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E N V I R O N M E N T A L  Q U A L I T Y  B O A R D

September, 1999

To Interested Minnesotans:

The GEIS on Animal Agriculture is a statewide study authorized and funded by the 1998 Minnesota
Legislature and ordered by the EQB. The Legislature directs the EQB to “. . .examine  the long-term
effects of the livestock industry as it exists and as it is changing on the economy, environment and
way of life of Minnesota and its citizens.”

The intent of the GEIS is twofold: 1) to provide balanced, objective information on the effects of
animal agriculture to future policymakers; and 2) to provide recommendations on future options for
animal agriculture in the state. The success of the GEIS on Animal Agriculture will be measured by
how well it educates and informs government officials, project proposers, and the public on animal
agriculture, and the extent to which the information is reflected in future decisions and policy
initiatives, made or enacted by Minnesota state and local governments.

The GEIS consists of three phases during the period summer 1998 through summer 2001: scoping
the study; studying and analyzing the 12 scoped topics; and drafting and finalizing the GEIS. The
EQB has established a 24-member Advisory Committee to provide advise to EQB during all phases
of the GEIS. The scoping phase of the GEIS was completed in December of 1998.

This literature summary is the first step in the second phase aimed at study and analysis of the 12 key
topics. This summary is intended to inform the Environmental Quality Board (EQB) members, EQB
staff, and the Advisory Committee on the “Feedlot  GEIS” scoping questions and research needed for
adequate completion of the GEIS. The EQB would like to acknowledge the time and effort of the
Advisory Committee members who provided invaluable input in the development of this “tool” for
use throughout the GEIS process.

The literature summary is formatted to address the 12 topics of concern and 56 study questions
outlined in the Feedlot GEIS Scoping Document (www.mnnlan.state.mn.us).  Any conclusions or
inferences contained in this report are those of the authors and do not necessarily reflect the positions
of the EQB or the Feedlot GEIS Advisory Committee.

The EQB would like to make this literature summary available to others interested in the effects of
animal agriculture. Copies of this literature summary will be available for use in the Minnesota
Plannin&QB  Library: 300 Centennial Building, 658 Cedar Street, St. Paul. The Library will also
house copies of the key literature review articles and the searchable database compiled as part of 658 Cedar St.
this literature review. A limited number of copies of this literature summary will be St. Paul, MN 55155
printed for distribution at cost.

Telephone:

For further information on the GEIS or this literature summary please contact the EQB at
651-296-9535.

651-296-3985

Facsimile:
651-296-3698

TTY:

a---‘ssioner,  Minnesota Department of Agriculture and

800-627-3529800-627-3529

www.mnplan
state.mn.us

1 0 0 %  p o s t - c o n s u m e r  .
recycled content

Chair, Minnesota Environmental Quality Board
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EXECUTIVE SUMMARY

Animal agriculture can have a variety of both positive and negative impacts on human
health through occupational exposure, other environmental exposures, and exposures
through consuming the product.  Many of the environmental exposures are addressed in
other sections of the GEIS literature review.  The present report looks at human health
concerns through occupational, direct environmental, and consumer pathways.

While human health risks can be associated with different types of animal production
systems, it is difficult to make direct comparisons between systems.  Most of the human
health literature reviewed was not explicit about the type of production system studied.
There are countless variations of animal production systems, making all but general
classifications of systems nearly impossible in a project of this scope.  In addition, there
is a preponderance of research focused on confinement production systems and very little
research focused on outdoor, alternative, and other types of systems.  This report reflects
that focus on confinement systems.  For these reasons, there is little information
contained in this report that compares the human health effects of different types of
animal production systems.  Unfortunately, this leaves key systems-level questions,
especially important in the search to prevent or mitigate human health risks in animal
agriculture, unanswered.

For workers in the industry, there are various airborne exposures and other workplace
hazards such as traumatic injuries.  For neighbors there are air-, water-, soil-, and fly-
borne exposures. For consumers of the product, there are environmental health threats
associated with contaminated foods and potentially negative nutritional effects.  For other
consumers, there are exposures from microbial contamination that affect other foods and
water supplies, including possible exposure to antibiotic resistant pathogens.

There are several regulations aimed at protecting human health, including those related to
animal production (antimicrobial use, airborne emissions, disease control, worker safety)
and those related to animal products processing and sale.  While there are few worker
safety regulations focusing exclusively on agriculture, existing OSHA regulations apply
to animal production in many cases and can also serve as a guideline for employers to
develop their own safety practices.  The effectiveness of food and meat inspection
regulations cannot be measured directly and indirect measures, such as prevalence of
food-borne disease, are questionable.

Production agriculture is the nation’s second most dangerous industry with the greatest
number of injuries occurring on beef, hog, and sheep operations.  Working in
confinement operations presents a number of health and safety risks to the employee,
such as traumatic injury, hearing loss, dermatologic conditions and possible zoonotic
infections.  Prevention of injuries can be accomplished through engineering (facilities
design), providing guards on moving machinery, wearing gloves, and education.

Two of the most significant human health issues are antibiotic (antimicrobial) resistance
and antibiotic residues.  Concern about the increasing resistance in bacteria that are
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relevant in human diseases has been a controversy for decades but only recently has there
developed some clear indication that animal feeding practices are involved.  It has been
clearly established that some animal pathogens, which are resistant to antimicrobial
agents, including antibiotics, are transmitted to humans. These are called zoonotic
pathogens.  Five recent published studies have demonstrated the link between
antimicrobial use in food animals and the transfer of resistant Campylobacter to human
patients, including a very recent study in Minnesota.

Antibiotic residues in food are a problem of much less significance than the development
of resistant strains of pathogens in living animals.  This is due to the mandatory residue
testing of meat and milk and educational efforts by USDA and the livestock industries.
Further improvement is possible by increasing voluntary residue avoidance programs on
the farm.

There is concern about the human health risks associated with steroid implants and
Bovine Somatotropin used in animal production.  However, they have not been clearly
substantiated.

Substantial scientific literature exists that human health is adversely affected by the
transmission of a number of toxic and noxious agents via the air.  Large animal
production units are a source of air transmission of toxic and noxious agents, such as
gases, dust, odors, and biogenic particles.  Those generated within animal and poultry
confinement facilities can adversely affect health of people working in those
environments and potentially the health of people living or working near such facilities.
Acute health effects are particularly common and frequently involve the respiratory
system.  Some chemicals have been documented to cause fatalities such as hydrogen
sulfide in manure pits.  The effects of odors are potentially serious and include loss of
appetite, poor respiration, nausea, vomiting and mental distress.

Water-, soil-, and fly-borne pathogens and nutrients are also a concern.  Pathogens may
be transmitted to humans from animal wastes through contaminated surface drinking
water supplies, contaminated ground water supplies, or direct contact with contaminated
environment e.g., recreational use of water.  Some incidents of human disease attributable
to contact with livestock waste have been reported.  Water-borne nitrate represents a
health risk to infants under the age of six months, because it can cause an acute and
potentially fatal condition called methemoglobinemia. Insects, especially flies, are a
potential vehicle for the transmission of human disease from manure, dead animal
carcasses, and other animal wastes.  Escherichia coli (E. coli), Salmonella spp. and
Campylobacter jejuni are candidates for transmission by flies.  However, the literature on
this subject is ambivalent.  More research is needed to determine the extent to which fly-
borne microorganisms are transmitted to humans and cause illness, and on the control of
flies in farming.

A wide variety of food-borne disease organisms exist in animal products.  Many of these
newly emerging diseases have a significant impact on human health (including “external”
impacts on people who are not eating the food that was responsible for the pathogens in
the environment) and economic impact on the livestock industry.  Children, pregnant
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women, the elderly, and the immunocompromised are most likely to develop severe
symptoms and serious consequences.  An extremely large literature exists but the
development of “emerging pathogens,” newer microorganisms that account for a rapidly
escalating number of cases of human illnesses, indicates that knowledge gaps are likely to
be constantly appearing as organisms alter characteristics.  More information is needed
on management practices, pre-cooking, probiotics, and impact of antimicrobial agents.
Consumer education regarding the proper cooking, storage and handling of animal
products and all foods is still necessary.

Animal products do make positive contributions to human health by providing essential
nutrients.  Consumption of animal products has been statistically associated through
epidemiological studies with increased mortality and morbidity in Western populations.
However, controlled laboratory studies designed to analyze these statistical associations
have not been able to identify any causative mechanism and thus have not been able to
validate these statistical associations.

In terms of which segments of the population are most susceptible to health problems
related to animal agriculture, for occupational injuries it is obviously farm workers,
especially those who are new and untrained.  For airborne contaminants, workers and
neighbors are most at risk where geographical factors increase their exposure.  For food
borne microbial diseases, the young, elderly and immunocomprimised are the most likely
to develop severe symptoms and serious consequences.  They are also potentially most
vulnerable to pathogens transmitted by water, soil, and flies; and to resistant strains.
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CRITIQUE OF THE SCOPING DOCUMENT STUDY QUESTIONS

SCOPING DOCUMENT STUDY QUESTIONS AS PUBLISHED

1. What are the current regulations and routine practices in place in Minnesota and other
places related to animal agriculture production that are aimed at the protection of human
health?  What is known about the use of these practices, or in the case of regulation, what
is known about compliance?  What is known about the effectiveness of the regulations
and practices?

2. WHAT ARE THE HUMAN HEALTH EFFECTS AND ASSOCIATED RISKS OF

DIFFERENT TYPES OF ANIMAL AGRICULTURE GIVING CONSIDERATION TO:

2.a. use of antibiotics, heavy metals, and other chemicals in livestock production;

2.b. transmission of gases, dust, odors and pathogens and nutrients through the air,
water and soil;

2.c. transmission of disease and sickness via manure, flies, dead animal carcasses and
other animal waste bi-products

2.d. transmission of disease and sickness through consumption of animal products;

2.e. safety and wholesomeness of the food supply?

3. HOW DO THESE HUMAN HEALTH EFFECTS AND ASSOCIATED RISKS VARY BY

SEGMENT OF THE POPULATION INCLUDING: WORKERS, NEIGHBORS, ANIMAL

PRODUCT CONSUMERS, THE ELDERLY, THE ILL, PREGNANT WOMEN AND

YOUNG CHILDREN?

4. HOW DO THE HUMAN HEALTH EFFECTS VARY BY SPECIES, OPERATION,
SYSTEM TYPE, MANAGEMENT, GEOGRAPHY, AND CONCENTRATION OF

LIVESTOCK FACILITIES?

5. WHAT MONITORING TECHNIQUES, MODELING APPROACHES, AND

STANDARDS ARE AVAILABLE AND IN USE IN MINNESOTA AS WELL AS OTHER

PLACES TO DETECT AND MEASURE FOR THE EXISTENCE OF THESE HUMAN

HEALTH EFFECTS AND HOW CAN WE JUDGE THE VALIDITY OF EACH?

6. WHAT ARE THE CURRENT AND POTENTIALLY AVAILABLE PREVENTION AND

MITIGATION MEASURES THAT ARE AVAILABLE TO PRODUCERS, WORKERS AND

NEIGHBORS FOR ADDRESSING THESE EFFECTS AND TO WHAT EXTENT ARE

THESE EFFECTIVE?
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CRITIQUE OF AND SUGGESTIONS FOR STUDY QUESTIONS

CHANGES TO STUDY QUESTIONS

The scoping questions do not address occupational injury as a human health effect of
animal production.  This is an important area of study where there are major human
health impacts.  Therefore, an additional question was added on occupational injury.

Scoping document questions 2.b. (transmission of gases, dust, odors and pathogens and
nutrients through the air, water and soil) and 2.c. (transmission of disease and sickness
via manure, flies, dead animal carcasses and other animal waste bi-products) contained
overlapping areas of information.  Therefore, a portion of question 2.b. was incorporated
into 2.c.  These questions are now redefined as:

Question 2.b. - Transmission of Gases, Dust, Odors, and Pathogens through the Air

Question 2.c. - Transmission of Sickness and Disease via Water, Soil, and Flies from
Manure, Dead Animal Carcasses, and Other Animal Wastes

With regard to scoping document question 2.e. (safety and wholesomeness of the food
supply), safety and wholesomeness are very similar terms and do not address nutrition.
Safety was included with the food-borne disease sections, and wholesomeness was re-
classified into “nutritional wholesomeness.”  Therefore, scoping document question 2.e.
is now “Nutritional Wholesomeness of Animal Products.”

ALTERATIONS IN REPORT ORGANIZATION

In order to improve the organization and readability of this report, two organizational
changes were made:

Questions 3, 4, 5, and 6 were incorporated into questions 2.a. through 2.e.  They are
clearly labeled as such both in the text and in the Table of Contents for easy reference.
Consequently, former questions 3 through 6 have been deleted as separate questions.

The order of the questions was changed to reflect the shift in focus from occupational
health effects, to environmental health effects, to consumer health effects.  The new order
of the questions is:

Question 2.a. - Occupational Injury

Question 2.b. - Transmission of Gases, Dust, Odors, and Pathogens through the Air

Question 2.c. - Transmission of Disease and Sickness via Water, Soil, and Flies from
Manure, Dead Animal Carcasses, and Other Animal Wastes

Question 2.d. - Transmission of Disease and Sickness through Consumption of Animal
Products
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Question 2.e. - Antibiotics, Heavy Metals, and Other Chemicals

Question 2.f. - Nutritional Wholesomeness of Animal Products

GENERAL COMMENTS AND SUGGESTIONS

Involving some scientists from the relevant areas would have been useful by:

Accelerating the formulation of the questions, which would have allowed more time
for the review to be done.

There would be clear, non-overlapping questions.

The terminology would be more accurate and clear.

Current Regulations and Current Practices

Question is impossible to adequately research given the resources

Human Health Effects of Animal Agriculture

Antibiotics, Heavy Metals, and Other Chemicals

Heavy metals-does this include trace minerals?

The term chemical is meaningless in the context (see Primer on Toxicology)
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CRITICAL REVIEW OF INFORMATION SOURCES

QUESTION 1 - CURRENT REGULATIONS AND ROUTINE PRACTICES RELATED

TO ANIMAL AGRICULTURE PRODUCTION AIMED AT THE PROTECTION OF

HUMAN HEALTH

Issues of Concern: Many regulations and practices exist that are related to animal
agriculture. In a general sense, they can be divided into four main areas: animal
production, animal transport, animal products processing, and animal products sale.
Because of the broad nature of these questions, it is difficult to narrow the focus to a few
concise issues. However, when thinking about protecting human health, it is most
relevant to look at those issues related to animal production, and the processing and sale
of animal products, or in other words, meat safety.  Consequently, this section will focus
on issues of regulation and practices related to those two areas.  For point of comparison,
it will also briefly discuss regulations and practices in nations other than the U.S.

CURRENT REGULATIONS AND PRACTICES RELATED TO ANIMAL PRODUCTION

Current Regulations and Practices Related to Antimicrobial Use

USDA/FSIS conducts mandatory residue testing of meat and milk prior to further
processing. There are also intensive educational efforts by USDA and the livestock
industries (mostly as result of quality assurance programs for e.g. pork, dairy, poultry,
etc. on a national or state basis) on antimicrobial use.

Current Regulations and Practices Related to Airborne Emissions

Odor and Hydrogen Sulfide State Standards

Federal, state and some local governments regulate ambient concentrations of specific
gases and dust.  See the Air Quality and Odor report, GEIS topic III. H., for detailed
summaries of various state hydrogen sulfide and odor standards.

Ambient Dust Emissions

Ambient dust is regulated by the U.S. Environmental Protection Agency (EPA) under the
National Ambient Air Quality Standard (NAAQS) (EPA, 1998c).  Emissions from large
beef cattle feedlots in Texas and California are regulated (Sweeten and others, 1998).

Current Regulations and Practices Related to Disease Control

In spite of the potential for transmission of diseases to humans by animal production,
little regulation is practiced.  However, some regulation does occur related to animal
production and much closely related information is found in the Animal Health report,
GEIS topic IV.L., starting with section B.  These regulations are important in that by
protecting the health and well being of non-human animals, human health is also served.
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Current Regulations and Practices Related to Worker Safety

Enforcement methods involve mandatory regulations to prevent injuries or illness.  These
regulations may be internal in terms of policies and procedures developed by the
employer, or external regulations enacted through the Occupational Safety and Health
Act (OSHA) (Occupational Safety and Health Act, 1970). Coverage of the federal
OSHA, which is provided through a state approved plan in 38 states, does not extend to
all farming operations.  Certain farms are protected from federal OSHA enforcement of
rules, regulations, standards or orders under the Act, as stated in the Department of the
Interior and Related Agencies Appropriations Act , 1996:  funds appropriated for OSHA
may not be “expended to prescribe, issue, administer, or enforce any standard, rule,
regulation, or order under the OSH Act of 1970 which is applicable to any person who is
engaged in a farming operation which does not maintain a temporary labor camp and
employs ten or fewer employees” (Department of the Interior and Related Agencies
Appropriations Act 1996; and OSHA 1993).

Some state plans have also adopted standards applicable to agriculture.  For example,
Minnesota hog production facilities with greater than ten employees are covered by the
Occupational Safety and Health Standards for Agriculture, 1975 adopted by Minnesota
OSHA (OSHA, 1975). The 1928 standards cover agriculture-specific regulations and list
the General Industry standards from OSHA 1910 which are applicable to agricultural
operations.  In addition, agricultural operations are covered under the general industry
standards of the Minnesota Rules (Lorentz, P., personal communication, December 29,
1997; and Minnesota Rules, 1973).

Enforcement methods of prevention are also used to protect workers. Labor regulations in
some states include confined space regulations, which apply to manure pits; and Right to
Know legislation, which requires employees to be made aware of hazardous substances
they may be exposed to and the dangers associated with them. These regulations often
apply to operations with more than ten employees and require employers to have a
written plan enforced which addresses methods of compliance, including measurement of
contaminants, safety procedures, employee training and record keeping (Minnesota
Rules, 1984 and 1988). The term “employee” refers to all paid employees, except
immediate family members, working in operations owned by an individual, family or
partnership. Immediate family members are only counted as employees if they are paid
for working in operations that are incorporated, including family corporations. This
definition corresponds with state and federal employee health and safety regulations
(OSHA, 1993).

The OSHA respiratory protection standard does not apply to agricultural operations, but
could be used as a guide in developing a respiratory protection program and is considered
an accepted standard of minimal protection (OSHA, 1975).

The OSHA Occupational Noise Exposure standard specifies that workers should not be
exposed to 100 decibels for more than two hours daily, and 110 decibels for not more
than one-half hour (Hearing Conservation Amendment, 1983). Though the OSHA
Occupational Noise Exposure standard (Hearing Conservation Amendment, 1983) does
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not apply to agriculture operations, this federal standard does offer guidance to employers
for prevention methods and is considered an accepted standard of minimal protection
(Shutske, J., personal communication, February 9, 1998).

In addition to procedures and guidelines developed by the employer, there are state and
federal regulations regarding injury prevention for which the operator employing more
than ten employees must comply. For example, the Minnesota Workplace Accident and
Injury Reduction Program (AWAIR) requires Minnesota operations to have a written
work place accident and injury reduction program promoting safe and healthful working
conditions (Minnesota Rules, 1990; and Minnesota Statues, 1973). The federal Machine
Guarding Standard was developed to protect agricultural workers from hazards associated
with moving machinery parts on farm equipment (Occupational Safety and Health
Standards for Agriculture, 1975). This regulation requires the employer to: provide
employee instruction on proper use and repair of machinery; protect employees from
coming into contact with hazards of moving machinery parts through guarding, including
guarding of power take-offs, and all mesh or nip-points of power driven gears; and
prevent accidental application of electrical power to equipment. Hog production facilities
using tractors must also comply with the federal Roll-over Protection Standard, requiring
specific safety features on tractors manufactured after October 25, 1976 (Occupational
Safety and Health Standards for Agriculture, 1975).

Minnesota employers, including those in agriculture operations, must also record and
report occupational injuries and illnesses that occur (Minnesota Rules, 1978). The
purpose of this regulation is to develop information regarding the cause and prevention of
occupational injuries and illnesses. Reporting, using the OSHA 200 log or an equivalent,
must be made of occupational injuries and illnesses that meet the OSHA definition of
recordable injuries and illnesses.

Farm employers must carry workers' compensation insurance which provides
compensation to qualified employees who have a work related injury or illness. Some
state workers' compensation laws designate amount of cash wages as a condition for
qualification under the law, i.e. Minnesota Workers Compensation (Minnesota Statues,
1953) -- $8,000 in cash wages in the previous year, or less than the statewide average
annual wage if the employer has a liability policy. Reporting of work related injuries and
illnesses may also be required by completing a report of injury form. Employers can
manage their workers' compensation costs by reducing work related injuries or illnesses
in their operation to below the industry average (Garry, 1990).

What is Known about the Use, Compliance, and Effectiveness of Regulations and
Practices Related to Animal Production

Use, Compliance, and Effectiveness of Worker Safety Regulations and Practices

Tripp et al. (1998) conducted a survey of pork producer employers in Minnesota and
North Carolina to determine their needs related to worker safety and health and to
document their knowledge of and compliance with key worker health and safety
regulations.  The survey found that employers in both states were very interested in
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receiving additional education and training on a variety of topics including such items as
animal handling safety; first aid; safe performance of veterinary procedures; prevention
of back injuries; and, respiratory protection.  The top three worker health and safety
problems that had been experienced by the operators surveyed (and their employees)
included cuts, neck/back strains, and needle sticks.

Another issue that is growing in importance is workers compensation insurance, required
for hired workers in larger livestock operations.  A total of 54% of the operations
surveyed did carry workers compensation for employees.  More than one-fifth of the
respondents reported that workers comp insurance rates were increasing slightly to
rapidly (a reflection of higher rates of injury among workers).

More than half of all hog producers (53.2%) reported no planned safety training, 41.8%
provided planned safety training, and 5% did not respond. At least one planned safety
training event was provided at orientation, monthly, bi-monthly, semi-annually or
annually. In operations with more than ten employees 76.9% reported planned safety
training and 23.1% did not. In all operations, planned safety training was provided most
often on use of respiratory protection, performing veterinary procedures safely, safe
operation and servicing of equipment, and working with manure storage systems safely.
In operations with more than ten employees, planned safety training was most often
provided on use of respiratory protection, performing veterinary procedures safely, and
use of hearing protection.

