen needs to be evaluated by a pathologist or compe-
tent dermatologist. Biopsies are especially helpful in situations where neo-
plasms are suspected (24).

Special stains, including immunological studies, can aid in diagnosis. These
special stains are useful in diagnosing rare skin cancers and deciding between irri-
tant and allergic contact dermatitis in questionable clinical presentations (24).

Cultures

Cultures are important in confirming or disproving viral, bacterial, or
mycotic skin infections. They are only as good as the techniques used to col-
lect, transport, and evaluate them. Sensitivity reports are helpful in ensuring
the correct antibiotic has been used.

Scrapings

Scrapings are useful in two ways: (1) diagnosing scabies and (2) confirming
mycotic infections. Farm workers often confuse scabies with pesticide rashes.
By scraping the scabietic areas and demonstrating the parts of Sarcoptes sca-
biei on a slide with KOH, the worker can see that the rash is really an infes-
tation and not due to a chemical (1,8,9).

When cutaneous mycotic infections are inspected, a useful technique is to
scrape some of the top layer of the skin and place it on a microscope slide.
The specimen is then treated with KOH and examined under the microscope
for hyphae and conidia (8,9).

Ultraviolet (UV) Light (Wood’s Light)

The actual use of the Wood’s light requires minimal skill. The lamp should
be allowed to warm for 1 minute and be used in a dark room. It is important
the user be dark adapted to see the contrasts clearly. Wood’s light is unreli-
able in darker skin types, and it is possible to obtain fluorescence from topi-
cal medications, lint, and soap residue. It is useful in diagnosing pigmentary
disorders, cutancous infections, and the porphyrias. A Wood’s light is useful
in diagnosing the following cutaneous infections:

1. Pseudomonas where the bacteria fluoresce green

2. Erythrasma caused by Corynebacterium minutissimum, which shows coral-
red fluorescence

3. Propionibacterium acne, which shows an orange-red fluorescence and is
useful in distinguishing the chloracne of organochloride exposure from
adolescent acne
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4. Dermatophytes

5. Tinea versicolor caused by Malassezia furfur, which shows a yellowish-
white or copper-orange fluorescence and is common in agricultural work-
ers who work in damp areas or water (25)

Site Visits

The dermatological site visit can have a preventative as well as a diagnostic
value. Site visits allow the physician to do the following:

1. Make an etiological diagnosis by observing working conditions, personal
hygiene, and work exposures

2. Make practical recommendations for job modification to manage skin
disease

3. Obtain further information by seeing other employees and reviewing med-
ical records

4. Obtain information on the industrial process

5. Develop better rapport with management and employees

Refer to Chapter 11 for more information on work-site visits (8,9).

Management Strategies

Wet Dressings

Absorbent material such as cotton dressings moistened with cool water or
Burrow’s solution (aluminum acetate diluted 1:40 in water) should be applied
to the affected area four to six times a day. The effects of this treatment
include bacteriostasis, gentle debridement, debris removal, and evaporative
cooling to lessen pruritus (8,9).

Warm, moist dressings are useful in superficial and deep bacterial skin
infections in debridement, surfacing of the infection, absorbing purulent
material, and reducing pain and itching.

Emollients

Topical agents such as petrolatum (Vaseline) provide an occlusive film over
inflamed skin, decrease fissuring, and reduce evaporation. They are most
effective when applied after the skin as been soaked or washed in water (8,9).

Topical Steroids

Topical steroids have no effect on acute vesicular reactions but are useful in
other inflammatory skin reactions. They are useful in eczematous lesions.
Topical steroids come in four potency levels for use on various levels of the
skin. For example, very high potency steroids are best used on thick-skinned
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areas such as the palms and soles, while low-potency steroids should be used
on the face, groin, and intertriginous areas. Once-a-day dosing is as effective
as dosing two or three times a day, and occlusive dressings of plastic or a sim-
ilar wrap will magnify the potency. Adverse effects include percutaneous
absorption, skin atrophy, rebound papular dermatitis after use of medium
high potency applications, and striae formation (26).