Hog producers were asked to report personal protective equipment provided (at no cost to
the employee). Two strap dust masks were provided by 70.9% of all operations. A total
of 69.2% of operations with more than ten employees provided two strap dust masks.
One strap dust masks were provided by 64.6% of all operations and 92.3% of operations
with more than ten employees. Supplied air respirators were provided by 5.1% of all
operations, but not provided by any operations with more than ten employees. Hearing
protection and gloves were provided by 69.6% and 87.3% of all operations, respectively.
In operations with more than ten employees,  92.3% provided hearing protection and all
(100%) provided gloves.

When asked if protective guards or shields on moving machinery parts were in place,
62.0% of all operations and 53.8% of operations with more than ten employees reported
that all machinery parts had guards or shields. Twenty-seven percent of all operations and
30.8% of operations with more than ten employees reported most machinery parts had
guards or shields. When asked if methods of preventing a person from starting equipment
or machinery while another person was repairing it were in place, an affirmative response
was reported by 72.2% of all operations and 84.6% of operations with more than ten
employees.

Of the 43 operations providing workers' compensation insurance, 41.8% were aware of
the safety inspection and consultation service available by the insurer and 61.1% who
were aware of the service had used the service in the past.
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Hog producers were asked if they had a plan in place and enforced or being developed in
relation to occupational health and safety regulations. Of the operations with more than
ten employees, 84.6% had a written plan in place, enforced or under development for the
machine guarding standard and the reporting and recording of work injuries and illnesses.
A total of 76.9% reported a plan for hazard communication, and 69.2% reported a plan
for the confined space entry and for roll-over protective structures.  Minnesota has its
own permit-required confined space entry regulation that is applicable and has been
enforced on farms in the state with 11 or more employees.  In addition, 76.9% had a plan
in place, enforced or under development for the respiratory protection standard, which
agricultural operations in most states are not legally required to comply with except by
way of OSHA's “general duty” clause.

Of operations with more than ten employees, 45.4% hog producers reported using the
OSHA 200 log, and for the 43 operations reporting workers' compensation insurance,
51.2% used the First Report of Injury form required by insurers following an injury.

CURRENT REGULATIONS AND PRACTICES RELATED TO MEAT SAFETY

HACCP and GMPs

Numerous references are made in this report to HACCP and GMPs and some explanation
of these terms is appropriate.

HACCP is a methodical and systematic application of the appropriate science and
technology to plan, control and document the safe production of foods.  HACCP is a
systems approach to food safety management and decision making about a product and
its manufacturing process, the identification of hazards and the selection of points and
measures for control.  GMPs are the minimum sanitary and processing requirements to
ensure production of wholesome food.  GMPs provide basics in food safety, but have
several weaknesses that are then picked up with the use of HACCP.  GMPs are too broad
to address plant-to-plant-specific hazards; all GMPs are afforded equal weight; no
consideration of non-compliance posing a health risk; and do not require record keeping,
monitoring of hazard controls or establishment of deviation limitations and corrective
actions.  Both HACCP and GMPs have been applied to processing of food with great
success in terms of reducing risks to the consumer.  These same principles are applicable
to the farm as well and this is strongly suggested in this document.

As international trade increases, the safety issue will also increase as safety is a
convenient trade barrier.  Therefore, it is likely that large processors will demand some
production safety standards be implemented by producers.  The potential use of HACCP
and GMPs on farms and its more extensive use in processing plants would aid attempts at
producing a safer supply of animal food products.

What is Known about the Use, Compliance, and Effectiveness of Regulations and
Practices Related to Meat Safety
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The FDA and USDA are the highest authorities dealing with food and meat inspection
and regulation.  However, there are serious gaps of knowledge concerning effectiveness
and compliance of all such programs; their effectiveness cannot be directly measured and
the indirect measures, such as prevalence of food-borne disease are suspect, as discussed
earlier.

Though the food supply of the U.S. is often considered one of the safest in the world,
food safety improvements are still needed.  Several arguments can be presented in
support of this statement.  First, food-borne disease remains a significant cause of
mortality and economic burden in the U.S.  Second, due to continual exposure to media
reports of food-borne disease outbreaks and food product recalls, consumers are
increasingly demanding higher quality and safer foods.  Third, expanded global trade
links the U.S. to food safety developments in other countries. Countries that develop
systems that produce safer foods will use this for market advantage, and food safety and
quality is likely to become a barrier to market access.  Fourth, recent identification of
emerging pathogens and development of antibiotic resistance in food-borne pathogens
indicate a failure of current methods of monitoring and control to deal with these
problems, especially those resulting from healthy-appearing animals.

This topic is discussed in several places in this Human Health report.  For more
information, look specifically at:

Question 2.d. Transmission of disease and sickness through consumption of animal
products

Question 2.e. Antimicrobial residues and resistance

It is generally believed that the prevalence of food-borne disease is higher than reported
because oftentimes the patient misdiagnoses or simply does not want to take the time and
trouble to report an illness.

REGULATIONS IN MINNESOTA AND THE U.S. COMPARED TO OTHER NATIONS

The United States, Australia, New Zealand, Canada and Sweden probably are among the
best countries in terms of meat inspection program effectiveness but these types of
comparisons are nearly impossible to make accurately according to Minnesota
researchers (Pullen et al., 1999).

Some information from European Union (EU) regulations are useful in terms of knowing
what the global competition is doing to protect animals, farm workers and the citizens
near animal facilities.  European regulations regarding livestock includes directives that
are valid for all EU members, but need to be set into power by each member state with
slight modifications to address country specifics being allowed.

As an example, the Directive for the minimum housing and management conditions for
swine, which resulted in Germany in the revision of the old
“Schweinehaltungsverordnung” (Ordinance on how to keep pigs) into
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“Schweinehaltungshygieneverordnung” (Ordinance of the hygiene when rearing pigs),
was issued on June 7, 1999 and has been in power since June 12, 1999. This regulation
prescribes in detail how buildings are constructed to rear pigs, which management
systems are required, and which concentration of adverse gases are allowed. Here is just
one example of these benchmarks: 20 ppm ammonia is the maximum that is allowed in a
swine barn (to compare the maximum working concentration for people is 50 ppm). The
reason why it is lower for pigs than for people is that pigs live their entire life in this
barn; people work only 8 hours in the same atmosphere and can protect themselves if
necessary. The transportation of pigs, the veterinary care and many other aspects are
specified.

Such EU-directives and their corresponding member state ordinances exist for all
livestock species.  Any person who keeps pigs for professional reasons is responsible to
know this ordinance and can be legally sued if he or she does not comply (Anonymous,
1999).

In general, the rationale for this type of regulation is based on concerns for the following:
the well-being of animals, the well-being of farmers and the public, the fact that healthy
animals are less likely to suffer disease conditions and such animals are less likely to
transmit such diseases into the environment.

Conclusions

n Regulations aimed at protecting human health include those related to animal
production (antimicrobial use, airborne emissions, disease control, worker safety) and
animal products processing and sale.

n While there are few worker safety regulations focusing exclusively on agriculture,
existing OSHA regulations apply to animal production in many cases and can also serve
as a guideline for employers.

n The effectiveness of food and meat inspection regulations cannot be measured directly
and indirect measures, such as prevalence of food-borne disease, are questionable.

QUESTION 2 - WHAT ARE THE HUMAN HEALTH EFFECTS AND ASSOCIATED

RISKS OF DIFFERENT TYPES OF ANIMAL AGRICULTURE FOR THE

FOLLOWING:

QUESTION 2.A. - OCCUPATIONAL INJURY

ISSUES OF CONCERN:
Production agriculture remains the nation's second most dangerous industry, with a death
rate exceeded only by the mining industry (National Safety Council, 1998 Accident
Facts).  Several documents indicate that livestock producers and employees who have
direct contact with animals have a relatively high rate of traumatic injury.  A study
conducted by the National Institute for Occupational Safety and Health (Myers, 1998)
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found that the greatest number of farm-work injuries occurred on beef, hog, and sheep
operations (36.5%), followed by cash grain operations (23.1%), dairy operations (14.6%),
and other field crop operations (11.9%).

Employees of animal confinement systems have regular close contact with animals
during feeding, cleaning, medicating, performing veterinary procedures, and transporting
the animals. This close contact puts workers in hog confinement buildings at risk of
exposure to biologic, chemical and physical agents (Christianson et al., 1990).

Health Effects: Occupational Injury

Working in confinement operations presents a number of health and safety risks to the
employee. Health effects include acute and chronic respiratory problems, traumatic
injury, hearing loss, dermatologic conditions and possible zoonotic infections.

For information on respiratory problems, see Question 2.b. - Transmission of Gases,
Dust, Odors, and Pathogens through the Air.  Much of the literature review information
provided in this section on worker health and safety issues was extracted from a Journal
of Agromedicine article in press by Tripp, Olson, and Shutske (Tripp, R, Olson, D,
Shutske, J, Schermann, M.  1999. Health and safety issues in hog production. Journal of
Agromedicine (in press).)

TRAUMATIC INJURIES

There is limited literature regarding injuries in swine confinement facilities. Two studies
are discussed here. The first study was done using First Report of Injury forms over a
thirty-nine month period. These forms do not differentiate between minor and severe
injuries (Gordon and Rhodes, 1993). The study was done in a birth-to-market operation
in the midwestern United States which produced approximately 5,700 swine each week.
The second study is of acute and chronic trauma in hog farmers in Ontario, Canada
(Holness and Nethercott, 1995a). Results were obtained from respondents completing a
self-administered questionnaire regarding accidents and injuries over the previous three
years.

Gordon and Rhodes found the injury incidence to average 52 injuries per 100 employee
years, with the range being 32 to 65 per 100 employee years (Gordon and Rhodes, 1993).
The most common type of injury was bruising, which accounted for 18.6% of the
injuries. This was followed by strains and sprains (15.2%) and needle stick injuries
(10.4%), which occur most often in the hand, followed by the leg and arm. Other injuries
reported in descending order include cuts, back injury, eye irritation, burns, rash, allergy,
bite, fracture, and fall.

Holness and Nethercott reported that 21% of respondents experienced an accident, with
the lower and upper extremities, and back most often affected (Holness and Nethercott,
1995a). Bruising was reported by 51% of the respondents. Backache and sore knees were
the most frequently reported chronic injuries, with 71% and 36% reporting these
respectively.
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The mechanisms of injury affect various body parts. Holness and Nethercott found falls
to be the most frequent mechanism of injury (33%) followed by lifting (23%) (Holness
and Nethercott, 1995a). Falls were associated with foot and chest injuries, while lifting
was associated with back injuries. Other mechanisms associated with injuries include
machinery cut, hit, and crush. When the injury was an amputation, the hand was most
often involved (80%). Machinery was the only mechanism significantly associated with
these amputations (Holness and Nethercott, 1995a).

A number of veterinary type procedures are performed on new piglets including
vaccinating, clipping teeth and tail docking with hand-held cutters, and castration with a
curved scalpel blade. As the pigs grow they must be monitored for illness and injected
with antibiotics when needed. Syringes and needles are multi-dose, hence they are not
changed between injections (Gordon and Rhodes, 1993). Performing these tasks while
handling and holding the animals presents opportunities for needle sticks, bruising, cuts
and bites (Christianson et al., 1990; Gordon and Rhodes, 1993; and Barnham, 1988). In
addition, if high pressure injection systems are used, there can be risk of serious injury if
the worker unintentionally self injects the vaccine (Couzens and Burke, 1995).

NOISE INDUCED HEARING LOSS

Though there is little in the literature regarding noise induced hearing loss in swine
confinement workers, the potential exists. Squealing pigs can produce high frequency
noise levels at 100 to 110 dBA (Christianson et al., 1990). A case report in Denmark
found a pig breeder who was regularly exposed to noise to have a considerable bilateral
sensorineural hearing loss (Kristensen and Gimsing, 1988). This breeder had been
exposed to noise levels between 95 and 104 dBA for 45 minutes twice daily during
feedings. In addition, the constant noise level in a room housing the system for grinding
and mixing feed was found to be 88 dBA, and that of a high-pressure cleaner to be 98
dBA, reaching 105 dBA when directed towards steel surfaces on the floor (Kristensen
and Gimsing, 1988).

DERMATOLOGICAL CONDITIONS

Skin conditions are associated with medications administered to the animals. Two cases
are reported in the literature, both involving the administration of medications. One
reports a six month history of severe dermatitis of the thumb and fingers, with the nails
ridged and cuticles lost (Burge and Bransbury, 1994). This pig farmer had been
administering oral doses of the antibiotic furazolidone to newborn piglets using a pump
dispenser, where there was contact with the fingers. The second report is a piglet dealer
presenting with a two year history of recurrent scaly lichenified eczema of face, neck,
hands and forearms which was aggravated by sun (Brasch et al., 1991). This condition
was found to be associated with regular intra-muscular injections of azaperone, a sedative
given to piglets before transport. Some spillage of the medication is common,
contaminating the hands and other areas touched by the hands, since the farmer was not
using gloves (Brasch et al., 1991).

ZOONOTIC INFECTIONS
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Zoonotic infections can be transmitted to humans while working with animals. The
literature is limited documenting these infections in swine farm workers. A majority
(83%) of the thirty reports of meningitis caused by Streptococcus suis in the Netherlands
between 1968 and 1984 were found in individuals working in the pork industry (Arends
and Zanen, 1988). Microsporum nanum, a dermatophyte was reported in three human
cases of pig farmers; two developed inflammatory tinea faciei and one developed tinea
cruris (Roller and Westblom, 1986). This organism is most frequently associated with
ringworm in pigs and with rashes in human infections. Pig farmers have also been found
to have elevated antibodies to Yersinia enterocolitica serotypes common to swine and
toxoplasma, though there has not been documented evidence of illness (Seuri and
Granfors, 1992; and Seuri and Koskela, 1992).

Pig farmers may be exposed to a variety of medications administered directly to the
animals or through animal feed. They may also be exposed to organisms carried by the
animals through airborne routes or by direct contact (Brasch et al., 1991; and Arends and
Zanen, 1988).

Variation by Segment of the Population: Occupational Injury

Obviously, the segment of the population most affected by occupational injuries are
animal production workers.  However, limited information is available in the literature on
differences between workers.  One report said that older farmers report fewer accidents
and bruising, and increased arthritis other than in the back and knees. Gordon and Rhodes
found one-third of needle sticks occur in the first month of employment and over half
occur during the first six months (Gordon and Rhodes, 1993). This is compared to other
types of injuries where 32% occur during the same six month time period (Gordon and
Rhodes, 1993).

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Occupational Injury

Confinement operations have a number of environmental factors that contribute to health
and safety risks including increased animal density, mechanized feeding systems, slotted
flooring which facilitates waste handling, and reductions in air exchange to minimize
heating needs. Increased reporting of injuries and bruising are associated with facilities
which market larger numbers of hogs and with employees who spend a greater number of
hours with the animals. In terms of the stages of hog development, those with breeding
operations tend to have increased bruising while those limited to finishing have decreased
bruising (Holness and Nethercott, 1995a).

Monitoring Techniques, Modeling Approaches, and Standards: Occupational
Injury

Minnesota employers, including those in agriculture operations, must record and report
occupational injuries and illnesses that occur (Minnesota Rules, 1978). The purpose of
this regulation is to develop information regarding the cause and prevention of
occupational injuries and illnesses. Reporting, using the OSHA 200 log or an equivalent,
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must be made of occupational injuries and illnesses that meet the OSHA definition of
recordable injuries and illnesses.

Prevention and Mitigation Measures: Occupational Injury

Traumatic Injuries

Engineering methods for the prevention of employee injuries are directed at those agents
or tasks associated with the injuries. The literature is limited in establishing links between
specific agents or tasks and injuries in swine confinement operations, but some
prevention methods can be applied from other areas of agriculture and industries.

Handling large animals presents many situations where there is potential for injury to
employees. The principal weapon of the pig is its teeth, being very sharp and as the pig
grows, having very strong jaws (Fowler, 1995). Pigs generally do not herd but there can
be a mob reaction when handling an individual pig. Hogs also tend to be stubborn and
will resist efforts to move them in a certain direction (Fowler, 1995). Engineering
methods of prevention include designing facilities that take animal behavior and the
necessary worker tasks into account, thus creating a safer environment for moving the
animals and caring for them. Such design features will consider safe walkways for the
animals and workers; allowing adequate space to prevent situations where the worker
may be caught between the animals and structures; and reduction of pinch points that the
worker is exposed (Fraser and Broom, 1990; and Grandin, 1993). Operations carrying
workers' compensation insurance can obtain assistance in assessing the safety of the work
environment through safety consultation services offered by their insurer (Mattsfield, W.,
personal communication, 1996).

Since machinery is identified as a leading cause of farm injuries, providing guards on
moving parts of machinery, and keeping machinery in good repair are methods of
prevention (Gordon and Rhodes, 1993).

Educational methods for prevention include instruction on: animal handling and holding
techniques; animal behavior and learning to anticipate it; and how to safely perform
procedures with the animals, in particular avoiding bite injuries (Fraser and Broom,
1990). Results obtained by Gordon and Rhodes showed that one third of needle stick
injuries occurred in the first month of employment, and 62% occurred during the first six
months of employment (Gordon and Rhodes, 1993). Other injuries are more equally
distributed between short-term and long-term employees, suggesting these injuries may
be prevented through instruction and training in animal handling and injection technique
(Gordon and Rhodes, 1993).

NOISE INDUCED HEARING LOSS

Engineering methods, such as automatic feeding systems which do not require the worker
to be present, can be used to contain the noise (Kristensen and Gimsing, 1988; and
Hearing Conservation Amendment, 1983). Education of employees consists of providing
information regarding the hazards associated with noise exposure and teaching them to
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avoid hazards when possible, and encouraging their use of hearing protection when in
high noise areas. Employers can develop internal operation requirements regarding
employee use of hearing protection in documented high noise areas, using the
Occupational Noise Exposure standard as a guide (Hearing Conservation Amendment,
1983).

DERMATOLOGICAL CONDITIONS AND ZOONOTIC INFECTIONS

Exposure to medications and organisms can be reduced by the use of gloves (Brasch et
al., 1991). Education includes informing employees of the risks associated with exposure
to medications and organisms, symptoms they may experience and the importance of
reporting dermatologic and other systemic conditions (Minnesota Statutes, 1973).

Conclusions:

n Production agriculture is the nation’s second most dangerous industry with the greatest
number of injuries occurring on beef, hog, and sheep operations.

n Working in confinement operations presents a number of health and safety risks to the
employee, such as traumatic injury, hearing loss, dermatologic conditions and possible
zoonotic infections.

n Prevention of injuries can be accomplished through engineering (facilities design),
providing guards on moving machinery, wearing gloves, and education.

QUESTION 2.B. - TRANSMISSION OF GASES, DUST, ODORS, AND

PATHOGENS THROUGH THE AIR

Issues of Concern:  Large, intensive confinement facilities represent potentially a special
case of airborne agents that are problematic but also potentially the most controllable.
Airborne toxic agents generated within animal and poultry confinement facilities can
have direct, adverse health effects for people working in those environments.  In addition,
if these facilities emit substantial quantities of such agents into the atmosphere, there is a
possibility that the health of people living or working near such facilities might also be
affected.

Of particular concern are the gases and airborne particles, including microbial organisms
(bacteria and bacterial toxins, fungi, viruses, and mites), that are generated inside the
facilities.  These livestock production environments create complex mixtures of toxic
airborne hazards, some of which may act synergistically to cause health effects.

Human Health Effects:  Airborne Contaminants

Airborne contaminants within and emissions from animal facilities include gases,
particulates or dust, odors, and biogenic particles which include pathogens (bacteria,
viruses, bacterial toxins, fungi and mites) and a host of microbial byproducts such as
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endotoxins and glucans. Individually and combined they have potential direct and
indirect impacts on human and animal health.

The potential direct impact on human health can be:

n Physical impairment of the biological/mechanical defense mechanisms by dust and
irritant gases such as ammonia and hydrogen sulfide (e.g. damage to the respiratory
epithelium of the airways, including dysfunction of the cilia that transport mucus and
foreign bodies out of the upper respiratory tract) and damage to the goblet cells, changing
the functional capacity of the mucus that normally flows on the surface of the airways to
trap and transport out foreign material.

n Chemical irritation of the upper respiratory tract lining by gases (e.g. damage of the
epithelial barriers to inflammatory substances, respiratory bacterial or viral pathogens;
decreased cilia function and increased inflammation of the airways involving increased
cellular infiltration and release of inflammatory mediators).

n Immunological sensitizing to allergens (e.g. organic dust particles such as feed
ingredients, fungi, animal epidermal scales, and mites).

n Infection with bacteria or viruses that have a pathogenic potential for the human
respiratory tract (e.g. Influenza-A-Virus, Streptococcus, Staphylococcus, Pasteurella,
Salmonella, Leptospirosis, Cryptosporidiasis, Giardia, and Haemophilus) and toxins
from the organism pfiesteria.

The potential indirect impact on human health can be:

n Gaseous emissions such as NH3, washed down by precipitation, can contribute to the
nitrogen content of ground and surface waters that are used for drinking water.

n Zoonotic bacteria emitted from livestock and poultry facilities may contribute to an
increased population of these same microorganisms in the ecosystem (such dust-borne,
non-respiratory, bacteria pose hardly any direct risk to human health, even to passers-by
near animal houses).

n Bacteria from animal excretions (emitted via exhaust air) that contain genetic
determinants for antimicrobial resistance can contribute to an increase of bacterial
resistance in the ecosystem but the risk is unknown and needs further study.

The following discussion focuses on the major toxic agents present in animal and poultry
confinement facilities, and the principal human health effects associated with exposures
to these hazards.  Much of the literature review information provided in this section on
worker health and safety issues was extracted from a Journal of Agromedicine article in
press by Tripp, Olson, and Shutske (Tripp, R, Olson, D, Shutske, J, Schermann, M.
1999. Health and safety issues in hog production. Journal of Agromedicine (in press).)
For more information on air emissions from animal agriculture, see the Air Quality and
Odor report, GEIS topic III. H., question 1.
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GASES

Human Health Effects: Gases

Gases can affect human health in at least two ways.  Some gases are irritants to the
respiratory system.  In the environment of animal facilities, these gases combine with
dust and can have an additive or synergistic effect (Reynolds and others, 1994; Donham
and Cumro, 1999b).  Other gases result in asphyxia, or the impairment of oxygenation of
vital tissues.  For these agents, the lungs serve as a route of uptake into the circulation
leading to health effects in other organ systems.  Asphyxia is an important health concern
for workers in livestock confinement facilities.  Hydrogen sulfide, carbon dioxide, carbon
monoxide, and methane, in sufficiently high concentrations, can all decrease the fraction
of oxygen in inspired air and lead to low oxygen levels in the blood that may be sufficient
to cause unconsciousness or even death.