Systemic Steroids

Short courses of prednisone, in a dosage of 40 to 60 mg per day for 5 to 7
days, are indicated when the lesions are widespread, edematous, and vesicu-
lar or bullous (8,9).

Systemic Antihistamines

Systemic antihistamines counter histamine released from mast cells in the
skin and mucous membranes. They are sedating, and workers should not
operate equipment after taking them.

Diphenhydramine (Benadryl) is used in a dosage of 25 to 50 mg, three to
four times daily. Hydroxyzine hydrochloride (Atarax) 25 mg three or four
times a day is useful for reversing pruritus (8,9).

Doxepin (Sinequan) 10 to 30 mg at night is effective as an antipruritic but
can cause anticholinergic effects. A 5% doxepin cream (Zonalon) is also effec-
tive (8,9).

Disease Complexes in Agriculture

Table 18.4 summarizes the clinical forms of occupational skin disease in agri-
culture.

Irritant Contact Dermatitis

Irritant contact dermatitis involves a nonimmunologic response to a sKin irri-
tant. Injury develops over days to months through disturbance of cell hydra-
tion and functions as a result of the defatting action of prolonged exposure
to weaker irritants such as water, solvents, or soaps. More concentrated solu-
tions cause a more immediate response. Xerosis dominates. Under excessively
moist working conditions, these skin irritants can cause severe cell hydration
and result in maceration, most often in the feet and groin (1,8,9).

Irritant contact dermatitis typically appears in exposed or contact areas, in
thin skin more often than thick, and in areas around the belt or collar. The
rash may be difficult to differentiate from the rash of allergic contact der-
matitis. Acute lesions are painful, weepy, and vesicular, whereas chronic
lesions are dry, erythematous, cracked, and lichenified. The lesions assume a
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TABLE 18.4. Clinical forms of occupational skin disease in agriculture.

Irritant contact dermatitis
Contact dermatitis
Chemical skin burns

Allergic contact dermatitis
Allergic contact dermatitis
Acute and chronic urticaria
Latex allergy

Photodermatitis
Phototoxic
Photoallergic

Follicular and acneiform dermatoses

Pigmentation disturbance
Hyperpigmentation
Hypopigmentation

Neoplasms
Basal cell carcinoma (BCC)

Squamous cell carcinoma (SCC)

Actinic keratosis (AK)

Melanomas
Ulcerations

Accidental

Intentional
Granulomas

Animate agents

Inanimate agents
Infections

Bacterial

Viral

Mycotic

Rickettsial

Parasitic

Protozoan

clearly demarcated pattern and are often asymmetric and unilateral, for
example in the distribution of a glove that became soaked in chemicals.
Hardening or adaptation of the skin may occur as a result of repeated con-
tact with moderate irritants (Table 18.5) (1,8,9).

Treatment begins with removal of clothing and decontamination with
water. Definitive treatment includes wet dressings and topical and systemic
steroids. Secondary infections may require systemic antibiotics (1,8,9).

TABLE 18.5. Differences between allergic and irritant contact dermatitis.

Feature Irritant reaction Allergic reaction
Appearance Erythema Polymorphic with erythema, edema,
Erosion without and vesicles
infiltration

Glazed appearance
on bulla without

erythema
First manifestation Immediately to 5-14 days for first manifestation
24 hours 24-72 hours following reexposure
Threshold High Low

Index of sensitization Nearly 100%,

depending on

Variable, but usually fairly low

concentration
Transferable No Yes
Patch test Not useful Useful
Examples of causative Soaps, solvents, Nickel, chrome, epoxy
substances acids, alkalis

Source: Reprinted from Zugerman (8), with permission.
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Chemical Skin Burns

Severe skin irritations are a rare but serious hazard. On contact, strong acids,
alkalis, and heavy metals may cause chemical burns. The skin reacts immedi-
ately, and a lesion appears quickly. These lesions may progress to erosions
and necrosis (1,8,9).

Immediate removal from exposure, removal of contaminated clothing, and
irrigation with water can limit the extent of injury. It is a mistake to treat
alkali burns with acid or acid burns with an alkali because it will result in
additional damage through an exothermic reaction. Burns are best treated
with Silvadene dressings, and tetanus prophylaxis must be assured. Large or
full-thickness burns may require hospitalization, especially if the patient has
other systemic illness such as diabetes (8,9).

Allergic Contact Dermatitis

Allergic contact dermatitis is an immunologic cell-mediated response to an
exposure to an antigenic substance. The most common sensitizing agents are
medications, plants, insect and snake bites, and certain food products. The
percentage of workers who react to these agents varies widely. For example,
only 6% of persons react to nickel, whereas as many as 70% react to poison
oak or poison ivy. From 10% to 17% of workers who use latex gloves react to
latex. Sensitization to one chemical may induce a cross-sensitization or cross-
reactivity to related chemicals (1,8,9,27).

The rash is usually pruritic and typically appears in areas exposed to the
sensitizing agent. It usually has an asymmetric or unilateral distribution
and is characterized by erythema, vesicles, and severe edema. Treatment
typically includes topical and systemic steroids, antihistamines, and tri-
cyclics. Desensitization serums to many substances commonly found in
agriculture are available from allergists and supply companies (Figure 18.1)
(1,8,9,18).

Urticaria

Acute and chronic urticaria and angioedema can result from exposure to a
number of agricultural products. They may be caused by immunologic and
nonimmunologic histamine releasers. Immunologic mechanisms involve type
I (immunoglobulin G [IgG]-mediated), type 11 (cytotoxic antibody—mediated),
or type III (immune complex—mediated) reactions. Nonimmunologic mecha-
nisms usually involve substances such as aspirin that directly incite the release
of histamine and other mediators from mast cells. Medications, foods, food
additives, and the bites of insects and snakes have been implicated. Common
food allergies include shellfish, fish, eggs, nuts, chocolate, berries, tomatoes,
cheese, and milk (27).
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FIGURE 18.1. Allergic contact dermatitis from garlic in a production worker. (Photo
by Dr. James E. Lessenger.)

There are four categories of urticaria:
1. Localized: a wheal and flare only where the chemical or substance touched
2. Angioedema: a generalized urticaria over the entire body
3. Pulmonary: manifested by wheezes
4. Anaphylaxis: manifested by a sudden onset of shock

Treatment for urticaria includes antihistamines, tricyclics, and systemic
steroids (27).

Latex Allergies

Most of the use of natural rubber latex (NRL) is in the medical field where
use increased dramatically as a response to the increased need for bloodborne
pathogen control in the AIDS epidemic. Natural rubber latex is also used in
worldwide agriculture to protect the hands of workers, especially for
research, artificial insemination, and veterinary services (28-30).
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The principal nonrubber components of NRL are proteins; 60% by weight
of protein is bound to rubber, and 40% exists in a free aqueous phase. The
product that arrives on the shelves in the form of gloves may have as many as
16 natural polypeptides with the ability to bind IgE antibodies (28-30).

Latex hypersensitivity reactions are categorized into two main types: (1)
type IV or delayed (cell-mediated) hypersensitivity reactions, and (2) type I
or immediate (IgE-mediated) anaphylactic reactions. Risk of sensitization
is dependent on the frequency and intensity of NRL exposure. Atopy is a
risk factor, as are allergies to foods such as banana, kiwi, avocado, and
chestnut, which contain allergens that cross-react with antibodies to latex
proteins. Typically the dermatitis is localized to the hand where the gloves
are worn and is manifested by a polymorphic, erythemic rash with edema
and vesicles. Chronic rashes may progress to maceration or lichenification
with fissures. Along with hand dermatitis, the symptoms of asthma,
rhinoconjunctivitis, hand urticaria, and general urticaria are seen in aller-
gic individuals (28-30).