Anaerobic decomposition occurring in manure storage systems produces a combination
of gases made up of approximately 60% methane and 40% carbon dioxide, with trace
amounts of ammonia, hydrogen sulfide and other odorous compounds (Feddes and
Barber, 1995). Of these gases, hydrogen sulfide and methane have the greatest likelihood
of causing asphyxiation.

O’Neill and Phillips (O’Neill and Phillips, 1992) conducted a literature review of the
odorous chemicals detected in and around livestock facilities or livestock wastes, which
identified 168 different compounds.   The most commonly reported compounds in the
literature review were volatile fatty acids (acetic, propionic, butanoic, and pentanoic),
phenol, p-cresol, and ammonia. Some of these compounds have been identified as
respiratory tract, skin, or eye irritants. Table 1 lists those gas compounds that have some
acute or chronic health value associated with them, either from the Minnesota
Department of Health, or from the California EPA or the US EPA.

EPA inhalation reference concentrations (RFCs) can be used to estimate a level of
environmental exposure at or below which no adverse effect is expected to occur. The
RFC is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily
exposure to the human population that is likely to be without appreciable risk of effects
during a lifetime. In general, the incidence of human disease or the type of effects that
chemical exposures have on humans cannot be predicted. This is due to the numerous
uncertainties involved in risk assessment, those associated with extrapolations from
animal data to humans and from high experimental doses to lower exposures. The organs
affected and the type of adverse effect resulting from chemical exposure may differ
between study animals and humans. In addition, many factors besides exposure to a
chemical influence the occurrence and extent of human disease (EPA, 1999).
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Table 1- Volatile organic compounds and gases identified in livestock wastes with documented subchronic, chronic, or acute health values (O’Neill and Phillips,
1992).

Compound (names) Minnesota’s
Proposed Inhalation
Health Risk Values
(µg/m3)
Chronic         Sub-Chronic

US EPA’s
Chronic Inhalation RfC’s
(µg/m3)
and Critical Effects

California’s EPA
Acute REL (µg/m3)
and Toxicologic
Endpoints

EPA Hazardous Air
Pollutant Listing

Acetaldehyde
ethanal

5 yes

Acetone
dimethylketone
(2-)propanone

not avail.1

Acetophenone
acetylbenzene
methylphenyl-ketone

not avail. 1 yes

Acrolein
2-propenal
acrylaldehyde

0.07 0.02
squamous metaplasia and
neutrophilic infiltration of nasal
epithelium

1.9*10-1

eye irritation
yes

Ammonia 80 100 3.2*103

eye and respiratory irritation
Benzaldehyde
Benzenecarbonal

not avail. 1

Benzene 1 not avail. 1 1.3*103

reproductive
developmental

yes

Bis(2-ethylhexyl)
phthalate

yes

Carbon disulphinde 700 700 peripheral nervous system
dysfunction

6.2*103 reproductive
developmental

yes

Carbonylsulphide
carbon oxysulphide

yes

Chloroform
Trichloromethane

not avail. 1 1.5*102

reproductive
yes
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Table 1- Volatile organic compounds and gases identified in livestock wastes with documented subchronic, chronic, or acute health values (O’Neill and Phillips,
1992).

Compound (names) Minnesota’s
Proposed Inhalation
Health Risk Values
(µg/m3)
Chronic         Sub-Chronic

US EPA’s
Chronic Inhalation RfC’s
(µg/m3)
and Critical Effects

California’s EPA
Acute REL (µg/m3)
and Toxicologic
Endpoints

EPA Hazardous Air
Pollutant Listing

developmental
Crotonaldehyde
2-butenal

not avail. 1

Ethyl acetate
acetic acid ethyl
ester

not avail. 1

Formaldehyde
methanal

0.8 not avail. 1 9.4*101

eye irritation
yes

Formic acid
methanoic acid

not avail. 1

Hexane yes
Hydrazine 0.002 not avail. 1 yes
Hydrogen sulphide 10 1

inflammation of the nasal mucosa
4.2*101

respiratory irritation
Isobutyl alcohol
2-methyl-1-propanol

not avail. 1

Methanol
methyl alcohol

not avail. 1 2.8*104

CNS4-mild
yes

2-methoxyethanol
methyl cellosolve
methyl glycol

50 20
testicular effects

Naphthalene 1 3
nasal effects: hyperplasia and
mataplasia in respiratory and
olfactory epithelium, respectively

yes

Phenol
carbolic acid
benzenol
hydroxybenzene

5.8*103

eye and respiratory irritation
yes
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Table 1- Volatile organic compounds and gases identified in livestock wastes with documented subchronic, chronic, or acute health values (O’Neill and Phillips,
1992).

Compound (names) Minnesota’s
Proposed Inhalation
Health Risk Values
(µg/m3)
Chronic         Sub-Chronic

US EPA’s
Chronic Inhalation RfC’s
(µg/m3)
and Critical Effects

California’s EPA
Acute REL (µg/m3)
and Toxicologic
Endpoints

EPA Hazardous Air
Pollutant Listing

Pyridine
azine

not avail. 1

Sulphur dioxide 6.6*102

respiratory irritation
Toluene 400 400

neurological effect
3.7*104

CNS-mild
eye and respiratory irritation

yes

Triethylamine 70 7 2.8*103

CNS-mild, eye irritation
yes

Xylene
Dimethylbenzene
(isomer not specified)

not avail. 1 2.2*104

eye and respiratory irritation
yes
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Ammonia

Ammonia (NH3) gas is a potent respiratory irritant associated with manure and storage
handling systems. High levels of NH3 are found particularly with solid manure systems
(Feddes and Barber, 1995). Ammonia is generated by the metabolic breakdown of urea
and uric acid present in animal and avian excreta, and by the use of quaternary
ammonium compounds as sterilizing agents.  This highly water-soluble gas is retained in
undisturbed liquid manure and on flooring surfaces where scraper systems are used.
Concentrations increase significantly from summer to winter in response to decreased
ventilation to maintain internal temperatures in the colder weather (Crook et al., 1991).

Ammonia can damage cilia in the respiratory tract, leading to impaired clearance of
particles deposited in the airways, and can stimulate hyperplasia and hypertrophy of
goblet cells and mucous glands with resulting phlegm production.  Among individuals
with increased airway reactivity, ammonia can cause reflex airway narrowing via direct
stimulation of nerve endings in the airways. NH3 is a highly irritating gas, causing
progressively worse inflammation of mucous membranes at levels of 100 ppm and above
(Hurst, 1995). Ammonia exposure above 2,500 ppm can be fatal, and above 5,000 ppm is
rapidly fatal (Hurst, 1995). In vapor form, ammonia is captured in the upper respiratory
tract. Due to the irritating nature of ammonia, serious health problems are rarely seen
because workers remove themselves from high exposures (Preller et al., 1995).

Hydrogen sulfide

Hydrogen sulfide (H2S) is a potent asphyxiant found in livestock confinement facilities.
It is a colorless and moderately water soluble gas with a density of approximately 1.19
relative to air, and is the most toxic (Hurst, 1995). H2S is flammable, and can be
explosive with the right mixture of oxygen. Due to its physical nature, H2S can remain
trapped in gas pockets and released when the manure slurry is agitated. There is potential
for high concentrations of the gas to be rapidly released during pit maintenance and
emptying procedures. Hydrogen sulfide has a characteristic “rotten egg” odor detectable
at concentrations less than 1 ppm; however at approximately 150 ppm the gas produces
olfactory paralysis which results in an inability to detect its odor and which gives a
worker who believes the exposure has subsided a false sense of security.

Hydrogen sulfide acts in the same way as hydrogen cyanide by blocking the use of
oxygen inside living cells.  Starved of oxygen, critical tissues such as the brain and heart
muscle simply stop functioning, and death can occur within 20 seconds.

At low concentrations, H2S acts as an irritant to mucous membranes, causing ocular and
airway irritation at 20 ppm, with watering eyes and cough (Hurst, 1995). As the
concentration increases, a chemical pneumonia or bronchitis may develop, followed by
pulmonary edema and central nervous system depression at 250 ppm. At 500 ppm,
nausea, unconsciousness and death are possible in thirty minutes. Concentrations over
700 ppm are more rapidly fatal due to paralysis of the respiratory center in the brain stem.
The threshold limit value (TLV) established for H2S is 10 ppm (American Conference of
Governmental Hygienists, 1994). Numerous livestock and human deaths have been
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reported as a result of exposure to H2S during agitation of manure slurry or upon entering
a manure pit (Donham et al., 1982; Hagley and South, 1983; and Osbern and Crapo,
1981), including fatalities each year in Minnesota among farmers and their families.

Successful treatment of hydrogen sulfide poisoning usually results in complete reversal
of the effects.  Removal of the individual from the contaminated environment, the
administration of oxygen, and emergency treatment with intravenous sodium nitrate or an
inhalation of amyl nitrate may revive a person who may be unconscious but still
breathing.  Hall and Rumack (1997) report some success with sodium nitrate but suggest
that much more research needs to be done.  Slow drip intravenous administration of
sodium nitrate, if begun very quickly, may help the victim (Kerns and Kirk, 1998).
Prolonged unconsciousness or the absence of breathing at the time the victim is found is a
grave prognostic sign and, even if revived, the individual may suffer permanent brain
damage.

Methane

Methane (CH4) has little toxicity but can be dangerously explosive in concentrations
greater than five%, which may occur with poor ventilation or in manure head spaces
during agitation (Feddes and Barber, 1995; and Hurst, 1995). This colorless gas has no
odor, is not very water soluble, has a relative density of about 0.5, and is highly
flammable. Due to methane’s low density and solubility, it is released constantly into the
air. As the concentration of CH4 rises, the oxygen concentration decreases resulting in
hypoxia in workers and animals (Hurst, 1995). Hypoxia causes confusion and may cause
death depending on the concentration of oxygen available and length of exposure.

Carbon Dioxide

Carbon dioxide (CO2) is of concern as elevated levels may lead to hypoxia in humans.
Carbon dioxide is produced primarily from the exhalation of the animals, but is also a
product of manure degradation. CO2 is a colorless, odorless gas with a relative density of
1.53, and is highly water soluble (Hurst, 1995). This non-flammable gas has low direct
toxicity but displaces oxygen, leading to hypoxia. Studies have shown a significant
correlation between CO2 and lung function as related to forced expiratory flow at 75%
vital capacity (FEF75) (Donham et al. 1988) and between exposure to CO2 and phlegm
production (Zejda et al., 1994).

Carbon Monoxide

Carbon monoxide (CO) is of concern as elevated levels may lead to hypoxia in humans.
CO is also a colorless, odorless, non-irritating gas produced during manure degradation,
but at very low concentrations (Hurst, 1995). When significant levels of CO are present,
the source is often the back-drafting of exhaust from heaters or other internal combustion
engines (Feddes and Barber, 1995; and Hurst 1995). When CO is inhaled, it binds rapidly
and avidly with hemoglobin, occupying the same site as oxygen, and resulting in
hypoxia.
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Variation by Segment of the Population: Gases

Health Effects on Facility Workers: Gases

Seven fatalities have been reported since 1992 in Minnesota from exposure to gases
during agitation and transfer of manure in or near storage tanks or pits.

Health Effects on Neighbors and other Community Members: Gases

In a Terre Haute Indiana study (U.S. Public Health Service, 1964), concentrations of
hydrogen sulfide ranged from 22 to 300 ppb and were sufficient to cause public
complaints and discomfort and paint blackening of lead-based paint. While Terre Haute,
Indiana, had many potential sources of odorous air pollutants, the most probable source,
which caused the public complaints and discomfort, was a 35-acre lagoon used for the
biodegradation of organic industrial waste. Many public complaints were generated about
odors, health effects, and property damage. Main symptoms reported were nausea, loss of
sleep and abrupt awakening, shortness of breath, and headache. Few citizens sought
medical attention. In the opinion of the medical observers, the hydrogen sulfide and other
odorous materials were the likely cause of the symptoms.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Gases

Variation by operation, system type, and management

The information presented above focused on animal and poultry confinement systems.
For more information on the variation in gas emissions by operation, system type, and
management, see the Air Quality and Odor report, GEIS topic III. H., question 3.

Variation by Species

Groot-Koerkamp et al. (Groot Koerkamp and others, 1998) reported mean and maximum
ammonia concentrations in cattle, pig, and poultry houses in northern Europe. Mean
ammonia concentrations ranged from 0.3 to 30 parts per million (ppm). The maximum
concentrations ranged from 1.7 to 73 ppm. The data indicates that health risks would be
greater due to ammonia in the pig and poultry buildings than in the cattle buildings.

Swine

One study found Ammonia concentrations in pig buildings in Minnesota were less than
30 ppm averaging only 10-15 ppm (Jacobson and others, 1996).  A study by Donham and
Popendorf found levels of NH3 in twenty-one confinement buildings to be near or
exceeding the threshold limit value (TLV), with a mean level of 34 ppm. A relationship
was found between the amount of NH3 and type of building (Donham and Popendorf,
1985).  Farrowing buildings had the highest mean amount of NH3 (42 ppm), followed by
nurseries (39 ppm) and finishing buildings (20 ppm). A more recent prospective study by
Donham et al. showed mean levels of NH3 to be less than the TLV, ranging from 5.2 ppm
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to 6.7 ppm (Donham et al., 1995). Higher levels of NH3 in the farrowing units may be
due to a greater production of waste per cubic foot of animal space and the warmer
environmental temperatures needed to raise the young animals (Donham and Popendorf,
1985).

Turkeys

Ammonia levels in turkey grower barns in Minnesota were higher in the fall and winter
season compared to the spring and summer (Mulhausen and others, 1987). Seasonal
average values ranged from 10 to 35 ppm. Mean ammonia concentrations in turkey
buildings ranged from 1.9 ppm in brooder barns in the summer to 46.2 ppm in grower
barns with hens in the winter (Reynolds and others, 1994).

Concentrations of carbon monoxide, hydrogen sulfide, nitrogen dioxide, and methane in
turkey grower barns were below detectable levels (Mulhausen and others, 1987). Mean
sulfur dioxide concentrations in turkey barns ranged from 0.13 to 0.36 ppm (Reynolds
and others, 1994).

Chickens

Ammonia concentrations in three broiler barns in North Carolina had average
concentrations around 25 ppm ranging from 6 to 75 ppm. Carbon dioxide concentrations
ranged from 500 to 1,000 ppm. Carbon monoxide, hydrogen sulfide, nitrogen dioxide,
oxides of nitrogen (NOx), methane, mercaptan, formaldehyde, and hydrocarbons
concentrations were all below the detection limits of the detector tubes used (Jones and
others, 1984).

Monitoring Techniques, Modeling Approaches, and Standards: Gases

Standards

MidWest Plan Service (MidWest Plan Service, 1990) lists TWA concentrations for NH3

at 25 ppm and for H2S at 10 ppm. However, Donham and Cumro (Donham and Cumro,
1999a; Donham and Cumro, 1999b) have shown synergistic effects between ammonia
and dust and suggest an ammonia TWA threshold limit of 7 ppm inside livestock and
poultry facilities. Other gases like carbon dioxide (CO2) and carbon monoxide (CO) have
TWA levels of 5,000 ppm and 50 ppm, respectively. Methane (CH4) has a safety
consideration because of possible explosiveness at 30,000 ppm (MidWest Plan Service,
1990).

Monitoring and Modeling

For information on monitoring, measuring, and modeling emissions see the Air Quality
and Odor report, GEIS topic III. H., question 5.

Prevention and Mitigation Measures: Gases
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The Air Quality and Odor report, GEIS topic III. H. question 4, describes several
mitigation and emission control technologies.

SUMMARY: GASES

Ammonia and hydrogen sulfide were the most commonly monitored gases in animal
buildings. Concentrations varied widely and depend on animal species, housing, and
manure handling. Research evidence strongly suggests that ammonia and dust have
synergistic effects. Researchers are suggesting TWA threshold limits for workers in
livestock and poultry facilities. Most other gases have not been found at levels of
concern.

DUST

Human Health Effects: Dust

Dusts in and around animal facilities include bits of feed, dried skin, hair or feathers,
dried feces, and soil particles (Koon and others, 1963; Anderson and others, 1966; Curtis
and others, 1975a; Alegro and others, 1972; Sweeten and others, 1998; Sweeten and
others, 1998). Feed was found to be the primary component of the dust (Curtis and
others, 1975b; Heber and others, 1988).

There is the possibility of dust acting as a vehicle for NH3 deposition in the lungs,
carrying it into the smaller, more sensitive parts of the pulmonary system (Preller et al.,
1995; and Donham et al., 1986). This may explain results obtained by Preller et al. which
showed an inverse association between lung function results and exposure to ammonia
gas. Other studies have also shown decrements in lung function in response to exposure
to NH3, namely a decrease in forced expiratory volume in one second, or FEV1 (Reynolds
et al., 1996) and in FEF75 (Donham et al., 1988). Zejda et al. also found correlations
between exposure to NH3, cough, and chronic bronchitis (Zejda et al., 1994).

Airborne dust in swine confinement facilities is organic in nature with numerous
components having been identified. These components include feed, dried feces and
urine, swine dander, pollen, grains, insect parts, and mineral ash; feed and fecal
components compose the bulk of particles collected (Donham et al., 1986). In addition to
NH3, other airborne substances include endotoxins, molds and bacteria which may also
attach to larger dust particles (Feddes and Barber, 1995). These microorganisms consist
primarily of gram-positive bacteria with much lower amounts of gram-negative bacteria
and fungi (Crook et al., 1991; and Donham et al., 1986).

Dust particles settle in different regions of the respiratory system depending on their size.
Those particles with a mass median aerodynamic diameter greater than 10 microns are
deposited mainly in the upper respiratory tract, particles of 3-10 microns are deposited
mainly in the major airways of the lower respiratory tract, and respirable particles, those
less than three microns, largely deposit in the lung parenchyma.
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Numerous studies have reported dust concentrations in animal buildings. Mean inhalable
dust levels in various cattle, swine, and poultry buildings in Europe ranged from 0.22 to
4.58 mg/m3 (Takai and others, 1998). Inhalable dust represents the dust inhaled through a
human’s nose and mouth (Mark and Vincent, 1986). Mean respirable dust concentrations
ranged from 0.09 to 0.64 mg/m3 (Takai and others, 1998). Respirable dust represents the
dust that can penetrate deeply into the respiratory tract and lungs.

Variation by Segment of the Population: Dust

Effects on Facility Worker Health: Airborne Dust

Airborne dust is suspected as the major cause of chronic worker health symptoms
(Rylander and others, 1989). Work-related symptoms include nasal and eye irritation,
cough, chest tightness, wheeze, and phlegm, all reflecting mucous membrane irritation
(Crook et al., 1991; and Donham et al., 1995).  Zejda et al. found exposure to respirable
dust correlated with the symptoms of phlegm and wheeze (Zejda et al., 1994).

Effects on Community Health: Airborne Dust

Dust from animal facilities and feed mills can contribute to the ambient dust levels.
Emissions from large beef cattle feedlots in Texas and California are regulated (Sweeten
and others, 1998). Dust mitigation methods are used to reduce emissions from these
sources.  Ambient dust is regulated by the U.S. Environmental Protection Agency (EPA)
under the National Ambient Air Quality Standard (NAAQS) (EPA, 1998c). No research
was found reporting on the health effects of ambient dust concentrations downwind of
animal facilities in the Midwest or Minnesota. This might be a topic for future research.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Dust

Variation by operation, system type, and management

The information presented above focused on animal and poultry confinement systems.
For more information on the variation in gas emissions by operation, system type, and
management, see the Air Quality and Odor report, GEIS topic III. H., question 3.

Variation by Species

Turkeys

Total dust concentrations in turkey barns in Minnesota ranged from 0.4 to 13.8 mg/m3

across two studies (Mulhausen and others, 1987; Reynolds and others, 1994).
Concentrations were highest in the winter. Respirable dust concentrations ranged from
0.1 to 2.6 mg/m3 (Reynolds and others, 1994).

Chickens
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Total dust concentrations in broiler barns in North Carolina ranged from 0.02 to 11
mg/m3 (Jones and others, 1984). Respirable dust levels ranged from 0.02 to 0.62 mg/m3.
Bird age, litter age, and animal activity were factors (Jones and others, 1984).

Total and respirable dust concentrations in caged layer barns in Sweden were comparable
or less than those in barns without cages (alternative housing) (Martensson, 1995). Total
dust concentrations in the conventional caged layer barns ranged from 1.3 to 2.7 mg/m3

while respirable dust concentrations ranged from 0.08 to 1.04 mg/m3. Corresponding total
and respirable dust concentrations in the alternative barns ranged from 2.6 to 4.1 mg/m3

and 0.08 to 1.13 mg/m3, respectively.

Horses

Total dust concentrations in an Italian horse stable ranged from 0.26 to 10.82 mg/m3 with
a mean concentration of 1.95 mg/m3. Respirable dust concentrations ranged from 0.03 to
1.46 mg/m3 with a mean of 0.38 mg/m3 (Navarotto and others, 1994).

Swine

A significantly greater proportion of swine farmers report nasal and eye irritation, cough,
chest tightness, wheeze, and phlegm as compared to farmers raising other types of
livestock or only crops (Carvalheiro et al., 1995; and Zhou et al., 1991). Swine workers
report respiratory illness more frequently than controls, including frequent chest colds,
pneumonia, and work absence due to respiratory illness (Donham et al., 1988).

Research in swine buildings indicates that total dust concentrations are higher in finishing
barns than either nursery or gestation barns. Donham and others (1986) reported mean
total mass dust concentrations to be 3.2 mg/m3 in farrowing units, 5.2 mg/m3 in nursery
units, and 15.3 mg/m3 in finishing buildings. The respirable fractions were 20%, 13.4%,
and 12.4% of the total dust in the farrowing, nursery, and finishing buildings,
respectively. Maghirang, Puma, et al. (Maghirang and others, 1997) reported a mean total
dust concentration of 0.72 mg/m3, ranging from 0.12 to 2.14 mg/m3 in a test swine
nursery. The respirable fraction ranged from 2 to 30% of the total dust, with an overall
mean of 11%.