Patch and prick tests and a serum antibody test are available, but the diag-
nosis is primarily made by the clinical presentation. Prevention of occur-
rences entails offering alternative gloves of vinyl or nitrile to workers with a
history of atopy or allergies to key foods. Treatment for the acute dermatitis
consists of moist compresses and topical steroids. Research has documented
that the purchase of powder-free NRL examination gloves significantly
reduces the incidence of new cases of latex allergic dermatitis (28-30).

Photodermatitis

Adverse reactions to the sun’s rays have become more commonplace because
an increasing number of photosensitizers are entering our environment from
industrial, cosmetic, and pharmaceutical sources. Two types of photosensi-
tivity can occur: phototoxic and photoallergic. Clinically, these reactions usu-
ally resemble sunburn (31-33).

Phototoxic reactions may be induced by endogenous or exogenous chemi-
cals. Endogenous photosensitizers made by the body include porphyrin mol-
ecules. Exogenous photosensitizers may arrive on the skin through topical
applications or may be distributed through the body by the blood flow. Top-
ical photosensitizers are found in cosmetics, medications, plant, and indus-
trial and air pollutant emissions. Plant sensitizers include celery, carrots,
grasses, and lime. Systemic photosensitizers are primarily medications
(31-33).

Acute and chronic phototoxic reactions may occur. The acute response is
characterized by erythema and edema followed by hyperpigmentation and
desquamation. The end point of chronic damage may be cutaneous cancer
formation as a result of nucleic acid and cytoplasmic molecular injury. Treat-
ment consists of removal of the offending agent and systemic steroids
(31-33).
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Photoallergy is uncommon and acquired through altered reactivity to an
antigen. The immune response may be antigenic or cell mediated and pres-
ents with urticaria or eczema. Examples of substances causing photoallergic
reactions include musk ambrette (after-shave), hydroxychloroquine, ketopro-
fen, and celecoxib. Treatment is removal of the offending substance and sys-
temic steroids (31-33).

Follicular and Acneiform Dermatoses

Exposure to solvents and oils results in the mechanical blockage of the
pilosebaceous units and leads to “oil acne.” “Coal-tar acne” is produced by
exposure to coal tar and shares the same causes and presentations as oil acne.
Exposure to halogenated hydrocarbons can cause a diffuse, papular acne-
form rash called chloracne (34-36).

In oil acne and coal-tar acne, comedos, pustules, and papules are typically
present over inflamed and erythemic skin. Typical areas of exposure and dis-
ease are the hands and arms. Occupational acne may aggravate existing acne,
usually on the face and neck, or be confused with adolescent acne. Secondary
infection from bacterial folliculitis is common. Frequent cleaning and avoid-
ance of the offending substance is critical. Infections respond to antibiotics
(34-36).

Chloracne is also seen in people exposed to dioxins, a by-product in the
manufacture of herbicides. Removal from exposure typically resolves the
condition (34-37).

Pigmentation Disturbances

Acquired pigmentary changes are common among agriculture workers and
fall naturally into the categories of hyper- and hypopigmentation. As
opposed to tattoos and stains, pigmentary disturbances are caused by an
increase or decrease of melanin in the skin. Stains typically arise from han-
dling natural products such as nut husks and hemp. The psychosocial impli-
cations of these disorders can be substantial. It is important to diagnose
hereditary causes of pigmentation changes through careful history taking,
including a family history (18,19,38-40).

Hyperpigmentation

In agriculture, an increase in melanocytes in the skin is caused by physical
and chemical causes. Physical causes include trauma, repetitive friction,
chronic sun exposure, and burns. Burns can be chemical, radiological, or
thermal. Chemical causes include tars and pitch, and psoralens from plants
such as celery and limes (19,38-40).