Total dust levels on average, are lowest in farrowing buildings (3.2 mg/m3) followed by
grower/nursery units (5.2 mg/m3) and finishing units (15.3 mg/m3) (Donham et al., 1986).
These results differ from the concentrations estimated by Preller et al., showing farrowing
units to have higher concentrations of dust (Preller et al., 1995). Donham et al. found
farrowing units to have a greater proportion of particles of respirable size, followed by
the nursery and finishing buildings respectively (Donham et al., 1986). Feed dust and
swine dander particles were found to be larger in size, and therefore more likely to
deposit in the upper respiratory tract and airways, while particles of fecal origin were
found in all of the size ranges, and made up the majority of respirable particles (Donham
et al., 1986).
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A number of factors contribute to higher dust levels in swine confinement facilities:
stocking density, the age of animals, the feeding system and type of feed (pellet, meal, or
loose), hygiene practices, building design, humidity and ventilation (Crook et al., 1991;
and Takai et al., 1998). Operations using floor feeding or restricted feeding systems have
higher levels of dust (Crook et al., 1991; and Holness et al., 1987). Pellet feed is less
dusty than dry meal or loose feed and operations where feed is ground indoors have
higher levels of dust (Crook et al., 1991; Holness et al., 1987; and Donham et al., 1986).
Dust concentrations in pig buildings increase from summer to winter, due to colder
temperatures and the decrease in ventilation in order to conserve heat (Crook et al., 1991;
Donham et al., 1986; and Takai et al., 1998).

Monitoring Techniques, Modeling Approaches, and Standards: Dust

Standards

Time-weighted average (TWA) total and respirable dust exposure thresholds of 2.4
mg/m3 and 0.16 mg/m3, respectively for workers in livestock and poultry facilities have
been suggested (Donham and others, 1989; Donham and others, 1995; Reynolds and
others, 1996; Donham and Cumro, 1999a). Time-weighted average threshold limits are
based on an eight hour work-day and a 40-hour work week and apply to workers, not the
public in the surrounding area.

Monitoring and modeling

A discussion of monitoring and modeling dust emissions can be found in the Air Quality
and Odor report, GEIS topic III. H., question 5.

Prevention and Mitigation Measures: Dust

Worker health can be mitigated using dust respirators or masks. Studies report reduced
incidence of common respiratory symptoms and substantial respiratory protection
(Iversen and Takai, 1990; Hellickson and others, 1989; Barber and others, 1999;
Senthilselvan and others, 1999). Also see the Air Quality and Odor report, GEIS topic III.
H. question 4, on mitigation and emission control technologies for dust.

SUMMARY: DUST

Dust concentrations in animal facilities can vary widely. Sampling techniques (i.e., aerial
versus personal) and building conditions vary widely making direct comparison very
difficult. They depend on many management and animal factors. Aerial and personal
sampling techniques differ and will give different results. The results indicate that animal
buildings can be quite dusty and generally depend on numerous factors including
ventilating rate, humidity level, litter use and condition, animal density and activity level,
feed form and content, feeding system, amount of cleaning, and other management
practices. Dust in animal facilities can be a major contributor to worker health symptoms.
Researchers have suggested time weighted average limits for total and respirable dust for



Literature Summary for the GEIS on Animal Agriculture                    UNIVERSITY OF MINNESOTA

K–32

workers in livestock and poultry. Respirators and masks can provide substantial
respiratory protection.

ODORS

Human Health Effects: Odors

Several studies have investigated the health effect of ambient odors downwind of
industrial and agricultural sources. Shukla (Shukla, 1991) stated that the immediate
physiological stresses produced by odors can cause loss of appetite and food rejections,
low water consumption, poor respiration, nausea, and even vomiting and mental distress.
In extreme cases, offensive odors can lead to deterioration of personal and community
well-being, interfere with human relations, deter population growth, and lower its socio-
economic status (Shukla, 1991).

Shusterman et al. (Shusterman and others, 1991) reported on three studies which were
conducted in California regarding odor and health complaints. The odorants identified in
each of the studies were reduced sulfur gases and compounds with odor thresholds three
to four times lower than thresholds that cause respiratory irritation or systemic toxicity.
These studies found great variability at when different people in the community could
detect odors. Females were more sensitive, while elderly and smokers were less sensitive
to smells. The study notes that these differences are important when the community
responds to odor abatement measures. It also found that repeated exposure to an odor
resulted in enhanced odor recognition and detection. Most symptoms reported by
individuals were acute in onset, self-limiting in duration, and subjective, making it
difficult or impossible to substantiate objectively (Shusterman and others, 1991).

Shusterman et al. (Shusterman and others, 1991) also presented theories as to why the
body may respond to odor. He sets them out in various categories.

n Relationship between Odor Detection and Acute Toxicity: Acute odor-related
symptoms could and do occur without toxic exposures. For example, symptoms reporting
of sulfur gases begin at levels that barely exceed their odor threshold.

n Innate Odor Aversion: A built-in mechanism for all people to react to pleasant and
unpleasant odors. Even babies respond predictably.

n Innate Pheromonal Phenomena: Odors trigger some hormonal responses in animals.
Still under study with humans.

n Odor-related Exacerbation of Underlying Conditions: One pre-existing medical
condition that may coincide the hyper susceptibility to odors is bronchial asthma. Pre-
existing psychological conditions might cause some individuals to respond more to odors.

n Odor-related Aversive Conditioning: After a traumatic exposure, some people report
symptoms in response to low-level exposures. While initial symptoms occurred with
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traumatic exposure, subsequent attacks and symptoms occurred both with and without
odor triggers.

n Odor-related, Stress-induced Illness: Persons who believe the odor source is a toxic
risk have more symptoms and psychological distress when exposed to odors. This was
shown to be the most important variable in people's response to odor.

n Mass Psychogenic Illness: Clusters of people experience similar symptoms. Odors
frequently play an important role in causing alarm. Not usually seen in a community
setting.

n Recall Bias: This can occur when an adverse health outcome, the publicity surrounding
an environmental issue or odor perception, affects the accuracy of recall for a particular
symptom.

Knasko (Knasko, 1993) reported on the effects of intermittent bursts of pleasant,
unpleasant, and no odor on human task performance, mood and perceived health. Odors
did not influence any of these measures; however, subjects who had been exposed to the
malodors reported retrospectively that they thought the odors had a negative effect on all
of these factors (Knasko, 1993).

Retrospective symptom prevalence data, collected from over 2000 adult respondents
living near three different hazardous waste sites, were analyzed with respect to both self-
reported environmental worry and frequency of perceiving environmental (particularly
petrochemical) odors (Shusterman and others, 1991). Significant positive relationships
were observed between the prevalence of several symptoms (headache, nausea, eye and
throat irritation) and both frequency of odor perception and degree of worry. Headaches
for example, showed a prevalence odds ratio of 5.0 comparing respondents who reported
noticing no such odors and 10.8 comparing those who described themselves as very
worried versus not worried about environmental conditions in their neighborhood.
Potential explanations for these observations are presented, including the possibility that
odors serve as a sensory cue for the manifestation of stress-related illness (or heightened
awareness of the underlying symptoms) among individuals concerned about the quality
of their neighborhood environment.

Cavalini (Cavalini, 1994) noted that with regard to general health complaints, it was
found that when exposed to (industrial) odorant concentrations, some people are annoyed
and of these people, only some report general health complaints. Exposure in itself does
not directly cause general health complaints. Annoyance is the intervening variable
between exposure and general health complaints. A possible explanation for the relation
between annoyance by malodor and general health complaints might be found in the
personality and attitudes of the exposed individual. Cavalini (Cavalini, 1994) found
confirmation for the appraisal hypothesis, i.e., the extent to which individuals regard
malodor as threatening is positively related to odor annoyance.

Odors have also been reported to affect cognitive performance (Lorig, 1992; Ludvigson
and Rottman, 1989) and physiological responses including heart rate and



Literature Summary for the GEIS on Animal Agriculture                    UNIVERSITY OF MINNESOTA

K–34

electroencephalographic patterns (Lorig, 1989; Lorig and others, 1991; Lorig and Robers,
1990; Lorig and others, 1993; Lorig and Schwartz, 1988; Manley, 1993). Learning (via
conditioning) may also play a role in the psychological and physical effects from odors.
Conditioned aversions to odors are documented in the scientific literature (Dyck and
others, 1990; Goodwin and others, 1992; Hunt and others, 1993; Meachum and
Bernstein, 1992; Murua and Molina, 1990; von Kluge and Brush, 1992).

Odorant molecules contained in emissions from hog farms may cause nasal and
respiratory irritation (Bundy, 1992; Cometto-Muniz and Cain, 1991; Donham, 1990;
Miner, 1980; Blaha, 1999). Nasal irritation has been shown to elevate adrenaline (Allison
and Powis, 1976) which may contribute to feelings of anger and tension. The volatile
organic compounds (VOCs ) responsible for odors may also be absorbed directly by the
body (into the bloodstream and fat stores) via gas exchange in the lungs. Many VOCs
that are inhaled into the lungs are known to reach blood and adipose tissue. Persons who
have absorbed odorants through the lungs can sometimes smell the odor for hours after
exposure due to slow release of the odorants from the bloodstream into expired air
activating the olfactory receptors. Volatile organic compounds are well known to be
eliminated in breath after exposure (Raymer and others, 1991; Wallace and others, 1991),
and methods for measuring VOCs in breath have been described as abnormal smell
functioning.

Variation by Segment of the Population: Odor

Health Effects on Facility Workers: Odor

There is nothing in the literature on the health effects of odor on facility workers.  This is
presumably because the environmental health research has focused on the effects of
individual compounds (such as gases) rather than on odors.

Health Effects on Asthmatics: Odor

Odors are an important cause of worsening of asthma. From a practical standpoint,
sensitive asthmatic patients should be advised to eliminate odors from their environment
as much as possible (Shim and Williams, 1986). Shim and Williams (Shim and Williams,
1986) reported that many patients complain that some odors worsen their asthma.
Perfume and cologne are two of the most frequently mentioned offenders. Four patients
with a history of worsening asthma on exposure to cologne underwent challenge with
cologne, and their pulmonary function was tested before, during, and after the exposure.
Forced expiratory volume in one-second declined 18 to 58% below the baseline period
during the 10-minute exposure and gradually increased in the next 20 minutes. Saline
placebo pretreatment did not affect the response to subsequent challenge. A survey of 60
asthmatic patients revealed a history of respiratory symptoms in 57 of them on exposure
to one or more common odors.

Health Effects on Neighbors and Other Community Members: Odor
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Odor complaints have been reported to be most frequent among new, large, or recently
expanded animal facilities that are located near existing residences or shopping areas
(Miner, 1980; Sweeten and Miner, 1993).

A Michigan study (Warner and others, 1990) was designed to assess the impact of a
50,000 animal swine-growing facility as an odor source and potential health problem. In
parallel with the measurement of odor intensity, the Michigan Department of Public
Health conducted a health survey to obtain information regarding the pervasiveness of the
odor in the community and its possible health implications. Citizens’ complaints reported
included physical symptoms such as breathing difficulties, burning sensations in the nose
and throat, nausea and vomiting, and headaches. A survey of residents within 0.5 miles of
the center of the facility (58 households / 89 persons) and those between 0.5 and 1.25
miles away (176 households / 225 persons) resulted in response rates of 55% and 49%,
respectively. The authors concluded the following: “These responses contained
complaints of symptoms attributable to the swine facility. As with any population,
symptoms as general as those which relate to complaints as noted are difficult to correlate
to specific health problems. However, the clear excess of complaints stands as a fact of
record. Perhaps further study is needed to surface a better understanding of individual
health effects and symptoms as these relate to perception of odor.” “Information is not
provided on the type of complaints nor was there any report on frequency of symptoms or
whether they differed by proximity to the farm” (Warner and others, 1990).

From 1984 to the mid-90s, a large scale and long-term epidemiological study on the
frequency of respiratory disease in children comparing rural and urban areas was
conducted in Germany by the German Medical Association. The results showed that in
the rural areas a non-significant higher proportion of allergic disease in children was
recorded; however, no conclusions on any causal relation to livestock operations could be
drawn, since there were too many confounding factors (Blaha, 1999).

Schiffman et al. (Schiffman and others, 1995) evaluated forty-four individuals living near
hog operations and forty-four control subjects in North Carolina. These two groups were
matched on the basis of age, gender, race, and educational level. Compared to controls,
the experimental group had statistically significant increases in tension, depression,
anger, fatigue, and confusion scores from the standardized Profile of Moods State
Questionnaire. Schiffman deemed these findings consistent with other previous studies
where odors of varying hedonic properties have been found to affect mood (Baron, 1990;
Ehrlichman and Bastone, 1992; Rotton, 1983; Schiffman and others, 1994a; Schiffman
and others, 1994b; Blaha, 1999; Winneke and Kastka, 1977). Schiffman states that the
mood alteration could be caused by “a) the unpleasantness of the sensory quality of the
odor; b) the intermittent nature of the stimulus; c) learned (via conditioning) aversions to
the odor, and are well documented in the scientific literature; d) potential neural
stimulation of immune responses via detect neural connections between odor centers in
the brain and lymphoid tissue; e) direct physical effects from molecules in the plume
including nasal and respiratory irritation; f) possible chemosensory disorders; and g)
unpleasant thoughts associated with the odor.”
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Thu et al. (Thu and others, 1997) reported on the association of health effects with
exposures to environmental odors from animal operations. The study collected mental
and physical health information by personal interviews from a small random sample of
18 residents living within two miles of a 4,000-sow operation in Iowa. Data was
compared to that collected from a demographically comparable sample of 18 rural
residents living in an area with minimal livestock production. The results of the
comparison indicated that “neighbors of the large-scale swine operation reported
experiencing significantly higher rates than the controls of four clusters of symptoms that
are known to represent toxic or inflammatory effects on the respiratory tract. These
clusters of symptoms have been well documented among swine confinement workers.”
The specific symptoms reported are quite similar to the list of symptoms reported by hog
farm workers: cough, increased sputum production, shortness of breath, chest tightness,
wheezing, nausea, dizziness, headaches, runny nose, scratchy throat, burning eyes,
muscle aches and pains, skin rash, and fever. Among the control group in this study,
symptoms of skin rash, muscle aches, and fever were more frequently reported. There
was no difference in the frequency of reported symptoms and distance from the swine
facility. This study found that neighbors did not suffer higher rates of psychological
health effects, such as depression or anxiety, when compared to controls. Thu et al. (Thu
and others, 1997) also states that all responders felt the owner of the farm was creating
social and class divisions within that community.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Odor

Variation by operation, system type, and management

The information presented above focused on animal and poultry confinement systems.

Variation by Species

A recent study (Wing and Wolf, 1999) was prompted by the rapid expansion of intensive
hog productions in North Carolina. Residents of three rural communities were surveyed,
one community in the vicinity of a 6000-head hog operation, one community in the
vicinity of two intensive cattle operations, and a third rural agricultural community where
residents lived at least two miles from livestock operations that use liquid waste
management systems. The average number of episodes of most symptoms was similar in
the three communities with the exception of respiratory, gastrointestinal, and mucous
membrane problems. The study found “a number of symptoms that have previously been
reported to be elevated among persons occupationally exposed in swine confinement
houses were elevated among residents of the hog community compared to the community
with no livestock operations. In particular, headache, runny nose, sore throat, excessive
coughing, diarrhea, and burning eyes were reported more frequently in the hog
community. Members of the cattle community did not report similar elevations, nor did
they report reduced quality of life. The quality of life measures concerning opening of
windows and ability to go outdoors even in nice weather showed a large excess in the hog
community.” Long-term physical and mental health impacts of reduced quality of life
could not be investigated in this study.
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For additional information on variation in odor emissions by system type, see the Air
Quality and Odor report, GEIS topic III. H., question 3.

Monitoring Techniques, Modeling Approaches, and Standards: Odors

For information on odor measurement technologies and methods, see the Air Quality and
Odor report, GEIS topic III. H., question 5.

Prevention and Mitigation Measures: Odors

For information on odor mitigation and control technologies, see the Air Quality and
Odor report, GEIS topic III. H., question 4.

BIOGENIC PARTICLES

Human Health Effects: Biogenic Particles

Airborne biogenic particles include bacteria, viruses, fungi spores, amoebae, algae,
pollen, plant parts, insect parts and wastes, endotoxins and mycotoxins. Endotoxins are
naturally occurring substances in the cell walls of gram negative bacteria that are released
when the microorganisms die. Mycotoxins are toxins produced by fungi. Researchers
have reported biogenic concentrations for bacteria, fungi and endotoxins in animal
buildings. Microbial sources include the animals, bedding, feed, manure or exterior
(outside) sources.

The inhalable airborne particles present in these environments come from microbial,
vegetable, animal, and avian origins.  A key component of these aerosols is endotoxin
which is derived from the cell walls of gram-negative bacteria that grow readily in the
excreted feces and urine of livestock and heavily contaminate animal and poultry
facilities (Clark and Rylander, 1983; Donham et al., 1986; Reynolds et al., 1994).
Experimental studies in laboratory animals have confirmed that the direct instillation of
endotoxin into the lungs causes airway and parenchymal lung changes (Milton et al.,
1990).

Various allergens become airborne and are capable of causing sensitization of the upper
and lower respiratory tracts (Brady J; Dalphin et al., 1998; Iversen 1997; Mauny et al.,
1997; Vohlonen et al., 1987).  Such aeroallergens occur almost exclusively in or on the
surface of inhalable particles.  Allergic reactions can be caused by a wide variety of
agents, including proteins from animal dander or feathers, from urinary and fecal
proteins, from vegetable matter in bedding and feed materials, and from molds and other
microbial flora in the environment.  Asthma and allergic rhinitis occur commonly among
livestock confinement workers (Dalphin et al., 1998; Donham et al., 1989; Iversen 1997;
Mauny et al., 1997; Noorhassim et al., 1995; Terho, 1990; Vohlonen et al., 1987;
Wilhelmson et al., 1989).

Variation by Segment of the Population:  Biogenic Particles
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Health Effects on Facility Workers: Biogenic Particles

Zejda et al. found exposure to endotoxin correlated significantly with chronic cough, and
marginally with chronic bronchitis (Zejda et al., 1994). After adjusting for smoking,
chronic cough and chronic bronchitis were associated significantly with airborne
concentration of endotoxin (Zejda et al., 1994).

Some researchers have noticed episodes of organic dust toxic syndrome (ODTS) in
animal facilities workers (33% of workers), mainly during high dust exposure times like
sorting or moving animals and during power washing of the building interior. These
situations may be related to inhaling endotoxins from aerosolized gram negative bacteria
(Rylander and others, 1989). Donham et al. (Donham and others, 1988) found endotoxin
levels to be significantly related to the one-second forced expiratory volume (FEV1) and
the forced expiratory phase at 25-75% lung volume (FEV25-50) of swine workers in a
dose dependent way. Donham and Cumro (Donham and Cumro, 1999a) suggest TWA
threshold concentrations of 614 EU/m3 for total endotoxin and 0.35 EU/m3 for respirable
endotoxin.

Health Effects on Neighbors and other Community Members: Biogenic Particles

A few researchers have considered the effects of biogenic emissions from animal
facilities and their potential as a respiratory health hazard and disease transmission to
other animals (Bohm and Hartung, 1994; Homes and others, 1996; Seedorf and others,
1998). Some of the research on animals, especially pigs, may be useful in terms of
learning what occurs in humans.

Local topography, weather, emission rates and source characteristics will effect potential
transmission (Seedorf and others, 1998). Measurements at one swine facility found total
bacteria concentrations decreased dramatically between inside and outside a swine
facility. Concentrations were higher than background levels at 200 m but not at 300 m
downwind of a swine facility (Homes and others, 1996).

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Biogenic Particles

Variation by operation, system type, and management

The information presented above focused on animal and poultry confinement systems.
There is limited research information on microbial populations as affected by feed type,
animal activity, bedding type and management, manure handling system, stocking
density, air temperature, and relative humidity. Bedding provides environmental
conditions appropriate for bacterial growth and fungal spores (Beran, 1991). Populations
change with bedding use. Fungi populations in fresh and used litter in broiler houses had
different species populations. Aspergillus spp. and Scopulariopsis brevicaulis were
predominant in the litter after one cycle of birds (Dennis and Gee, 1973).  Research
reported by Jones et al.  (1984) for broiler farms in North Carolina indicated airborne
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fungal counts were an order of magnitude higher in a house with fresh litter compared to
a flock housed on old litter (same age birds).

Airborne endotoxin concentrations were measured in cattle, pig, and poultry buildings in
Europe (Seedorf and others, 1998). Mean inhalable endotoxin concentrations ranged from
11.8 to 786 nanograms/m3 (ng/m3). Mean respirable endotoxin concentrations ranged
from 0.6 to 72 ng/m3. In general both inhalable and respirable concentrations were higher
in poultry buildings than pig buildings and lowest in cattle buildings. Generally daytime
concentrations were higher than nighttime concentrations.

Seedorf et al. (Seedorf and others, 1998) measured airborne microorganism
concentrations in animal buildings, mostly in Germany. The highest mean bacterial
concentrations were measured in broiler buildings where the mean concentration was
6.43 logarithm of colony-forming-units per cubic meter of air (log cfu/m3). Mean
bacterial concentrations in layer and pig houses ranged from 4 to slightly over 5 log
cfu/m3. Mean bacterial concentrations in cattle barns were generally slightly over 4 log
cfu/m3. Mean daytime Enterobacteriaceae concentrations ranged from 3.2 to 4.5 log
cfu/m3. Mean daytime fungi concentrations were 3.8 for cattle, 3.7 for pigs, and 4.0 for
poultry log cfu/m3, respectively with similar values for nighttime (Seedorf and others,
1998).

Variation by Species

Poultry

Hartung (Hartung, 1994) noted some generalities in a review regarding airborne microbes
in poultry buildings. Airborne microorganisms found in poultry buildings, as in most
livestock facilities include: staphylococci, streptococci, pseudomonas, E.
coli/Enterobacter, fungi, molds and yeasts. Of the fungi, several different species were
found Β some of which considered to be allergenic (Penicillium, Aspergillus,
Cladosporium, and Alternaria) (Hartung, 1994).

Airborne bacteria concentrations in three broiler barns in North Carolina were around
150,000 cfu/m3 (Jones and others, 1984). Fungi concentrations were 10,000 cfu/m3.
Endotoxin concentrations ranged from 0.77 to 61 ng/m3 in the total dust samples and
from 0.71 to 15 ng/m3 in the respirable dust.

Because methods of microbial determination (i.e., bacteria and/or fungi) and
differentiation (i.e., fungi species), sampling times and sites differed between studies,
there may be limited value in reported quantities of airborne particulates as absolute
values. For instance, three papers reported widely varying airborne microbial
concentrations in egg layer houses for layers in cages: range of 360 to 3781 CFAs per
liter of air (Hartung, 1994); range of 17 to 5860 cfus per liter of air (Muller, 1987); and,
range of total bacteria of 290,000 to 680,000 cfus per cubic meter (Clark and Rylander,
1983).
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The effects of independent variables can be assessed when measurements are taken using
the same standard procedures for specific comparison purposes. For instance, the type of
poultry and housing shows an effect on airborne microorganism concentrations.
(Hartung, 1994) indicated that airborne microorganisms in houses with chicken layers on
litter (bedding) had approximately 5 times the concentrations compared to chicken layers
in cages, perhaps reflecting the difference in hen activity and contributions of the litter
material.

In the Midwest, season had a significant affect on airborne microorganisms in turkey
houses. (Mulhausen and others, 1987) found that airborne Aspergillus concentrations in a
turkey barn in Minnesota never exceeded 73 cfu/m3, which was less than background
levels found in two ambient air studies (Calvo and others, 1980; Jones and Cookson,
1983). Reynolds et al. (Reynolds and others, 1994) found mean bacteria concentrations in
turkey barns ranged from 300,000 to 38,700,000 cfu/m3. Higher levels of bacteria,
approximately 5 fold, (Debey and others, 1995) and higher levels of Aspergillus,
approximately 3.5 fold (Janni and others, 1985) were found in rearing facilities in the
winter compared to summer. The large difference is most likely due to ventilation rates
targeted toward keeping barns warm in the winter and heat removal in the summer time.

Monitoring Techniques, Modeling Approaches, and Standards: Biogenic Particles

For information on monitoring, measuring and modeling biogenic particles emissions, see
the Air Quality and Odor report, GEIS topic III. H., question 5.

Prevention and Mitigation Measures: Biogenic Particles

For information on mitigation and emission control technologies for biogenic particles,
see the Air Quality and Odor report, GEIS topic III. H., question 4.

SUMMARY: BIOGENIC PARTICLES

Biogenic particles are a broad class of organic particulates including bacteria, fungi, and
endotoxins. Concentrations differ depending on animal species, manure system and
management, bedding use, feed form and quality, feeding system, animal activity, and
management. Measurement techniques vary making direct comparison between studies
very difficult. Endotoxins can reduce respiratory capacity and researchers have suggested
threshold limits for workers in livestock and poultry facilities.

Variation by Segment of the Population: Airborne Contaminants

The following is a summary on variation in health effects by segment of the population
for all airborne contaminants combined.  For more detailed information on the variation
in health effects by segment of the population for each airborne contaminant, see
“Variation by Segment of the Population” for each airborne contaminant above.

FACILITY WORKERS
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The increasing use of intensive livestock-management systems presents a number of risks
to the respiratory health of the workers. Air contaminants present in confined animal
housing include carbon dioxide, carbon monoxide, bioaerosols, airborne dust particles
and manure gases consisting of ammonia, hydrogen sulfide, methane and other odorous
compounds (Feddes and Barber, 1995). Acute effects, ranging from impaired status of
consciousness to death, arise from exposure to asphyxiates such as hydrogen sulfide,
methane, carbon monoxide and carbon dioxide (Donham et al., 1977; and Hurst, 1995).
Subacute and chronic respiratory effects, such as symptoms of airway irritation, and
small decrements in lung function, appear to be associated primarily with exposures to
ammonia, dust particulate and bioaerosols (Zejda et al., 1994).

The health of people working in animal housing facilities, especially in swine and poultry
units, has become a concern to the producers, health officials, and researchers. Chronic
respiratory problems for workers in these environments are common including symptoms
such as cough, sputum production, chest tightness, shortness of breath, and wheezing due
to the airborne dust, gases, and other particulates (Donham, 1989). Acute worker health
and safety concerns also exist during short-term events like manure pit agitation that can
result in large emissions of toxic gases like hydrogen sulfide. Seven fatalities have been
reported since 1992 in Minnesota from exposure to these gases during the agitation and
transfer of manure in or near storage tanks or pits.

A number of studies have found workers in intensive animal facilities with a high
prevalence of respiratory health problems (Patni and Clarke, 1991; Iversen and Takai,
1990; Hellickson and others, 1989; Zejda and others, 1994). Most of these studies were
done in pig barns but several (Hellickson and others, 1989; Nicolai and Janni, 1998a)
were carried out in poultry (turkey) facilities. Assessment was done by measuring the
reduction in lung function of animal facility workers (Iversen and Takai, 1990). Patni and
Clarke (1991) compared to non-exposed people. Lung function also decreased as workers
became older (Hellickson and others, 1989).

When compared to unexposed controls, swine confinement workers have been shown to
have a greater prevalence of respiratory symptoms, such as cough, shortness of breath,
wheezing, chronic bronchitis, and decrements in lung function (Donham et al., 1988;
Crook et al., 1991; and Holness et al., 1987). Agents associated with these effects include
ammonia, bioaerosols, and airborne dust composed of a complex mixture of substances.
Schwartz et al. found swine confinement workers to have far greater exposure to total
dust and endotoxin as compared to neighboring farmers not involved in swine
confinement farming (Schwartz et al., 1995). These results are supported by findings of
Holness et al. as well (Holness et al., 1987).

Several studies compared the health or respiratory function between workers in pig
facilities and those on farms without swine and workers not associated with farms. A
number of studies reported a higher frequency of respiratory symptoms, more colds,
wheezing, coughing, and pneumonia in swine workers than in other farm workers not
exposed to pig barn environments (Donham and others, 1984; Holness and others, 1987;
Vohlonen and others, 1987; Dosman and others, 1987; Wilhelmson and others, 1989).
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Numerous clinical and epidemiological studies of confinement farmers in the dairy,
swine, and poultry industries have shown an excess of acute and chronic respiratory
disorders among workers exposed to high dust levels and various toxic gases.

Acute health effects are particularly common.  These are manifested mainly by symptoms
of respiratory irritation (cough, phlegm production, and frequent wheezing), upper
respiratory and eye irritation, acute decreases in lung function during the work period,
and increased rates of upper and lower respiratory infections (Donham et al., 1984b,
1987, 1989; Dosman et al., 1988; Holness et al., 1987; Iversen et al., 1989; Iversen and
Pederson, 1990; Iversen and Takai, 1990; Reynolds et al., 1994; Terho, 1990; Vohlonen
et al., 1987; Wilhelmson et al., 1989).  The rates of allergic disorders (asthma, rhinitis)
are increased also among farmers in animal and poultry confinement facilities (Amishima
et al., 1995; Donham et al., 1984b; Iversen et al., 1989; Noorhassim et al., 1995; Prior et
al., 1996; van Hage-Hamsten et al., 1985; Vogelzang et al., 1997; Wilhelmson et
al.,1989).

In the few longitudinal studies to date, livestock confinement workers have shown
increased rates of cough, phlegm, and wheezing, as well as an accelerated loss in lung
function consistent with the development of chronic airflow obstruction (Dalphin et al.,
1998; Iversen 1997; Mauny et al., 1997; Vohlonen et al., 1987).  Some studies have
shown that chronic airflow obstruction may be accompanied by increased bronchial
reactivity, suggesting an “asthmatic” component to the airway obstruction (Amishima et
al., 1995; Iversen et al., 1989; Vogelzang et al., 1997).

In addition to the acute and chronic airway effects, workers in livestock confinement
facilities can develop acute febrile illnesses.  The most common variant is a self-limiting
condition in which people complain of high fever, chills, dry cough, and muscle aches
and pains.  This condition resembles a bad case of the flu and has been termed the
“organic dust toxic syndrome” (ODTS).  The causative agent(s) for ODTS have not been
identified but probably include cellular components of bacteria or fungi.  This is thought
not to be an allergic reaction but rather an acute, massive response of white cells to the
presence of large amounts of the toxic material in the lungs.  People with ODTS have
usually been exposed to very high dust levels that are heavily contaminated with
microbial organisms.  A similar disorder has been described in workers handling sewage
sludge.

A similar but much less common condition is “farmer’s lung” (Lutsky et al., 1984).
Originally described in farmers breathing dust from moldy hay, this disorder resembles
an episode of pneumonia: the individual appears ill with a high fever and a high white
cell count in the blood, and there may be shadows on the chest X-ray that suggest an
infectious or inflammatory process.  The condition is a lymphocyte-mediated
immunologic reaction to specific molds (Thermophilic actinomyces and Micropolyspora
faeni), that can lead to lung fibrosis and respiratory failure if repeated exposures occur.
Workers in livestock confinement facilities may experience similar problems, and could
develop lung fibrosis, if they inhale the same molds.
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To summarize the effects on the lungs, the predominant findings from studies of workers
in animal and poultry confinement facilities are thus acute and chronic airway irritation,
and the development of chronic airway obstruction over time.  Where exposures have
been measured, it appears that the risks of adverse health effects are related mainly to
exposure levels of airborne particles (Clark and Rylander, 1983; Donham et al., 1986,
1989; Holness et al., 1987; Reynolds et al., 1995; Vogelzang et al., 1997).  To date the
exposure-response relationships have not been well defined, and considerable uncertainty
exists about what might constitute a “safe” level of exposure to dust and gases in
livestock confinement facilities.  It is apparent from available data, however, that
respiratory health problems occur among workers in large and small confinement
facilities, and that these problems relate primarily to the levels of aerosols and gases
present.

Senthilselvan et al. conducting a four year longitudinal study, reported swine
confinement workers (n=217) had the largest annual rate decline in lung function as
compared to grain farmers (n=218) and nonfarming controls (n=179) (Senthilselvan et
al., 1997a).  After controlling for age, height, smoking, and baseline pulmonary function,
swine confinement workers had an excess annual decline of 26.1mL in FEV1
(p=0.0005), 33.5 mL in FVC (p=0.0002), and 42.0 mL/s in forced expiratory flow
between 25% and 75% of FVC (FEF25-75%) (p=0.02) over nonfarming control subjects.
Findings suggest that swine confinement workers are prone to accelerated yearly losses in
lung function with a risk for future development of chronic air flow limitation.

Lung function decrements across a work shift are associated with endotoxin levels (Zejda
et al, 1994; Donham et al., 1988; Holness et al., 1987; and Schwartz et al., 1995) and
there is evidence of a dose-response relationship (Donham et al., 1988; and Reynolds et
al., 1996). Disinfection of buildings or compartments is done when the area is emptied
prior to getting ready for the next group of animals. Disinfection procedures which take
more than ten minutes are significantly associated with decreased lung function (Preller
et al., 1995). This result was not attributable to the type of disinfectant or procedures,
quantities of disinfectant used in a year, or differences in the exposures to dust,
endotoxins, or ammonia. It was hypothesized that there may be an association with the
level of ambient exposure concentration (Preller et al., 1995).

Respiratory symptoms reported by workers are associated with pig handling, such as
weighing, ear tagging, teeth cutting and injections; barn work in general; and the milling
and mixing of feed (Crook et al., 1991; Holness et al., 1987; and Preller et al., 1995).
Workers experience exposure of greater duration in pig handling activities and feeding as
they spend a greater amount of time doing these activities (Preller et al., 1995). Preller et
al. found that workers spend more time in farrowing buildings (Preller et al., 1995).
Smokers consistently report respiratory symptoms more frequently than non-smokers
(Donham et al., 1988; and Donham et al., 1995) and show greater decrements in lung
function parameters (Donham et al., 1984a).

NEIGHBORS AND OTHERS
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Airborne gases, dust, odors, and biogenic particles can negatively impact human health.
There are a number of research reports documenting that neighbors of large swine
facilities experience higher incidences of health symptoms than comparable rural
residences near minimal livestock production. Similar studies around other animal
production facilities are limited. Clearly more research is needed to relate emissions from
animal facilities to airborne concentrations and the health effects on individuals living
near animal production facilities.

In terms of air-borne toxicants, the following groups exhibit heightened susceptibility:

n people with pre-existing lung or heart disease

n children (who are generally more likely to develop allergies than adults, and therefore
may have more problems with asthma, hay fever, and rashes.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Airborne Contaminants

Airborne contaminants can vary by animal species, system type, and management.  For
detailed information on these variations, see “Variation by Species, Operation, System
Type, Management, Geography, and Concentration” under each airborne contaminant
above.

Monitoring Techniques, Modeling Approaches, and Standards: Airborne
Contaminants

Some of the airborne contaminants have standards that have been suggested.  For more
information, refer to “Monitoring Techniques, Modeling Approaches, and Standards” for
each airborne contaminant above.

Prevention and Mitigation Measures: Airborne Contaminants

Prevention of respiratory health problems requires decreasing environmental hazards and
increasing employee awareness of the hazards. Engineering and management practices
are directed at decreasing the levels of gases, dust and bioaerosols in the air, either by
decreasing their production or removing them once they are in the air. These include:

n Lower animal stocking densities to reduce airborne dust and bioaerosols (Feddes and
Barber, 1995; and Donham et al., 1995)

n Feeding systems enclosed as much as possible to decrease the amount of dust
discharged into the building (Feddes and Barber, 1995; and Donham et al., 1995)

n Delivery of feed into covered feeders rather than dropping it to the floor (Feddes and
Barber, 1995; and Donham et al., 1995)

n Feeders designed to allow animals easy access to the feed (Feddes and Barber, 1995;
and Donham et al., 1995)
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n Ventilation systems to exhaust toxic gases from the building and manure pits, including
a warning system in the case of failure (Feddes and Barber, 1995; and Donham et al.,
1995)

n Heating units kept clean, vented and functioning properly; and systematic washing
inside buildings with power sprayers to reduce the amount of dried materials which
create airborne dust, microorganisms and gases (Feddes and Barber, 1995; and Donham
et al., 1995)

n Oil sprinkled in barn to reduce dust, endotoxin, ammonia, and hydrogen sulfide levels
(Zhang et al., 1998; and Senthilselvan et al., 1997b)

n Use of pelleted feed rather than dry mash to lower dust creation (Feddes and Barber,
1995; and Donham et al., 1995)

n Provide approved dust masks, or other respiratory protective equipment for employees
to be used during tasks where elevated exposures may occur, such as feeding and animal
handling (Feddes and Barber, 1995; and Donham et al., 1995; and Bono et al., 1998)

Educational methods for prevention of respiratory health problems are directed at
increasing the employees awareness of the hazards they face in this environment and
encouraging employees to practice protective behaviors. Included is education on the
specific risks, potential health problems, symptoms which may develop and methods of
protection. A prevention program based on education and industrial hygiene consultation
has shown to be effective in improving producer knowledge of health and safety risks,
and shifting attitudes towards protecting themselves and their employees (Gjerde et al.,
1991). In a study by Gjerde et al. producers received six home-study modules and were
invited to participate in evening sessions on respirator use and gas measurement (Gjerde
et al., 1991). The intervention was effective in increasing knowledge, changing attitudes,
and motivating workers to have building heaters inspected and serviced, wear a respirator
when working, and to measure some gas levels.

Employees should also be instructed to avoid being in the confinement unit during
feeding and to use respiratory protective equipment (RPE) unless they can be assured the
concentrations of air contaminants are below recommended limits (Feddes and Barber,
1995; and Donham, 1995). In high concentrations of dust or gases, a half-mask cartridge
respirator or air helmet may be needed (Donham, 1995).

Some studies reported that swine confinement workers wore respirators more frequently
when compared to non-confinement workers, with those who spent more time feeding
and grinding feed wearing RPE more often (Donham et al., 1984a; and Holness and
Nethercott, 1995b). A Minnesota survey, however, found that 51% of farmers working
with grain use RPE always or most of the time and only 18% of those working in
confinement barns and 1% of those working in manure pits reported using RPE (Lexan et
al., 1994). This survey also found 47% of those working in confinement barns and 94%
of those working in manure pits reported never using RPE.
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Studies have shown that employees will use RPE for different reasons, some using RPE
for prevention of symptoms, others using RPE after having experienced respiratory
symptoms (Holness and Nethercott, 1995b; and Zejda et al., 1993). Those using RPE for
prevention had significantly fewer respiratory symptoms and better lung function when
compared to those using RPE for current symptoms or for non-users (Zejda et al., 1993).

For further information on mitigation and emission control technologies for airborne
contaminants, see the Air Quality and Odor report, GEIS topic III.H., question 4.

Conclusions:

n Substantial scientific literature exists that human health is adversely affected by the
transmission of a number of toxic and noxious agents via the air.

n Large animal production units are a source of air transmission of toxic and noxious
agents, such as gases, dust, odors, and biogenic particles.

n Confinement housing systems are associated with human health being adversely
affected by air-transmission of toxic and noxious agents.

QUESTION 2.C. - TRANSMISSION OF DISEASE AND SICKNESS VIA WATER,
SOIL, AND FLIES FROM MANURE, DEAD ANIMAL CARCASSES, AND OTHER

ANIMAL WASTES

WATER- AND SOIL-BORNE PATHOGENS

Issues of Concern:

Water may be a vehicle for transmission of bacteria and viruses of human and animal
origin to both humans and animals. Most studies on waterborne transmission of disease
are primarily concerned with water contamination with human viruses.  However, under
certain conditions, water contaminated with animal viruses may pose a hazard to not only
animals but also humans (Kalter, 1986).

Human Health Effects: Water- and Soil-borne Pathogens

Animal manure may contain bacteria, protozoa, and viruses which can cause disease in
humans.  These include Salmonella sp., Escherichia coli, Leptospira interrogans, Listeria
monocytogenes, Campylobacter jejuni, Histoplasma capsulatum, Cryptosporidium
parvum, Giardia lamblia, and viruses such as adenovirus, enteroviruses, reoviruses, and
rotaviruses.  Information about the specific human health effects of these pathogens is
contained in this report in question 2.d., Transmission of Disease and Sickness through
Consumption of Animal Products.

These pathogens may be transmitted to humans through contaminated surface drinking
water supplies, contaminated ground water supplies, or direct contact with contaminated
environment e.g., recreational use of water.
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Some incidents of human disease attributable to contact with livestock waste have been
reported. Stanley et al. (1998) isolated Campylobacter jejuni from groundwater in the
Arnside area of Cambria.  Some of the strains isolated were of the same biotype as the
ones from a dairy farm situated within the hydrological catchment of the polluted spring
indicating that the groundwater was a vehicle for bacterial transmission. In a study of a
farmworker community in Zimbabwe, Campylobacter spp. were common in chicken
feces but not in houseflies or household stored drinking water (Simango and Rukure,
1991) indicating that chickens were the main potential source of Campylobacter in the
homes of farmworkers.

In a longitudinal study of four dairy farms, it was suggested that E. coli O157:H7 was
disseminated from a common source on these farms and that this strain could persist in
the herd for up to 2 years (Shere et al., 1998). In a Russian study, Gordeiko and
Pushkareva (1990) detected Yersinia in 25.4% of water samples taken from wells situated
in the zone of irrigation with sewage water from a swine-breeding complex.  Conversely,
no Yersinia was isolated from wells that were remote from the irrigation zone. They also
established an epidemiological relationship between a case of Yersinia infection and the
use of infected well water.

Prokopcakova and Pospisil (1984) conducted serological surveys for leptospirosis in
rodents, cattle and humans in the vicinity of two large water reservoirs in Eastern
Slovakia. Sera from 243 rodents, 168 cattle, and 876 humans were examined; 8.2%,
7.7%, and 3.2%, respectively were positive.  The presence of antibodies to the same
Leptospira serovar in humans, cattle and rodents indicated the existence of close contact
among humans and animals with the possibility of acquiring  water-borne infection in
recreation zones. An epidemic of hemorrhagic fever caused by Leptospira was reported
in rural Nicaragua following heavy flooding.  A case-control  study revealed that the
illness was associated with walking in creeks, having household rodents, or owning dogs
with titers of >1:400 to Leptospira. Leptospira spp. were isolated from case-patients and
from potential animal reservoirs. Most likely, this epidemic resulted from exposure to
flood waters contaminated with urine from infected animals, particularly dogs.

Five boys from a small town in rural Illinois developed leptospirosis after swimming in a
small pond. Leptospira interrogans serovar grippotyphosa was isolated from urine of 2
cases and from pond water. A high seroprevalence for L. grippotyphosa was also found in
animals near the pond indirectly suggesting the transmission of the organism from area
animals to humans.

Rhodococcus coprophilus and associated actinomycetes were isolated consistently from
feces of farm animals, poultry reared in proximity to farm animals and wastewater
polluted with animal fecal wastes but not from samples of  human feces. The fecal
coliform to fecal streptococci ratio could not distinguish between human and animal fecal
samples but R. coprophilus to Actinomyces ratio could (Mara  and Oragui, 1981).
Introduction of organic farming practices on a farm in south-west England was
responsible for the introduction of environmental mycobacteria on that farm.  The change
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in the profile of environmental mycobacteria has important implications for the
immunological priming of humans and animals (Donoghue et al., 1997).

A marked peak in human cases of cryptosporidiosis was noticed in the Sheffield  area in
1986. Epidemiological investigations suggested a waterborne outbreak of
cryptosporidiosis, the possible source of which was cattle on a farm adjacent to the
reservoir complex (Rush  et al., 1990). In another study, 249 surface water samples were
tested for parasites in 2 adjacent British Columbia, Canada, watersheds: the Black
Mountain Irrigation District (BMID) and the Vernon Irrigation District (VID) both of
which serve rural agricultural communities active in cattle ranching. Giardia cysts were
not detected in the raw water samples collected from lake sources at the headwaters of
both watersheds but were found in 100% and 97% of water samples at BMID and VID
intakes, respectively. Significantly higher levels (P < 0.05) of Giardia cysts were found at
the BMID intake than at the VID intake probably because cattle have access to creeks in
the BMID watershed, whereas access is restricted in the VID watershed. Peak
concentrations of both parasites coincided with calving activity. Fecal samples from
cattle were positive in both watersheds: 10% in the BMID and 50% in the VID
watersheds. No fecal sample was positive for Cryptosporidium. Thus, the differences in
patterns of parasite contamination and cattle management practices may contribute to the
unique watershed characteristics although they may be topographically similar and
geographically adjacent (Ong et al., 1996).

Bates et al (1994) isolated vancomycin-resistant Enterococcus faecium (VRE) from raw
sewage, farm animals and uncooked chickens. Two ribotyping patterns were found
among isolates from animals and sewage and those from clinical sources. A blood and a
urine isolate from separate hospital patients and porcine isolates shared the same
ribotyping pattern and a stool isolate from a patient in the community and sewage isolates
shared another pattern. This led them to suggest that animals might serve as a reservoir of
VRE. We would like to suggest that humans may also serve as the source of organisms
for animals.

Table 2 shows the relative risks of bacterial diseases that can be transmitted between
humans and animal via water.