The most commonly used treatment is topical hydroquinone. Other
phenolic agents, such as N-acetyl-4-cystaminylphenol (NCAP), are currently
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being studied and developed. Nonphenolic agents, which include tretinoin,
adapalene, topical corticosteroids, azelaic acid, arbutin, kojic acid, and
licorice extract, are also used for hyperpigmentation disorders (18,19,38-40).

Hypopigmentation

Physical agents that cause a decrease in melanin include burns (chemical,
radiological, and thermal) and trauma. Chemical causes include postinflam-
matory changes after contact dermatitis, phenolics, and catecholics (alkyl
phenols), such as tertiary butyl phenol, tertiary butyl catechol, and hydro-
quinone. Licorice extract also causes the disorder. The treatment includes
psoralens (18,19,38-40).

Cutaneous Neoplasms

Agricultural occupational skin cancers are malignancies that result from
exposure to carcinogenic forces present in agriculture. Of all occupational
cancers, 75% are skin cancers, and 60% of those are basal cell carcinomas
(BCCs), 34% are squamous cell carcinomas (SCCs), and 6% are mixed.
Actinic keratoses (AKs) are precancerous lesions caused by excessive sun
exposure. Melanomas may occur but typically appear in older persons, and
their exact rate in agriculture is unknown. In Finland, lip cancer (BCC and
SCC) is extremely common but cancers of the head aren’t, presumably due to
wearing hats (Table 18.6) (1,8,9,37,41,42).

Causes of Agricultural Skin Cancers

Fair skin, blond hair, and blue eyes predispose to the appearance of skin can-
cers in Caucasian people. The elevated levels of melanin in dark-skinned peo-
ple offer an incomplete protective effect. The most common types of cancer
that affect the Caucasian population are BCC and SCC (43).

There are five recognized causes of agricultural skin cancers:

1. Chemical carcinogens

2. Cocarcinogens or promoters

3. Physical carcinogens

4. Ionizing radiation

5. Nonionizing radiation (41,43,44)

Chemical Carcinogens

Coal-tar, mineral oils, pitch, soot, and asphalt are common chemical car-
cinogens. Chemicals that contain 4- to 5-ring aromatic hydrocarbons such as
benzene and pyrene are potent carcinogens. Arsenic used in sheep dip has
caused skin cancer in sheepherders. Used as a wood preservative for vine trel-
lises in some parts of the world, arsenic can cause skin cancer in vineyard
workers (1,41).
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TABLE 18.6. Diagnostic findings in agricultural skin cancers.
Type of
tumor Location Color Morphology Metastasis Treatment
Basal cell Chronically Pearly gray Circumscribed Slow but Cryotherapy
carcinoma  sun- or slightly relentless Curettage
(BCO) exposed diffuse growth, and
areas Morpheaform, rarely electro-
nodular, metastases desiccation
infiltrating, excision
or superficial (Mohs’
surgery)
Squamous 1. Sun Erythemic Keratotic Slow and Same
cell exposed. papule or relentless,
carcinoma 2. Secondary nodule that metastasis
(SCC) to scarring may ulcerate occurs
Process
Actinic Pale sun- White Rough scaly, Doesn’t Topical
keratosis exposed keratin usually metastasize, S-fluorouracil
(AK) skin <less than can evolve Cryotherapy
>lcm into BCC Curettage
Electro-
desiccation
Dermabrasion
Laser
resurfacing
Melanomas Sun-exposed  Variable, Asymmetric Wide excision
skin, dark lesions, (Mohs)
history of brown border Further
sunburns to red irregular, treatment
to black color as direction
variability by the stage

Source: Data from Lazarus et al. (16), Callen et al. (17), Lebwohl et al. (18), and Maibach and

Zhai (19).

Cocarcinogens or Promoters

These substances accelerate the cancer after it is induced, typically a 4- to
S-ring hydrocarbon or a noncarcinogenic chemical such as sulfur (used as a
pesticide in grapes, citrus, and other fruits) (1,41).