Table 2.  Relative risks of bacterial transmission between humans and animals via water.
Bacteria Disease Level of risk
Clostridium tetani
Brucella melitensis
Bacillus antracis
Erysipelas rhusiopathiae
Leptospira spp.
Yersinia enterocolitica
Salmonella spp.
Mycobacterium tuberculosis
Atypical mycobacteria
Escherichia coli
Campylobacter jejuni
Listeria monocytogenes

Tetanus
Brucellosis
Anthrax
Erysipelosis
Leptospirosis
Yersiniosis
Salmonellosis
Tuberculosis
Mycobacterial infections
Colibacillosis
Campylobacteriosis
Listeriosis

Low Risk
Low Risk
Low Risk
Low Risk
Medium Risk
High Risk
High Risk
High Risk
High Risk
High Risk
High Risk
High Risk
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Some studies show negligible effects of animal manure on human health.  During routine
examination of bathing areas near North Sea in Germany, Salmonella contamination was
detected for the first time in 1988. To define the source of contamination, strains isolated
from seawater and rivers were studied by molecular marker methods. The plasmid profile
and antibiotic resistance patterns excluded the surrounding cattle industry as a source
(Graeber et al., 1995). The presence of Salmonella in North Sea coastal water did not
correlate with the presence of fecal indicator bacteria (Tobias and Heinemeyer, 1994).
Also, Salmonella from agricultural sources proved to be irrelevant in this study.

Jones et al. (1980) examined 882 samples of settled sewage, sewage sludges and final
effluents  from eight sewage treatment plants. Of these samples, 68% were positive for
Salmonella. Isolation frequencies from settled sewage, raw sludge, and anaerobically
digested sludge were 85%, 87%, and 96%, respectively. Fewer isolations were made
from final effluent (24%) and processed sludges (58%). Samples usually contained less
than 200 salmonellae/100 mL.  They argued that such low concentrations should not lead
to disease in animals if suitable grazing restrictions are followed.

Smeltzer et al.  (1979) spread cattle manure on experimental plots at the rate of  54
tons/ac/yr. The manure was applied to 2 plots at 6-monthly intervals while a further 2
plots  received monthly applications. Samples of manure soil, run-off and groundwaters
were examined for bacteria. Comparison of the bacterial counts from samples from the
test plots to those  of the control plots showed that no change occurred in the levels of
coliforms or faecal coliforms over the 3 years of manure application. One hundred and
fifty-seven isolations of Salmonella were made from the soil and water samples, but only
51 could be attributed to manure. No difference was observed in the effects of different
application frequencies.

Escherichia coli serotype O157:H7 has become a major foodborne pathogen for the
young and the elderly. The association of non-bovine products with outbreaks suggests
that other vehicles of transmission may exist for this pathogen (Feng, 1995). Remote,
supposedly pristine water samples have been found to be contaminated with Giardia cysts
in the Yukon (Roach et al., 1993).

Certain assumptions can be made regarding the transmission of animal viruses through
water:

1. Large numbers of viruses are excreted in infected animal feces.  In fact, enteroviruses
have been found in all animal species that have been extensively studied.  These animal
viruses can gain entrance to streams, lakes and other bodies of water via land application
of animal wastes or by direct contamination from pastures and feedlots.  Constant fecal
contamination of open water in pastures and washings of pens and closed lots are
important in this respect.  Wastes from abattoirs and dairy operations may also be
important (Malherbe et al., 1967).

2. If virus-contaminated water becomes immediately accessible to susceptible individuals
(which may be humans or other animals), viruses may induce active infections.
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3. It should be realized that this problem may not exist in areas where treatment of water
supplies in adequate.  However, a vast majority of Earth’s population is dependent upon
water supply of unknown purity.  In many parts of the world, humans and other animals
use the same water holes and streams as primary source of water.

4. It has also been known that certain viruses produce a benign disease in their natural
hosts but may cause cancer or be even fatal in other animal species. For example,
adenoviruses of monkeys and mice are considered oncogenic in hamsters. Similarly,
pseudorabies, a herpesvirus of pigs, produces mild disease in adult pigs but is fatal in
cattle, dogs, and rabbits.

5. Any virus excreted in feces and urine is potentially capable of being a waterborne
disease and farm animals are known to excrete a variety of viruses in their feces.  Many
of these agents are pathogenic in farm livestock and some may also be transmissible to
humans. In one study, Grew et al. (1970) was able to detect animal viruses in rural farm
families in Costa Rica.  Derbyshire (1976) isolated animal enteroviruses from soil,
surface run-off and surface water on farms in Ontario where liquid pig manure was
routinely used on land.  And, these viruses were isolated as long as 8 days after the
manure was spread.

6. To establish virus-contaminated water as a significant link in the epidemiology of
animal virus disease, it is necessary to study the factors affecting virus survival in water
under natural conditions. Few studies are available that have addressed these issues.
Derbyshire (1976) compared several techniques for the concentration of porcine
enteroviruses from water and liquid manure. Using some of these techniques, he isolated
animal viruses from 17 of 22 samples of swine fattening house and from one of 6 sow
farrowing houses.

An extensive discussion of pathogens in animal manure and the potential human health
risks can be found in the Water report, GEIS topic III. G., question 4.

Variation by Segment of the Population: Water- and Soil-borne Pathogens

It has been estimated that by the year 2010 (barely a decade from now) approximately
20% of the human population will be classified as particularly “vulnerable” to health
effects of pathogens and chemical pollutants.  “Vulnerable” segments of the population
will include infants and the elderly, and all those people whose immune systems are
compromised.  The latter group includes persons undergoing cancer therapy; organ
transplant patients (who must remain on anti-rejection medications); as well as those who
have the human immunodeficiency virus (HIV), which causes AIDS (acquired
immunodeficiency syndrome).  This is a serious and sobering prediction.  It means that
one in every five persons will be particularly vulnerable; that at least one person in most
families will have a particular vulnerability to potential health hazards.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Water- and Soil-borne Pathogens
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A discussion of the variation of water-borne contaminants by species, system type,
geography and concentration can be found in the Water report, GEIS topic III. G.,
question 6.

Monitoring Techniques, Modeling Approaches, and Standards: Water- and Soil-
borne Pathogens

A discussion of regulations, monitoring, and standards for water-borne pathogens can be
found in the Water report, GEIS topic III. G., question 4.

Prevention and Mitigation Measures: Water- and Soil-borne Pathogens

Information on preventing water pollution such as water-borne pathogens is presented in
the Water report, GEIS topic III. G., question 7.

NUTRIENTS TRANSMITTED THROUGH WATER AND SOIL

Human Health Effects: Water- and Soil-borne Nutrients

Nitrate is a common contaminant found in many wells in Minnesota.  Nitrate represents a
health risk to infants under the age of six months, because it can cause an acute and
potentially fatal condition called methemoglobinemia.  (This is the so-called blue baby
syndrome because the oxygen in an infants system is removed from the blood in a
biochemical reaction involving the nitrate; thus they appear to be suffocating.) Some
researchers have even suggested that nitrate may also play a role in the development of
some cancers.  However, several studies involving nitrate and cancer over the past two
decades have ended with ambiguous results.  Therefore, we must conclude at this time
that, to the best of our knowledge, there is no clear evidence that nitrate ingestion results
in an increased cancer risk.  Obviously, more work needs to be done to provide a
definitive answer to whether there is any relationship of nitrate to cancer.

An extensive discussion of nutrients transmitted through water and the associated human
health risks can be found in the Water report, GEIS topic III. G., question 4.  A
discussion of nutrients in the soil can be found in the Soil report, GEIS topic III. I.
Detailed information on nutrients transmitted through water and soil can also be found in
the Manure and Crop Nutrients report, GEIS topic III. J.

Variation by Segment of the Population: Water- and Soil-borne Nutrients

Infants, and pregnant and nursing mothers are those most affected by nitrates, as
described above.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Water- and Soil-borne Nutrients

A discussion of the variation of water-borne contaminants by species, system type,
geography and concentration can be found in the Water report, GEIS topic III. G.,
question 6.
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Monitoring Techniques, Modeling Approaches, and Standards: Water- and Soil-
borne Nutrients

A discussion of regulations, monitoring, and standards for water-borne nutrients can be
found in the Water report, GEIS topic III. G., question 4.

Prevention and Mitigation Measures: Water- and Soil-borne Nutrients

Information on best management practices and mitigation technologies to prevent against
water pollution such as nutrients can be found in the Water report, GEIS topic III. G.,
question 7.

FLY-BORNE DISEASE

Issues of Concern:

Dead animals, animal wastes, and manure are reservoirs for agents that can be
transmitted to humans via various vectors and cause human disease.  Flies are a common
transmission vehicle or vector, present on or around animal agricultural facilities.  There
is a paucity of data dealing with dead animal carcasses and by-products.  However, a
number of studies have been completed on flies and their potential role in disease
transmission.  A key issue is to quantify the degree to which fly-borne transmission of
pathogens to humans occurs with human illness as a result.

Human Health Effects: Fly-Borne Disease

A variety of microorganisms can cause foodborne illness if consumed in human food.
Among the many causes, three groups of bacteria are particularly prominent in animal
feces, especially those of livestock and poultry. Escherichia coli commonly occurs in the
gastrointestinal tract of many animals and some are pathogenic such as Escherichia coli
O157:H7, as well as Salmonella spp. and Campylobacter jejuni that occur in poultry. For
a case of enteric disease to occur, any of these potentially pathogenic bacteria must be
transmitted or vectored from a reservoir somewhere in the environment to human food. It
is well established that many different fecal-oral transmission routes are possible; notable
ones involve food handlers, some eggshells, and steps in the slaughtering and packaging
processes. Transmission by those routes is reviewed in question 2.d. of this report,
Transmission of Disease and Sickness through Consumption of Animal Products.

This section summarizes what is known about mechanical transmission by the kinds of
flies that inhabit filthy habitats.  This topic was recently reviewed by Olsen (1998).
Interested readers should consult that source for additional details.  This is a key
reference and will be provided.  Important flies are house flies, Musca domestica, and
blow flies (family Calliphoridae).  House flies breed in moist organic matter, including
manure, soiled animal bedding and spoiled animal feeds around confined hogs, cattle,
horses, and poultry.  Blow flies breed in media that are richer in nitrogen, such as dead
animal carcasses, improperly disposed slaughter wastes, and egg enriched poultry manure
(for more information see the Air Quality and Odor report, GEIS Topic III.H.).  A central
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question is whether animal agriculture affects the risk of fly-borne outbreaks of enteric
diseases, and how that risk might vary with different animal species, housing styles,
animal densities and farm sizes.

EVIDENCE INCRIMINATING FLIES AS MECHANICAL VECTORS

Three approaches have been used to study fly-borne transmission of enteric pathogens.
The first and oldest approach is epidemiological, where evidence was sought to associate
observed outbreaks of disease with flies.  Second, intervention studies have sought to
demonstrate importance of flies by experimentally controlling flies and observing a
reduction in the incidence of disease.  Finally, laboratory studies have considered
components of the transmission process: Can a chosen fly acquire a pathogen by walking
or feeding on a contaminated substrate?  Can the acquired pathogen remain viable on or
in the fly?  Can the contaminated fly effectively inoculate a clean substrate with the
retained pathogens?  All three of these events must occur if transmission is to occur.

EPIDEMIOLOGICAL STUDIES

Older literature. Greenberg (1973) reviewed much of the epidemiological evidence that
incriminates flies as mechanical vectors.  While many studies have been reported from
urban public health or military contexts, seven studies have been concerned directly with
pathogens and flies associated with domesticated animals.  Salmonella typhimurium was
isolated from the bodies of trapped house flies, as well as ill turkeys, snakes and cats on
the same premises in the southeastern US (McNeil and Hinshaw 1944).  Similarly, S.
choleraesius was isolated from captured house flies associated with pigs in Russia
(Ostashev 1956), S. carrau and S. typhimurium were isolated from house flies around
pigs in Uruguay (Hormaeche et al. 1944), and 12 types of Salmonella were isolated from
house flies and blow flies around a Mexican slaughterhouse (Greenberg and Bornstein
1963).

More recently, Berndtson et al. (1996) isolated Campylobacter from flies netted in
anterooms of barns containing positive broiler flocks in Sweden.  Urban and Broce
(1998) isolated Salmonella and three other kinds of bacteria from 43% of house flies and
blow flies netted around dog kennels in Kansas, where meat from a neighboring
rendering plant was the main food for the dogs.  And most recently, Iwasa et al. (1999)
isolated the enterotoxic E. coli O157:H7 from 1.6% of house flies netted directly from
cattle manure piles at 1 of 4 dairy farms in Hokkaido, Japan.  Collectively, these studies
demonstrate that varying percentages of flies netted around animals and their manures
can harbor isolatable loads of potentially pathogenic bacteria.  These studies do not,
however, demonstrate unambiguously that the contaminated flies were numerically
important in the epidemiology of human disease, either at the subject premises or in the
surrounding landscape.

Work in progress. There are two ongoing studies of flies and foodborne illness around
large caged-layer facilities in Ohio and Minnesota.  The Ohio Department of Health
(ODH) has been studying house fly abundance and foodborne illness around a 2.5 million
bird caged-layer facility in Hardin county (Winpisinger-Slay and Berry 1998,
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Winpisinger-Slay and Berry 1999).  In 1997, fly traps placed at increasing distances from
the facility indicated that house fly densities diminished exponentially with distance from
the subject facility.  Fly densities were greatest on site, but densities declined to less than
10% a mile or more in all directions.

To see if the flies at the facility were contaminated with Salmonella sp. or Campylobacter
sp., staff of ODH netted flies from manure in the facility’s barns.  Flies were also netted
from manure at two dairies in neighboring counties, both of which had histories of
infection with S. cerro (Winpisinger-Slay and Berry 1998).  Pathogenic bacteria were
isolated from flies at one of the dairies, but not at the second dairy or at the caged-layer
facility.  The authors concluded that their isolation procedure was capable of detecting
bacteria, but further work would be needed to more fully assess the extent of
contamination in the flies at the subject facility, and at points elsewhere in the
surrounding landscape.

A second aspect of the same project in Ohio examined the hypothesis that incidence of
diarrheal disease was greater among people living near the caged-layer facility in Hardin
County than living elsewhere in the state.  The authors did not describe other possible
sources of flies in any of the counties.  Incidence of physician diagnosed Salmonella and
Campylobacter infections in 1998 were 6.6 and 9.6 cases, respectively,  per 100,000
people in the county.  In contrast, there were 13.8 and 9.8 cases, respectively, statewide.
Thus, case rates in the same county as the subject facility were actually lower than in the
state overall.  Active surveillance among residents at specified distances from identified
fly and pathogen sources will be required before an association between disease and
animal confinement facilities can be more critically assessed.

Minnesota’s Department of Health (MDH) has taken a different approach to a similar
problem (Anonymous, 1999).  In response to community complaints around a 2-million
bird facility in the center of Renville County, a telephone survey of 100 randomly chosen
households in the county was conducted in late 1998.  Callers asked how many people in
the household had diarrhea in the preceding 5 months, when fly-borne transmission
would have been most likely.  If diarrhea was reported, follow-up questions were asked
about symptom history, medication and other possible exposures.  Residents were also
asked to rate peak fly abundance during the same 5-month period, using a 0-10 point
subjective scale.  The report did not consider other possible sources of flies in the survey
area.  Nevertheless, analysis revealed no associations among incidence of diarrhea,
perceived fly abundance, and distance from the subject facility.

As was done in Ohio, case rates of physician diagnosed Salmonella and Campylobacter
infections in Minnesota in 1996 and 1997 were analyzed to see if case rates (per 100,000
people) were greater near the subject facility. The rate in Renville County was 8.5
casesΧactually lower than in 3 of 4 neighboring counties. Interestingly, the annual rate in
the five Minnesota counties was 14.8, approximately half of Ohio’s statewide rate of
23.6. In summary, MDH’s telephone survey and analysis of case reports both failed to
detect an association of diarrheal disease (and putative fly-borne transmission) with the
subject caged-layer facility.
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INTERVENTION STUDIES

No studies of this kind have involved animal agriculture directly, but a classic experiment
was conducted in Hidalgo County in southern Texas in the late 1940s (Watt and Lindsay
1948).  The study assessed the value of community-wide fly control in a high morbidity
area for reducing acute diarrheal disease, specifically salmonellosis and shigellosis.  The
latter disease is caused by Shigella spp, a group of bacteria that occur exclusively in the
gut and feces of humans and other primatesΧbut not domesticated animals.

Intervention consisted of intensive spraying with DDT in five towns; another four towns
were left untreated for reference. After 20 months, treatment in the first group of towns
was discontinued, and treatment in the second group was initiated for another three
months. Surveyors canvassed all nine towns to assess the incidence of diarrhea and
dysentery, collected stool samples, took rectal swabs from children under 10 yr. of age,
and examined the county’s mortality records to assess death rates from enteric disease.
Fly control substantially reduced abundance of house flies and other species, reduced
frequency of Shigella isolates, and reduced infant mortality attributed to diarrhea. Isolates
of Salmonella were less affected by fly control, indicating flies were more important in
the spread of Shigella than of Salmonella.

The authors concluded, “a significant reduction in the amount of infection, disease and
death resulted from the degree of control established.” They further cautioned, however,
that, “something more basic [than community-wide insecticidal control], particularly the
elimination of man-made breeding places, must be done if the full effect of fly control on
disease is to be brought about.”

A more recent study evaluated the value of fly control around isolated military training
camps in the desert of Israel (Cohen et al. 1991). The study involved two camps with
chronic histories of diarrhea among trainees. In a prospective crossover design, workers
instated intensive use of traps and insecticidal fly baits for 11 weeks to control latrine
breeding house flies at one camp, and then switched fly control to the second camp. The
same routine was repeated, but with camp order reversed in a second year. Fly counts in
the camps’ mess tents were 64% lower when the camps were being treated.
Concomitantly, clinic visits dropped by 42%, diagnosed cases of shigellosis dropped by
85%, and seroconversions to Shigella and to enterotoxic E. coli dropped by 76% and
57%, respectively. As in the Texas study, reductions of fly abundance by more than half
caused concurrent declines in transmission of enteric pathogens among the trainees,
presumably by reducing spread of the bacteria from latrines to food in the camps’ mess
tents.

These two intervention studies (among many other less rigorous studies reviewed in
Greenberg [1973]) demonstrate that reductions in abundance of house flies and
presumably other kinds of filth flies caused a reduction in the spread of enteric
pathogens. It follows, therefore, that increases in fly abundance could increase spread of
disease, provided a reservoir of the pathogen is available, susceptible human populations
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are effectively exposed to the flies, and flies are sufficiently abundant and contaminated
to deposit infectious loads of bacteria on human food.

LABORATORY STUDIES OF COMPONENTS OF TRANSMISSION

All the different kinds of filth flies begin life as an egg laid in the species’ breeding
medium. After hatching, the larva feeds on bacteria and other products in the medium,
grows and molts twice before becoming a non-feeding pupa in the same medium.
Between each transition, the insect sheds its old integument (skin) and forms a new one.
Finally the adult fly emerges from the pupa and disperses in the surrounding habitat in
search of water, food and mates. Many experimental studies have considered how
potentially pathogenic bacteria can be acquired and persist on or inside the insect as it
develops through its life cycle. An enormous volume of literature dating back to the early
1900’s exists on this topic, and Greenberg (1973) reviewed much of the early work.

Acquisition. Pathogens in the medium, including E. coli, Salmonella spp. and
Campylobacter spp., contaminate the larva’s external integument and are ingested into its
GI tract. Once ingested, the pathogenic bacteria do not multiply inside the insect; rather,
they are confined to the gut where they are digested or otherwise eliminated by
competition with other non-pathogenic bacteria.  Most interestingly, most gut inhabiting
bacteria are eliminated during the process of molting to the pupa, and the emerging adult
flies are internally and externally sterile.  Sterility is temporary, though, because the new
fly can be quickly contaminated on the outside as it walks over the substrate from which
it emerged.  Contamination probably occurs with all kinds of bacteria that may be present
in the larval medium, whether benign or infectious to animals and humans.

Once the fly becomes mobile and is able to take wing, it can acquire further loads of
bacteria by landing, walking and feeding on new substrates, as demonstrated with
Salmonella typhimurium mice and houseflies in small cages (Ostrolenk and Welch 1942).
Flies are adept at finding droplets containing water, sugar and protein directly on living
animals (including humans) and on surrounding debris such as feces, soiled bedding,
animal food and carcasses.  In the process, feeding flies can acquire bacteria on their
tarsi, on their mouthparts, and in their digestive tracts.  Microbes can also be acquired
from other contaminated flies.  As with contaminants of the larvae, the largest loads of
contaminants of all kinds are probably acquired from feeding substrates.  Fortunately,
none of the bacterial causes of enteric disease in humans effectively replicate in the flies.

Retention. The vast majority of acquired bacteria are eliminated from the outside of the
insect within the first few hours, through grooming, desiccation on the dry integument,
UV radiation in the outdoor environment, and physical dislodgement during flight.  The
most recent study of retention of microbes by house flies (Tan et al. 1997) showed that
particles of a simian rotavirus were eliminated from flies within 1 hour of initial
acquisition, and most were shed during their first flight after acquisition or when the
insects first landed on their next substrate.  As occurs with larvae, bacteria ingested by
adult flies are eliminated through digestion, competition, or passage out the fly’s rectum.
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Retention times in the gut range from hours to daysΧnot much longer than occurs with
inert particles.

Inoculation. The three main routes of inoculation are likely from tarsi onto landing
substrates, from mouthparts onto feeding substrates, and from fly feces to anything in the
fly’s environment. The amount of inoculum is directly proportional to the load of bacteria
present on the fly’s tarsi and mouthparts.  During feeding, house flies and blow flies
expel contents of their crops, which can be laden with up to 108 bacteria.  Similarly,
bacteria in fly feces will be deposited wherever flies spend more than a few seconds.  The
characteristic fly specks that are evidence of fly presence are actually a mixture of fly
vomit and feces, and at time of deposition can contain thousands of bacteria.  The fate of
those bacteria depends on the nature of the substrate.  If dry, they probably die within
hours, with exception of Salmonella that are long lived in dry environments.  If the
bacteria are inoculated into a human food that supports bacterial growth and
multiplication, then the inoculum left by a fly could multiply many times before being
ingested by humans.

Variation by Segment of the Population: Fly-Borne Disease

Risk is obviously greatest around human habitations where feces, flies and food are all in
close proximity. The segments of the population most vulnerable to fly-borne disease
would be the same as for food-borne disease, namely children, pregnant women, the
elderly, and other immuno-compromised people as described in Question 2.d. of this
report, Transmission of Disease and Sickness through Consumption of Animal Products.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Fly-Borne Disease

A central question is whether animal agriculture affects the risk of fly-borne outbreaks of
enteric diseases, and how that risk might vary with different animal species, housing
styles, animal densities and farm sizes.  Information on fly populations by species and
facility type can be found in the Air Quality and Odor report, GEIS topic III. H.,
questions 1 and 3 (insects).

Monitoring and Modeling Techniques, Validation and Evaluation: Fly-Borne
Disease

A variety of methods involving traps and spot cards are used by entomological
researchers, integrated pest management consultants, and public health officials to assess
the density (per unit area) of flies in a given environment.  Those methods were reviewed
in the Air Quality and Odor report, GEIS Topic III. H.  However, none of the available
methods is practical for assessing rates of fly contamination with specific pathogenic
bacteria.  Isolations reported above were done in the context of specific studies, and it
does not appear that pathogen monitoring is done routinely anywhere.  A computer model
for house fly populations has been developed (Wilhoit et al., 1991), but it is not suitable
in present form to monitor or predict the vector potential of flies associated with animal
agriculture (or any other human enterprise).
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Prevention and Mitigation Measures: Fly-Borne Disease

It is prudent that managers of animal facilities of all kinds and sizes work vigilantly to
minimize fly production on their premises.

Knowledge Gaps and Researchable Topics: Fly-Borne Disease

The evidence reviewed previously (and much more omitted for sake of brevity) has led to
the basic tenet in public health that filth fly populations pose an unacceptable risk for
transmission of enteric diseases.  Risk is obviously greatest around human habitations
where feces, flies and food are all in close proximity.  Risk becomes progressively lower
where feces and flies become increasingly unavailable.

It remains to be demonstrated that fly populations emanating from agricultural sources
such as manure, carcasses or other organic debris at livestock or poultry facilities are or
could contribute materially to the incidence of enteric disease in populations of workers
at those facilities, or in residents in neighboring communities.  As progressively larger
animal agriculture enterprises have emerged in the Upper Midwest, a corresponding
increase in human disease has yet to be identified.  Rather, outbreaks of foodborne illness
that have achieved notoriety have been traced to direct routes of transmission from farms
to humans through the chain of food processing and distribution. Nonetheless, it is
prudent that managers of animal facilities of all kinds and sizes work vigilantly to
minimize fly production on their premises.

Evidence in the published literature and reports of ongoing studies indicate that in some
circumstances, isolatable loads of potentially pathogenic bacteria can occur on filth flies
netted directly from animals or their manure.  However, it is not clear that contamination
rates on flies would be the same among flies that have dispersed epidemiologically
significant distances from such sources.  This issue will require much more effort than
has been invested to date.  Similarly, analysis of reported case rates by county, as has
been done in Ohio and Minnesota, may be at a spatial scale that is too aggregated to
detect elevated case rates within a mile or two of putative animal reservoirs on the
landscape.  Active surveillance among households at known distances from presumed
reservoirs will be required, but given the overall low rate of cases in general, it will be
difficult and expensive to detect a spatial pattern, if one exists at all.

n Conclusions:

n Pathogens may be transmitted to humans from animal wastes through contaminated
surface drinking water supplies, contaminated ground water supplies, or direct contact
with contaminated environment e.g., recreational use of water.

n Some incidents of human disease attributable to contact with livestock waste have been
reported.

n Water-borne nitrate represents a health risk to infants under the age of six months,
because it can cause an acute and potentially fatal condition called methemoglobinemia.
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n Flies carry a wide variety of human pathogens.

n More research is needed to determine the extent to which fly-borne microorganisms are
transmitted to humans and cause illness.

QUESTION 2.D. - TRANSMISSION OF DISEASE AND SICKNESS THROUGH

CONSUMPTION OF ANIMAL PRODUCTS.

Issues of concern:

There are three main issues of concern in terms of foodborne disease caused by animal
products.  A key issue is how to reduce the number of pathogens routinely found on
animal products and subsequently the prevalence of foodborne disease in Minnesota.  A
second issue is how can such a reduction be accomplished in an economically feasible
manner: improvements in health of animals on the farm, irradiation of products and pre-
cooking or pasteurization of products.  A third issue is how do different systems of
agriculture impact the level of contamination by pathogenic microorganisms?

This area of research is one of the most thoroughly studied areas in the entire human
health document.   Nevertheless, gaps in knowledge remain, if for no other reason then
the organisms can mutate and develop resistance to antimicrobials, as discussed in
question 2.e. of this report.   Therefore, in this section, a detailed review of human
pathogens transmitted by food is presented.  Animal products represent important, but not
the only, vectors for these pathogens.  Much (though not all) of the transmission through
other vectors can also be traced back to animal agriculture, however, either through
contamination of other food by contact with the contaminated animal food, food-handling
person-to-person transmission after infection from animal food, or through manure (e.g.,
Ackers 1998).

HUMAN HEALTH EFFECTS: FOOD-BORNE DISEASE

Salmonella

Salmonella are facultative anaerobic gram-negative bacteria. They are members of the
family Enterobacteriaceae, and included are many pathogenic species like S.
typhimurium, S. enteriditis, S. pullorum, S. dublin, S. gallinarum, S. indiana, S. javiana,
and S. arizonae (D'Aoust, 1997). Infection by Salmonella can cause enteric (typhoid)
fever, uncomplicated enterocolitis and systemic infections.  Enteric fever is characterized
by diarrhea, fever, abdominal pain, and headache.  In many cases, the silent persistence
of Salmonella in the gastrointestinal tract can lead to chronic conditions such as reactive
arthritis or Reiter’s syndrome. Salmonella is an ubiquitous organism in nature (Varnam
and Evans, 1991) and can be isolated from multiple sources, including animals and
animal products.

Human Incidence
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Salmonella is the human foodborne pathogen with the greatest estimated economic
burden of human foodborne disease, and, as the focus of the current HACCP monitoring
program by the USDA-FSIS in slaughter plants (USDA-FSIS, 1999), is a primary target
for on-farm interventions.  This pathogen infects approximately 3 million people and is
responsible for more than 3,000 deaths, every year.   According to the FoodNet
surveillance network, the average incidence of Salmonella infections was 13.9/100,000
population (FoodNet, 1998) The number of reported outbreaks related to food
consumption contaminated by Salmonella can be more than 100 in a single year in the U.
S. (Bean et al., 1998).

Salmonellosis is caused by a variety of plant and animal products, but the majority of
cases are related to the consumption of foods from animal origin.  Outbreaks of
Salmonella enteritis are typically related to the consumption of poultry and egg products,
but pork, beef  and dairy products are also frequently implicated in cases with Salmonella
(D’Aoust, 1997).   One of the largest outbreaks of Salmonella enteritis occurred in
Minnesota in 1994 when a batch of ice cream mix was transported in an unsanitized truck
that had previously been used to transport raw eggs (Hennessy et al., 1996).  In this case
more than 220,000 people were infected.  In humans, the number of isolates of S.
enteriditis increased almost 10-fold from 1976 to 1995 in the U. S. (Hogue et al., 1997b)
and consumption of eggs was the primary risk factor.

Foods of Animal Origin as a Source of Salmonella

A variety of animal species are reservoirs of infection, including cattle, swine, and
poultry. Information from the NAHMS 1996 national dairy study indicates at least 28%
of dairy operations have milk cows shedding Salmonella at any point in time, with about
a 5% milk cow fecal shedding prevalence (Wells et al., 1998).  There is evidence of
clustering of Salmonella on certain dairy operations.

Salmonella enteriditis is endemic in poultry and egg products because this pathogen is a
normal inhabitant of the gastrointestinal and reproductive tracts of fowl species (Suzuki,
1994). This pathogen is able to infect many different organs of chickens and Salmonella
is easily transmitted to forming eggs by the oviduct tissues colonized by this pathogen
(Keller et al., 1995).  Salmonella cells are typically found at the eggshell, but this
bacterium can easily penetrate the egg shell (Miyamoto et al., 1998).

It has been estimated that approximately 1 egg in 10,000 is typically contaminated with
Salmonella (D’Aoust, 1997).  Recent surveys reported that S. enteriditis was detected in
19% of unpasteurized eggs in different regions of the country, with the highest
prevalence in the Northern states with more than 40% of flocks infected (Hogue et al.
1997a).  The flock prevalence was 45% overall, but the prevalence in the Northern region
was as much as 64%.   Most egg-associated Salmonellosis are caused by the consumption
of raw eggs, poorly cooked eggs or mayonnaise made with unpasteurized eggs
(Mackenzie et al.,1998).  Because Salmonella has been detected in more than  35% of
raw chicken (Arumugaswamy et al., 1995), the consumption of undercooked pieces and
cross contamination of other foods can lead to infection.
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Salmonella is also a normal inhabitant of the gastrointestinal tract of pigs (Rajkowski et
al., 1998) and under the current practices the incidence of positive animals is 50-60%
(Berends et al., 1998).   However, a recent study reported no positive samples among 932
carcasses (Miller et al., 1997). In pork products this problem is enhanced by cross
contamination at the processing plant (Berends et al., 1998).   Similarly to chicken
products, the consumption of poorly cooked pork meat poses a great risk.

Vehicles of Transmission

The majority of Salmonella contamination of meat products occurs at slaughter when
intestinal contents contaminate carcasses (Varnam and Evans, 1991).  The current farm
practice of recycling of offal and inedible raw materials into animal feeds has perpetuated
the presence of Salmonella in chicken and pork products  (D’Aoust, 1997; Hapapuro et
al., 1997).   Salmonella can also be transmitted from manure to other products like milk,
fruits and vegetables (Buzby et al., 1996).  Despite the fact that recent reports indicated
that Salmonella can be transmitted  between flocks through air (Gast et al., 1998; Lever
and Williams, 1996) there is no evidence for airborne human infection.  Water
contaminated with manure or soil can also cause Salmonellosis (Angulo et al., 1997;
CDC, 1998).

Methods to Reduce Contamination

Salmonella can be controlled, but not eradicated on dairy operations.  For both host and
non-host adapted serotypes, control measures include simultaneously removing carrier
cows, improving sanitation (reduce environmental burden of cow feces, avoid use of
recycled flush water, contamination of feeds with manure), pest control (birds and
rodents), and by addressing feed-borne Salmonella (Smith et al., 1992).  An approach for
dairy cattle using identification and removal of Salmonella infection sources, and
adoption of quality assurance programs to assure use of this process, seems more
promising than a test and cull approach.

Improvement in sanitary conditions, utilization of HACCP systems, cooking,
pasteurization, and irradiation are effective methods to prevent and reduce the
consumption of contaminated foods, but some technologies have been developed to
control contamination at the farm level.   Vaccination of hens has shown promising
results, but they are not commercially available, yet (Curtiss and Hassan, 1996; Hassan
and Curtiss, 1996; Holt et al., 1996; Zhao et al., 1995).  Nisbet and colleagues developed
a competitive exclusion system by preventing Salmonella colonization using a mixture of
probiotic bacteria (Hume et al., 1998).  This already available commercial method can
reduce the mortality of chicks caused by S. gallinarum (Nisbet et al., 1998).    Use of
chemicals to prevent colonization or to wash poultry carcasses have also been used, with
limited results (Breen et al, 1997; Hwang and Beuchat, 1995; Line, 1998).

CAMPYLOBACTER

The two species of Campylobacter responsible for food borne diseases are C. jejuni and
C. coli, and they are the second predominant etiologic agent of bacterial diarrhea in
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humans (Altekruse et al., 1999).  Campylobacter are gram-negative bacteria that do not
survive well in the environment and do not cause illness in animals (Nachamkin, 1997).
The typical symptoms of campylobacteriosis include watery diarrhea, abdominal pain
and fever (Varnam and Evans, 1991).   Prolonged illness and relapses are observed in
10% of patients (Buzby et al., 1996), extraintestinal infections and sequela can occur in
2%, but death by campylobacteriosis is very unusual (less than 0.05%) (Nachamkin,
1997).

Human Incidence

Campylobacter infects approximately 1.5 million people and costs the American
economy $1 billion per year.  In addition, it is responsible for an average of 6 major
outbreaks per year in the U.S. (Bean et al., 1998; Buzby et al., 1996)
Campylobacteriosis is probably the major cause of foodborne infections not related to
outbreaks and it is estimated that they account for as much as 14% of the total human
diarrheal diseases (FoodNet, 1998). In 1998, the estimated overall incidence of
campylobacteriosis was 19.7cases/100,000 population.   A variety of foods are implicated
in infections by Campylobacter, but most cases of C. jejuni are related to poultry
products and the majority of infections by C. coli can be traced to pork products.
Campylobacter is associated with the development of a secondary complication,
Gaullain-Barré Syndrome.

Incidence in Foods of Animal Origin

A wide variety of wild and domestic animals serve as reservoirs of Campylobacter that
normally colonize their gastrointestinal tract (Angulo, 1997).  The foods that have been
implicated in outbreaks are milk, poultry and red meat (Varnam and Evans, 1991).  A
relatively large number of outbreaks are water-borne, because this pathogen has the
ability to survive in water in an infectious state (Nachamkin, 1997).  In poultry products,
the incidence of detection in carcasses increases during the summer months (Willis and
Murray, 1997) and this incidence is linked to the seasonality of human infections (Bean
et al., 1998).  More than 40% of poultry products can be contaminated with
Campylobacter  (Atabay and Corry, 1997) and in recent years the proportion of strains
resistant to quinolone antibiotics has significantly increased (Atanassova and Ring, 1998;
Bowler et al., 1996).  From a subset of the NAHMS 1996 national dairy study herds
tested using a PCR test, 100% of herds tested had positive cows with an individual milk
cow prevalence of 43%.   Campylobacter is considered an emerging foodborne pathogen
(Altekruse, 1999).  Whether this “emergence” is linked to modern husbandry practices or
is due to the improvement in detection methods, remains to be elucidated.

Vehicles of Transmission

Similar to Salmonella, Campylobacter contaminates foods by exposure to intestinal
contents or manure (Nachamkin, 1997).  Fruits and vegetables have also been cause of
infection by contact with manure (Buzby et al., 1996).  Water is an important vehicle for
campylobacteriosis because this pathogen can remain dormant in a non-culturable state
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(Altekruse et al., 1998).  Despite the fact that Campylobacter appears to be widespread in
birds, the number of cases related to egg consumption is very low (Bean et al., 1998).

Methods to Reduce Contamination

The measures currently tested to reduce the incidence of Campylobacter in poultry
products are directed to improve sanitary and farm practices and to increase the resistance
to colonization (Buiker and Urlings, 1991).  Competitive exclusion is a potential solution
but it is still in the experimental stage (Stern and Meinersmann, 1989).  As for
Salmonella, irradiation is a potential solution to treat unprocessed meats (Thayer, 1995).
Ecology of C. jejuni on-farm has not been well studied, though would be expected to
relate to fecal hygiene.  Effectiveness of on-farm control measures has not been shown.

ESCHERICHIA COLI O157:H7

Escherichia coli is a facultative anaerobic bacterium that is normally found in the
mammalian gastrointestinal tract.  E. coli was considered an innocuous communal
organism, but in recent years many strains capable of developing infection have been
isolated (Nataro and Kaper, 1998).  Most pathogenic E. coli cause diarrhea and some
infect the urinary tract.  Enteropathogenic E. coli (EPEC) is responsible for infantile
enteritis and enterotoxigenic E. coli (ETEC) is the cause of “travelers’ diarrhea.”
Enterohemorrhagic E. coli (EHEC) strains are the major etiologic agent of hemorrhagic
colitis and E. coli O157:H7 has been linked to numerous outbreaks.

The typical symptoms of infection by O157:H7 are abdominal cramps, bloody diarrhea
and, rarely, vomiting (Su and Brandt, 1995).  These symptoms normally develop within 2
to 8 days and 6% of patients develop two serious complications:  hemolytic uremic
syndrome (HUS) in children and Thrombocytopenic Thrombotic Purpura (TTP) in the
elderly.  The case fatality rate is 0.06% of infected individuals.

Human Incidence

Isolation of Escherichia coli O157:H7 from human patients has been reported in more
than 20 countries, but incidence of hemorrhagic colitis and HUS caused by this bacteria
is highly variable (O’Brian and Kaper, 1998).   The United States, United Kingdom and
Canada have the highest infection rates with more than 6 cases per 100,000 people (Mead
and Griffin, 1998).  In continental Europe some outbreaks have been described, but
overall public health hazard remains relatively low.  O157:H7 has also been detected in
Australia, but the major cause of hemorrhagic colitis outbreaks is another EHEC strain,
O111:H-.  Among developing countries, Argentina appears to have the highest incidence
of HUS in the world.   The low incidence of EHEC infections in less developed countries
might be due to the gain of immunological protection against EPEC infections during
childhood, diagnostic limitations and dietary factors.

According to recent epidemiological estimates, E. coli O157:H7 causes approximately
40,000 infections and 250 deaths in the United States each year (Buzby et al. 1996).
During the 1980’s, the incidence of reported outbreaks was less than 5 per year, but the
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number of outbreaks increased after 1993 to more than 20 every year.  In the past decade,
infections caused by E. coli accounted for less than 0.5% of total foodborne illnesses
(Bean et al., 1998), but new figures suggest that E. coli O157:H7 incidence is only
surpassed by Campylobacter and Salmonella infections in some states (FoodNet, 1998).
Between 1982 and 1996, a total of 139 outbreaks were distributed among 36 states, but
they were concentrated among Minnesota, Washington, Oregon and New York with 17,
14, 12 and 12 outbreaks, respectively (USDA/APHIS, 1997).  Recent data from the
FoodNet confirmed that Minnesota has one of the highest incidence rates of the country
(6 cases/100,000 population).  Although the rates are not as high as Campylobacter and
Salmonella infections, E. coli O157:H7 incidence is economically significant due to
illness, hospitalization, and case fatalities.

Incidence in Foods of Animal Origin

The incidence of E. coli O157:H7 in foods seems to be highly dependent on the
sensitivity of the detection method employed.  Several surveys of beef products found a
relatively high level of contamination by shiga-toxin-producing Escherichia coli (greater
than 15%), but the fraction of those positive for O157:H7 was very low (less than 2%)
(Armstrong, et al., 1996; Mechie et al., 1997).  Doyle and Schoeni (1987) reported that
3.7 and 5% of the beef samples were contaminated with O157:H7 in different locations.
The USDA’s National Microbiological Monitoring Program found only 0.1% of the
samples surveyed tested positive for E. coli O157:H7 (USDA/APHIS, 1997).  The
prevalence of strain O157:H7 in produce has not been studied in detail, but this pathogen
has been detected in cantaloupe, potatoes, radish sprouts, alfalfa sprouts, cabbage, celery
and coriander (Besser et al., 1993; Griffin, 1998; USDA/APHIS, 1997).  Ground beef
remains the most common source for infection.

E. coli O157 remains a difficult enigma.  Cattle are considered the primary reservoir of
human infection, though other species including dogs, horses, flies, and birds have
cultured positive (Hancock et al., 1998).  From the NAHMS 1996 national dairy study,
24% of dairy herds had at least one culture-positive milk cow, with a milk cow
prevalence of about 1% (Wells et al., 1998).  These estimates are consistent with those
from the NAHMS 1995 national feedlot study (63% of feedlots, with higher sampling per
feedlot, and 1% of fecal samples).  Typical duration of shedding is short.

The source of transmission for a large number of outbreaks has been confirmed to be
cattle asymptomatically infected with E. coli O157:H7 (Rajkowski, et al. 1998). The
contamination of meat-related outbreaks has been clearly identified to occur when
carcasses are infected by feces or intestinal contents (Meng and Doyle, 1998;
USDA/APHIS, 1997) and at the milking parlor in outbreaks associated with dairy
products (Morgan, 1993).   In outbreaks caused by vegetables and apple juice, the point
of contamination occurred when previously spread cattle manure came in contact with
produce (Besser, et al., 1993; Mechie et al., 1997).  Direct transmission from cattle to
humans has also been documented (Armstrong et al., 1996).

Because cattle are a natural reservoir of E. coli O157:H7, more than 30 surveys have
been conducted in the U. S., U.K and Europe to determine the prevalence of this
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pathogen in feces of bovine populations.  Herd prevalence between 22% and 100%
indicated that  E. coli O157:H7 is widespread in both beef and dairy cattle, but the
prevalence appears to be highly variable within herds  (Armstrong et al., 1996;
USDA/APHIS, 1997).   The median percentage of E. coli positive animals within herds
calculated from those studies was 1.7 %, and the range varied from 0 in four cases to
63% in a recent report (Jackson et al., 1998).  Even in herds implicated in outbreaks the
prevalence was quite variable (Armstrong et al., 1996).

Pigs do not normally harbor E. coli O157:H7 in their intestines and no outbreak has been
directly linked to consumption of pork meat.   In a large survey conducted by the USDA's
National Animal Health Monitoring System in 1995 (Bush, 1996), no evidence of fecal
shedding of E. coli O157:H7 in pigs could be found, and Chapman et al. (Chapman et al.,
1997) reported a 0.4% prevalence.  However, E. coli O157:H7 has been detected in pork
meat and carcasses, likely due to cross-contamination from beef.  Doyle and Schoeni
(1987) isolated this bacterium from 1.5% of fresh retail pork meats, and in a survey at
slaughterhouses, 14% of  the cattle carcasses tested positive for O157 serotype.

Recent studies have shown that the transmission of E. coli O157:H7 from cattle to other
animal species can occur.  Hancock and coworkers (Hancock et al., 1998) isolated this
pathogen from the feces of horses, dogs and flies in dairy farms.  Strain O157:H7 can be
transmitted through water (USDA/APHIS, 1997) and its dissemination could occur from
farm to farm. Because of the increasing number of outbreaks and recalls, it is possible
that the prevalence in cattle is also rising, which can potentially increase the risk of
transmission to other animal species.

Vehicles of Transmission

The vehicle of E. coli O157:H7 transmission in the U. S. outbreaks  between 1982 and
1996 was food (67%),  person-to-person contact, mostly among children in day-care
centers (22%), swimming (8%) and drinking water (2%) (Griffin, 1998). Most foodborne
outbreaks have originated at home or at restaurants, but an increasing number of school-
related cases have been reported.  Ground beef has been the single most frequently
implicated food in foodborne outbreaks (60%) and all bovine food products comprise as
many as  75% of outbreaks (Buzby et al., 1996). Deer meat has also caused 3 outbreaks
and among vegetable products, lettuce, alfalfa sprouts and unpasteurized apple cider and
juices have been implicated in at least 5 outbreaks.