Physical Carcinogens

Mechanical trauma causing chronic irritation, heat, and scars from chemical
or thermal burns comprises the physical causes of skin cancer (1,41).

Ionizing Radiation

Seen rarely in agriculture, exposure to radiation caused by nuclear accidents,
nuclear attacks, or accidental exposure to nuclear materials can lead to dry
skin, thickening, hyperkeratosis, ulceration, and cancer (1,41).
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Nonionizing Radiation

The sun, with mid-UV rays (290 to 320 nm), is a potent cause of skin cancers
and actinic keratoses. Typically BCC is more common than SCC; melanoma
rarely presents. Chemical and ultraviolet B (UVB) carcinogenesis have an
additive effect (1,41,43).

Prevention

Prevention consists of avoidance of exposure, good hygiene practices, cover-
ing of skin surfaces, and sun block on those skin surfaces that can’t be cov-
ered. However, care must be taken because some sunscreens can increase the
penetration of some herbicides (44,45).

Diagnosis

In farming communities, community-based screening programs have been
found effective in discovering agricultural skin cancers at an early stage.
Newer approaches involving instrument-assisted screening and detection
methods are under development (45,46).

Clinical diagnosis of skin cancers is based on the morphology of the
lesion, area of skin where it is presenting, history of growth, and biopsy
results (24,47).

Management

Surgery is the most popular treatment for BCC and SCC; cryotherapy is the
most common for AK. Excision completely removes the skin cancer but can
leave unsightly scars. Other techniques for removal include laser removal
techniques, carbon dioxide resurfacing of photo-damaged skin, cryotherapy
techniques, topical antimetabolites, electrodesiccation, and irradiation. Treat-
ment of melanomas may require a complicated combination of excision,
adjunctive immunotherapy or chemotherapy, and irradiation (47,48).

Ulcerations

Topical exposure to arsenic used in vineyards and calcium compounds used
as micronutrients (Chapter 14) are common causes of ulcerations in agricul-
ture. The diagnosis is made by the characterized scalloped appearance of the
skin, although a biopsy may be necessary to exclude other etiologies. Sec-
ondary infections may occur and may necessitate systemic or topical antibi-
otics. Treatment is by removal of the offending agent, wet dressings, and
emollients (49).

Chronic skin ulcers caused by Mycobacterium ulcerans (Buruli ulcer dis-
ease) are common in people who work in aquatic environments such as rice
paddies and fish farms. Snails transitorily harbor M. ulcerans (50).
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Granulomas

Acquired, noninfectious granulomas of the skin can have animate or inani-
mate causes. The most common animate granuloma is pyogenic granuloma,
a polymorphous, irregular tumor that arises out of burned, abraded, or oth-
erwise damaged skin. Pyogenic granulomas can be mistaken for BCC. Treat-
ment is excision followed by electrodesiccation (49).

The most common inanimate cause of granuloma is foreign bodies. For-
eign-body granulomas can be caused by almost any foreign body that gets
lodged in the dermis and causes a foreign-body inflammatory reaction.
Examples in agriculture are thorns from citrus trees and splinters from lum-
ber. Treatment is excision, and antibiotics may be necessary for secondary
infections (49).

Infections

In agriculture, people work close to water, animals, crops, natural fertilizers,
and the soil, all of which serve to carry infectious diseases that can infect the
skin. Persons with immunological disease, malnutrition, diabetes, and severe
systemic disease are at risk for any kind of a infectious disease.

Bacterial Infections
Staphylococci and Streptococci

These gram-positive bacteria cause infection through contamination of cuts,
burns, puncture wounds, and abrasions. All occupations are at risk, but those
who work with meat are found to be particularly affected. Treatment is
cleansing the wound and oral antibiotics (51).

Anthrax

Anthrax is associated with people who handle wool, hides, or sheep. Bacillus
anthracis is a gram-positive, spore-forming rod distributed worldwide. Ani-
mals are infected by ingestion of spores while feeding on contaminated soil.
The spores can survive for years in the soil or in contaminated animal mate-
rial, such as lamb’s wool (51-53).

Infection in humans typically occurs at sites of skin trauma. The lesion starts
as a painless, pruritic papule that vesiculates, becomes necrotic, and ulcerates,
leaving a back eschar surrounded by edema. Local lymphadenopathy, low-
grade fever, and malaise are frequently found, but may not be present. Most
cases are self-limiting; however, systemic antibiotic treatment is recommended
to prevent the progression to a systemic disease. Diagnosis can be made by
direct Gram-stain smear, culture, polymerase chain reaction, serology testing,
or by the identification of spores in biopsy material. Treatment is typically
with penicillin antibiotics or tetracyclines. Ciprofloxacin is recommended for
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prophylaxis if exposure is suspected. A killed anthrax vaccine is available
that is effective in reducing the chance of developing the disease, but significant
side effects prevent its widespread use on whole populations. Prevention is
through livestock vaccination, reduction in soil contamination, decontamina-
tion of hides and wool, and early isolation and treatment of suspected cases
(51-53).

Brucellosis

In production agriculture, farmers, veterinarians, abattoir workers, and
meat packers are at risk. Brucella is a gram-negative bacterium with world-
wide distribution. Three types exist: B. suis, found in pigs; B. abortus, found
in cattle; and B. melitensis, found in sheep and goats. Infection is acquired
by contact with contaminated animals or by ingesting infected milk or
cheese (19,51).

Brucellosis begins as a febrile illness with malaise and weight loss. The
most common findings are hepatomegaly, splenomegaly, lymphadenopathy,
and osteoarticular involvement. Cutaneous manifestations are rare and non-
specific. Diagnosis is made by culture and serologic testing. Treatment is with
doxycycline or rifampicin for 6 weeks. Prevention is through animal vaccina-
tion and control programs (51).

Erysipeloid (Fish-Handler’s Disease)

Erysipeloid is found in hunters, fishermen, butchers, farmers, and poultry
dressers. The infection is caused by the gram-positive bacterium
Erysipelothrix rhusiopathiae, which infects fish, shellfish, mammals, and
poultry. Most cases consist of a localized, bright red, well-demarcated cuta-
neous infection, most often involving the hands. A diffuse cutaneous form as
well as a systemic infection with septicemia and endocarditis can also occur.
The diagnosis requires a culture of the skin. In septicemia, blood cultures
may be positive. Most cutaneous infections are self-limiting. Treatment is
recommended to reduce the risk of septicemia and endocarditis. The peni-
cillins and cephalosporins are the first-line treatment. Prevention is achieved
through strict hygiene of work environments (51,54).

Fish Tank Granuloma

Mycobacterium marinum is an acid-fast, nontuberculous mycobacterium that
causes a cutaneous lesion on traumatized skin following exposure to con-
taminated water. People who work in fisheries are most at risk. The most
common source is fish tank exposure. Most cases are a red, painless papule
at the site of inoculation that may become verrucous or ulcerated. The diag-
nosis is made by culture. Most cutaneous infections are self-limiting;
rifampicin, minocycline, clarithromycin, and ciprofloxacin are the drugs
most commonly prescribed. Prevention is achieved through hygiene and the
use of disinfectants (50,51,54).
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Rickettsial Infections

Rickettsia are obligate intracellular microorganisms that multiply within the
endothelial cell cytoplasm. Most are transmitted by blood-sucking insects
and mites and affect farmers, trappers, and hunters (51).

Marine (endemic) typhus is caused by Rickets typhus and is transmitted by
rat and cat fleas. A fever, headache, and a generalized, erythemic papular rash
develop. Antibiotics shorten the duration of the illness. Scrub typhus is
caused by Orientia tsutsugamushi and is transmitted by mites that live on field
rodents. A fever, eschar, lymphadenopathy, hepatosplenomegaly, and an ery-
themic, evanescent rash occur. It is potentially fatal without treatment.
Rocky Mountain spotted fever is caused by Rickettsia rickettsii and infects
humans through ticks. It causes fever, malaise, headache, gastrointestinal
bleeding, and a petechial rash. It can be fatal without treatment. Malaysian
rubber estate workers have tested for antibodies against R. typhi, O. tsutsug-
amushi, and TT 118 spotted fever group rickettsiae, presumably due to the
large number of rats and rodents that live in the groves (51).

Diagnosis of Rickettsia infections is through the typical clinical presenta-
tion or indirect immunofluorescence antibody testing. Treatment is with
doxycycline, tetracycline, or chloramphenicol (51).

Viral Infections
orf

Orf (ecthyma contagiosum), caused by a paravaccinia subgroup of
poxviruses that commonly infects sheep and goats, is common among veteri-
narians, farmers, and sheep herders. Transmission occurs through contact
between the broken skin of humans and the pustular dermatitis that develops
around the mouth and feet of infected animals. The infection begins with a
red papule with surrounding erythema, which sometimes ulcerates before
resolving. The first infection results in lifelong immunity. The problem is
commonly self-diagnosed and underreported, and resolves spontaneously
without treatment. Diagnosis is confirmed by viral culture, electron
microscopy, and polymerase chain reaction (PCR) (51).

Human Papilloma Virus (HPV)

The wart causing HPV-7 is responsible for “butchers’ wart” found in butch-
ers, meat handlers, and fish handlers. Risk factors include trauma, low work-
ing temperatures, and humidity. It is thought to be due to the exposure of
skin to infected meat and fish. Diagnosis can be confirmed by histology and
is prevented by protective gloves and automated processing equipment. While
the warts eventually spontaneously resolve, they can be unsightly, and peri-
ungal warts can be painful. Treatment includes salicylic acid—based topical
plasters or paints, tape occlusion, and cryotherapy (51).



228 J.E. Lessenger

Milker’s Nodules

Milker’s nodules are caused by the infection of dairy workers and veterinarians
by a paravaccinia virus that is transmitted by direct contact from infected cow’s
udders to humans. The painful nodules that develop resemble orf and become
crusted and resolve. Erythema multiforme and erythema nodosum can some-
times occur as secondary eruptions. Diagnosis can be confirmed by viral cul-
ture or histology. The use of gloves and automatic milking machines has made
this disease less common in countries where such equipment is used (51).

Fungal Infections
Dermatophytosis (Barn Itch)

A dermatophyte fungus can penetrate the keratinized layer of the skin, hair,
and nails. The most common features of the fungous infection are scaling
and erythema of the skin. In hairy areas, alopecia can develop. Inflammatory
changes with boggy swelling and pruritus (kerion) can occur, especially on
the scalp and beard. The diagnosis is made by Wood’s light, KOH prepara-
tions under microscopy, and fungal cultures (55).

Miscellaneous Fungal Infections

Tinea pedis is common to farmers where their feet are exposed to humid or
wet environments without protective boots. Treatment is with topical or oral
antifungal agents. Animals can infect humans with dermatophytes. 77i-
chophyton verrucosum infects cattle, horses, sheep, goats, dogs, donkeys, farm
buildings and straw; T. mentagrophytes can be transmitted by cattle and
domestic animals; Microsporum canis is common in domestic animals, espe-
cially cats; and M. nanum infects pigs. M. gypseum infects soil, leading to
infection in unprotected farmers (51,55).

Parasitic Infections
Scabies

Common to medical personnel, home care workers, and sex workers, scabies
is also common to people who live in rural areas and practice poor hygiene.
The mite Sarcoptes scabiei burrows into skin causing papules, eczematous
rashes, and excoriations. The disease is often confused by agricultural work-
ers with rashes due to pesticides and other chemicals. The diagnosis is by
visualization of eggs and parts of the mite on a KOH preparation. Treatment
with a topical permethrin treatment i