Methods to Reduce Contamination

Due to the epidemiology of this organism, E. coli O157 eradication does not appear to be
possible using test and cull methods.  From studies to date, risk factors associated with
fecal shedding of E. coli O157 in dairy cows are unclear. Factors that may be involved
include feed and water management.  Dietary factors appear to be involved; one clinical
trial showed that fasted calves shed the organism longer than non-fasted controls (Cray
et al., 1995). Similarly, pens of feedlot cattle that were on feed less than 20 days were
more likely to have positive cultures than those pens on feed longer (Dargatz et al.,
1997). Another study suggested drinking water of cattle as a source of E. coli O157
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(Faith et al., 1996); water troughs have been identified as sources of E. coli O157
(Hancock et al, 1998).  Increased host resistance through competitive exclusion may
prove useful in the future.

It is unlikely that the elimination of E. coli O157:H7 from the food supply will be
achieved by a single method, but it will have to arise from the combination of a variety of
actions.  Improvements in sanitation, HACCP programs and organic acid washes can
decrease the risk of E. coli O157:H7 at slaughter, but it is virtually impossible to prevent
all fecal contamination (USDA/APHIS, 1997).  Cooking and pasteurization are highly
effective, but these processes can greatly affect the cost and sensory characteristics of
food.   Irradiation is another avenue of prevention (Thayer, 1995) and a vaccine has
shown promising results in trial tests, but to date there is no effective vaccine against
enteropathogens.   The use of probiotics can also significantly contribute to reduce the
colonization of E. coli O157:H7 in the digestive system (Zhao et al., 1998).   A recent
paper suggested that changes in the diet of cattle can affect fecal E. coli populations, but
the effect of feeding hay or grain on E. coli O157:H7 incidence remains to be determined
(Diez-Gonzalez et al., 1998)

LISTERIA MONOCYTOGENES

Listeria monocytogenes, another emerging pathogen, is a gram-positive organism
(Rocourt and Cossart, 1997).  Before 1980, L. monocytogenes had not been detected as
causing major foodborne outbreak; only sporadic cases had been reported (Bell and
Kiriakides, 1998).  The symptoms of infection by L. monocytogenes are typically fever
and headache, but a series of serious conditions can develop.  In pregnant women,
spontaneous abortion, still-birth, septicemia and meningitis may occur (Bula et al., 1995);
in other susceptible populations like the elderly, encephalitis and bacteremia are more
common.   Listeriosis is particularly dangerous because the case-fatality rate can be as
high as 30% (Rocourt and Cossart, 1998).

Human Incidence

The overall rate of infection in human populations is relatively low with approximately 5
cases per million population in the U.S. (FoodNet, 1998).  Epidemiological studies have
calculated that L. monocytogenes infections only account for 0.02% of total foodborne
infections, but cause approximately 7% of  the total food-related deaths (Buzby et al.,
1996).  A wide variety of foods have been implicated in outbreaks since 1981, but most
have been related to dairy products like unpasteurized milk and cheese (Bell and
Kiriakides, 1998).  In recent years, however an increased number of outbreaks and food
recalls have been triggered by contaminated ready-to-eat meats (Kuhn, 1999).

Incidence in Foods of Animal Origin

Listeria has a widespread distribution in nature and it can be associated with decaying
plant material, freshwater, feces and sewage.  This pathogen is now considered a frequent
inhabitant of the gastrointestinal tract of mammals, and even approximately 5% of
humans are asymptomatic carriers (Bell and Kiriakides, 1998).  It is particularly well
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adapted to thrive in the wet environment of food processing plants (Rocourt and Cossart,
1998).  L. monocytogenes can be detected in many different foods including processed
products.  In a large survey, McLauchlin and Gilbert (1990) analyzed 18,000 samples of
foods and found L. monocytogenes in 6% of the samples with more than 1,000 cfu/g
found in most of them.   This pathogen is also frequently detected in raw milk (5%), meat
products (1 to 70%), poultry (as high as 50% in some studies), and eggs (5%) (Johnson et
al., 1990; Leasor and Foegeding, 1989; Lovett et al., 1987; Uyttendaele et al., 1997).

Very little is known about the ecology of Listeria monocytogenes on dairy operations,
though it is considered to be ubiquitous in many environments.  Weber found 33% of 138
German cattle shedding in feces (1995).  Risk factors among French farms included poor
quality of silage (pH > 4.0), inadequate frequency of cleaning the exercise area, poor cow
cleanliness, insufficient lighting of milking barns and parlors, and incorrect disinfection
of towels between milkings (Sanaa, 1993).

Listeria can survive and grow at refrigeration temperatures; milk, cheese and ready-to-eat
meats have been implicated in many outbreaks.   This is a characteristic that distinguish
this bacterium from other foodborne pathogens, even a few contaminant cells can be
enough inoculum to reach infectious dose levels (Bell and Kiriakides, 1998).

Vehicles of Transmission

Because of the pervasive distribution of L. monocytogenes, the source of food
contamination could come from any material in contact with foodstuff.  Lack of sanitary
conditions and good manufacturing practices at processing plants are frequently
implicated in outbreaks (Kuhn, 1999).  Airborne transmission of Listeria, however, has
not been demonstrated (Autio et al., 1999).  In the case of Listeria there is little evidence
of a link between the prevalence in livestock with the increase in human infections.

Methods to Reduce Contamination

Improvement in sanitary conditions, use of HACCP systems, and use of irradiation can
potentially prevent Listeria infections (Bell and Kiriakides, 1998; Thayer, 1995).
Improvements in processing conditions can markedly reduce the incidence in meat [33]
and poultry (Uyttendaele, 1997).   Nisin as proven to be an effective antimicrobial against
Listeria and it is currently under active investigation to apply this bacteriocin on ready-
to-eat meats (Murray and Richard, 1997).  The use of bacteriocin-producing bacteria,
sodium lactate and a variety of chemicals in meat products has shown limited but
promising results (De Martinis and Franco, 1998; Dorsa et al., 1998; Greer and Dilts,
1995; Hume et al. 1998).   Fenlon and coworkers (1996) indicated that the incidence of
Listeria in cattle feces was directly linked to their diet.  When animals were fed corn
silage this pathogen was almost always detected on their feces, but if cattle was fed only
hay no animal was positive.

YERSINIA ENTEROCOLITICA
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The genus Yersinia are part of the family Enterobacteriaceae and include three
pathogenic species: Y. pestis, the causative agent of plague; Y. pseudotuberculosis, a
rodent pathogen, and Y. enterocolitica, a foodborne pathogen of humans (Robins-
Browne, 1997).  Children are particularly susceptible to Yersinia and the symptoms of
infection are diarrhea, low-grade fever and abdominal pain (Hoogkamp-Korstanje and
Stolk-Engelaar, 1995).  The illness can last from a few days to 3 weeks and in some cases
chronic enterocolitis is observed.

Human Incidence

The incidence of yersiniosis in the U.S. is relatively low (0.9 cases/100,000 people)
compared to other foodborne pathogens and outbreaks are very unusual (FoodNet, 1998;
Robins-Browne, 1998).  A relatively significant number of humans carry Yersinia
asymptomatically in their intestines (Varnam and Evans, 1991).

Incidence in Foods of Animal Origin

Y. enterocolitica is widely distributed in the gastrointestinal tract of mammals, birds, fish
and insects (Cover and Aber, 1989).  Yersinia has been detected in pork, beef, lamb,
poultry and dairy products, but the majority of outbreaks are caused by milk (Kapperud,
1991).  However, cattle do not appear to be a natural reservoir of Yersinia and cases
related to milk were probably due to contamination of pasteurized milk and the ability of
this pathogen to grow at low temperature (Schiemann, 1987).  Based on the fact that most
isolates from food or livestock are not virulent serovars the transmission from animals to
humans might not be significant (Robins-Browne, 1998).  The only livestock  that can
frequently carry human pathogenic serovars (e.g. O:3) are pigs (Kapperud, 1991)  and as
many as 3% of pork meat can be contaminated (Fukushima et al., 1997).

Vehicles of Transmission

The evidence for the transmission between pork and humans is supported by a variety of
epidemiological observations. In countries with the highest incidence, like Denmark, Y.
enterocolitica is frequently isolated from pork carcasses (Christensen, 1987) and the
consumption of raw pork meat is directly linked to infections (Tauxe et al., 1987).
Yersinia can survive in water streams for long periods of time and this can potentially be
a source of infection (Chao et al., 1988).  This pathogen can also be transmitted by direct
contact with chitterlings (Stoddard et al., 1994), but there is no evidence for airborne
dissemination.

Methods to Reduce Contamination

Application of HACCP programs and improvement in manufacturing practices and
sanitation could prevent and decrease Yersinia contamination. Irradiation is a very
effective method to eliminate Y. enterocolitica from pork meat (Shenoy, 1998).
Treatment of pork meat with lactic acid greatly reduced the counts of Y. enterocolitica
(Greer and Dilts, 1995).



Literature Summary for the GEIS on Animal Agriculture                    UNIVERSITY OF MINNESOTA

K–69

MYCOBACTERIUM PARATUBERCULOSIS

While the zoonotic nature of Mycobacterium paratuberculosis remains unclear, domestic
and international consumer demands raise the importance of on-farm control.  The
NAHMS 1996 national dairy study has estimated at least 22% of dairy herds have at least
one test-positive cow with a milk cow prevalence of 3.4% (NAHMS, 1997).  This
prevalence in dairy herds is greater than that found in U.S. beef cow-calf operations.
Control of infection is possible, though requires long-term commitment using currently
available tests.  Control is focused on fecal hygiene, especially towards susceptible young
calves, identifying and removing infected animals and their manure, and reducing the
risks of introducing infected cattle to the operation. A herd status program is developing
in many states to identify low-risk herds to serve as replacements.

PROTOZOOA

While the foodborne significance of Cryptosporidium parvum remains in question, its
importance as a water-borne pathogen adds it to this discussion.  Many different species
of animals shed C. parvum oocysts, including cattle.  Oocyst shedding appears to be
clustered in young calves (primarily less than 30 days of age) and efforts to detect
shedding of oocysts from cows around the time of calving have failed to date (Atwill et
al., 1998).  The NAHMS 1991-92 national dairy heifer study estimated at least 90% of
dairy operations were positive for C. parvum, with 22% of preweaned dairy heifers
shedding oocysts at any one point of time and nearly 50% of calves shedding the
pathogen 1-3 weeks of age (NAHMS, 1993).  Because of the clustering of fecal shedding
in very young calves, environmental control may be feasible, with focus on preventing
calf feces from contaminating surface water.

Very little is known about Giardia lamblia on dairy operations in terms of prevalence or
control measures but the organism has been isolated in 50% of beef calves (NAHMS,
1993).

Variation by Segment of the Population: Food-borne Disease

In general, the segments of the population most susceptible to disease and sickness
through consumption of animal products are children, pregnant women, the elderly, and
other immuno-compromised groups.  For example:

E. coli can cause serious complications in children (hemolytic uremic syndrome (HUS))
and in the elderly (Thrombocytopenic Thrombotic Purpura (TTP)).

Listeria monocytogenes can cause serious conditions in pregnant women, such as
spontaneous abortion, still-birth, septicemia and meningitis (Bula et al., 1995); in other
susceptible populations like the elderly, it can cause encephalitis and bacteremia.

Children are particularly susceptible to Yersinia.
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Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Food-borne Disease

Species

The prevalence of pathogens varies by species.  For information on the presence of
pathogens by species, see “Foods of Animal Origin as a Source” under each individual
pathogen above.

SYSTEM TYPE AND MANAGEMENT

Factors that may be involved in the presence of E. coli include feed and water
management.  Dietary factors appear to be involved; one clinical trial showed that fasted
calves shed the organism longer than non-fasted controls (Cray  et al., 1995). Similarly,
pens of feedlot cattle that were on feed less than 20 days were more likely to have
positive cultures than those pens on feed longer (Dargatz et al., 1997). A recent paper
suggested that changes in the diet of cattle can affect fecal E. coli populations, but the
effect of feeding hay or grain on E. coli O157:H7 incidence remains to be determined
(Diez-Gonzalez et al., 1998)

Risk factors for Listeria among French farms included poor quality of silage (pH > 4.0),
inadequate frequency of cleaning the exercise area, poor cow cleanliness, insufficient
lighting of milking barns and parlors, and incorrect disinfection of towels between
milkings (Sanaa, 1993). Fenlon and coworkers (1996) indicated that the incidence of
Listeria in cattle feces was directly linked to their diet.  When animals were fed corn
silage this pathogen was almost always detected on their feces, but if cattle was fed only
hay no animal was positive.

SCALE

Some of these concerns of foodborne disease are associated with the size of livestock
operations, to some extent, since scale contributes to disease transmission, transportation
choices, and other factors.  However, size alone is not definitive, and appears to be much
less important than production management practices, as well as practices downstream
from production (slaughterhouses, etc.).

Monitoring Techniques, Modeling Approaches, and Standards: Food-borne Disease

FoodNet and PulseNet systems are available to monitor foodborne disease in human
populations (Centers for Disease Control and Prevention).  Minnesota Department of
Health and Minnesota Department of Agriculture have monitoring and food inspection
programs.  National Animal Health Monitoring System (NAHMS) conducts national
studies to monitor foodborne pathogens in livestock and poultry species on-farm.  An
example of NAHMS studies includes the upcoming 1999 NAHMS Cattle-on-Feed Study,
with the objective of documenting patterns of pathogen shedding and evaluating those
factors that contribute to shedding of pathogens such as Escherichia coli (i.e., E. coli
O157), Salmonella (e.g., Salmonella typhimurium DT104), and Campylobacter.  Another
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objective of this study is to identify types of antimicrobials in use in the U.S. and the
extent to which they are used.

What food safety hazards should be considered for food products from livestock and
poultry?  How can one evaluate the risks due to safety hazards on a specific operation?
These questions may be addressed formally using a risk analysis framework (Bridges,
1998), with steps of identifying hazards and estimating risks associated with those
hazards (risk assessment), making decisions regarding risk reduction (risk management),
and communicating decisions to others to effect the changes needed (risk
communication).  Briefly, one way to identify and prioritize potential hazards is to use
recent human foodborne disease information, summarized in Table 3.  These human
foodborne illnesses originate from a variety of sources, and it is not currently possible to
estimate the proportion due to foods from a specific class of animal.

It should be noted that these numbers represent a relatively conservative estimate of the
number of cases of foodborne disease because most cases go undiagnosed and many that
are diagnosed go unreported.  Respectable estimates go several orders of magnitude
higher (e.g., former Minnesota State Epidemiologist, Michael Osterholm, has estimated
over 200 million cases per year in the U.S.).  Given these ranges of estimates, all specific
numbers for incidence must be considered rough and probably quite low.

Prevention and Mitigation Measures: Food-borne Disease

For detailed information prevention and mitigation measures for each pathogen, see
“Methods to Reduce Contamination” under each pathogen above.

In general, education and specialization of the producers and compliance with existing
rules and regulations throughout the entire food production chain are of major
importance. The majority of the real and perceived reasons for the increased concerns
with the safety and quality of food of animal origin apply to the pre-harvest area of the
food production chain. Thus, the traditional mandatory meat inspection and the classical
post-harvest food safety measures have a limited potential for major improvements of the
safety and quality of meat (Blaha, 1996; Buntain, 1997).

Table 3. Major foodborne pathogens by incidence (Shallow et al., 1999) and cost of
human illness (Buzby et al., 1996) in U.S.

Pathogen Incidence of human illness
(per 100,000 population)

Annual cost of illness

Campylobacter 21.7 $0.6-1.0 bil
Salmonella 12.4 $0.6-3.5 bil
Shigella  8.5 ?
E coli O157  2.8 $0.2-0.6 bil
Cryptosporidia  2.5 ?
Yersinia  1.0 ?
Listeria  0.5 $0.2-0.3 bil
Vibrio  0.3 ?
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Clearly the potential impact of pre-harvest food safety measures based on the HACCP
concept is different depending on the nature of the addressed defect or pathogen.  There
are different areas in which the defect or pathogen enters the food production chain and
the possibility to reduce the risk in question by proper handling and/or cooking prior to
consumption are different. In the case of residues, on- and off-farm residue avoidance
programs are the only opportunity of prevention, since there is no pre-consumption
procedure that reduces the residue-associated risks to human health. In contrast, proper
handling and freezing and/or cooking of the final product reduces the risks due to
pathogens, but pre-harvest risk-reduction programs can either prevent the contamination
of the carcass (Trichinella and Toxoplasma) or remarkably contribute to minimizing the
pathogen-associated risks (Salmonella, Campylobacter, Yersinia,  and Listeria).
Therefore, the targets for intervention measures in the animal product should be
prioritized as follows:

1) On- and off-farm programs to develop trichinella-and toxoplasma-free herds, regions,
areas and countries (Berends, 1991; EU, 1995; Gamble, 1996; Gamble and Patrascu,
1996; USDA, 1997) with a well-coordinated cooperation between packers, producers,
veterinary officers and practitioners, and epidemiologists.

2) On-farm Salmonella reduction programs with a statistically justified monitoring, either
bacteriologically or serologically, of the Salmonella load of the animals supplied for
slaughter. Research is still needed to evaluate the risk factors for the introduction of
Salmonella into herds, to evaluate the feasibility and effectiveness of  Salmonella-
reducing measures. It is also still necessary to evaluate to which extend the recommended
pre-harvest Salmonella-reducing measures contribute to a measurable Salmonella
reduction in the final product.

3) On-farm programs to reduce the introduction of  Yersinia enterocolitica (Nesbakken et
al., 1994;  USDA, 1997), Campylobacter jejuni (Moore et al., 1996) and Listeria
monocytogenes (Nesbakken et al., 1994). However, more research on the prevalence of
these pathogens in swine herds and on the feasibility of control measures is needed.

To reliably decrease foodborne health risks and to improve the consumer’s confidence in
food of animal origin, pre-harvest food safety programs should consist of  three elements:

1) Implementation of GMPs and HACCP programs aiming at reducing food-borne risks
to human health at farm level.

2) Implementation of monitoring and surveillance programs at slaughter to determine the
frequency of the introduction of foodborne health risks into the food chain identifying the
farms of origin and mechanisms to develop incentives for the farming community to
reduce these risks.  This element is, as a rule, the “trigger” and “modulator” of any pre-
harvest food safety program.

3) Implementation of a certification procedure involving independent agencies and
persons such as accredited veterinarians and quality consultants.
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Conclusions

n A wide variety of foodborne disease organisms exist in animal products.

n Many of these newly emerging diseases have a significant impact on human health
(including “external” impacts on people who are not eating the food that was responsible
for the pathogens in the environment) and economic impact on the livestock industry.

n Children, pregnant women, the elderly, and the immunocompromised are most
susceptible to pathogens in animal products.

n An extremely large literature exists but the development of “emerging pathogens,”
newer microorganisms that account for a rapidly escalating number of cases of human
illnesses, indicates that knowledge gaps are likely to be constantly appearing as
organisms alter characteristics.

n More information is needed on management practices, pre-cooking, probiotics, and
impact of antimicrobial agents.

n Consumer education regarding the proper cooking, storage and handling of animal
products and all foods is still necessary.

QUESTION 2.E. - ANTIBIOTICS (ANTIMICROBIALS), HEAVY METALS AND

OTHER CHEMICALS

TOXICOLOGY PRIMER

Chemicals are a contentious subject in our society; therefore, the subject of toxicology of
chemicals can sometimes create controversy, generating more heat than light.  In doing
so, such controversies often cause citizens to overlook the fact that everything in the
world is comprised of chemicals, including every cell in the human and animal body.
One of many common misconceptions is that man-made or “synthetic” chemicals are
inherently more toxic than those produced in nature.  However, natural bio-systems
synthesize chemicals and no difference exists between, for example, vitamin C in orange
juice and vitamin C synthesized in a chemical manufacturing plant.  Furthermore, a
natural product, botulism toxin, is one of the most poisonous substances known to man:
one milligram (1/28,000 of an ounce) will kill 20 million mice.  Two excellent references
on man-made and natural toxicants are Shibamoto and Bjeldanes (1993) and National
Academy of Sciences (1973).

It is also crucial to understand that the property of toxicity is not the same as the ability to
cause harm under normal circumstances.  Toxicity is a measurement quantifying the
degree of development of adverse effects of chemicals on living tissue.  By this
definition, everything is toxic, including water and oxygen, two very important chemicals
upon which life depends.  Oxygen exhibits substantial toxicity as evidenced by adverse
reactions to atmospheres containing more than 20 % oxygen, including blindness in
premature babies given pure oxygen.  These facts were recognized by Paracelsus, the
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Swiss physician who wrote in the year 1567 : “What is it that is not poison?  All things
are poison and nothing is without poison.  It is the dose only that makes a thing not a
poison.”  This is nowadays paraphrased into “only the dose makes the poison,” which
served as the basis for a well-written monograph on the subject, written for the non-
scientist, by Alice Ottoboni (1984).

Chemicals that can harm or kill are commonly referred to as “poisons.”  However,
according to Ottoboni (1984), poisons are, in fact, only those chemicals so highly toxic
that illness or death will result if small quantities are administered.  All other chemicals
are simply able to produce adverse effects, including sensitization, at fairly high levels
but one must distinguish between acute or chronic exposure.  Acute exposure refers to
exposure of subjects to the toxin over a very short period of time and usually only once.
Levels are usually very high.  Exposure of a child to household chemicals would be one
example.  Chronic toxicity involves long-term exposure to chemicals at fairly low levels,
similar to what might occur in the workplace.  It is chronic toxicity that would be the
target of most of the studies dealing with the impact of animal agriculture on human
health, although there are cases of acute toxicity documented.

Level is only one of many factors that influence the toxicity of substances.  Others
include route of exposure (dietary, inhalation, skin), host organism (species, age, sex) and
nutritional status, especially protein, vitamin and phytochemical intake.  (Phytochemicals
are plant-derived chemicals, frequently antioxidants that augment the ability of animals to
resist carcinogens and toxins.)  Fortunately, the skin is a fairly good barrier to entry of
many toxins.  Inhalation can be a more serious situation than absorption through the skin
but even here there are numerous mechanisms at work to keep clear the alveolus, bronchi
and other structures (Ottoboni, 1984).

Oral exposure would occur with most chemicals found in foodstuffs.  Toxins could be
absorbed in the mouth, stomach, small intestine, large intestine and rectum, depending on
the chemical properties of the toxin.  There are few toxins that are active by all three
routes but one that is, parathion, the pesticide, can block nerve transmission by disrupting
a key enzyme. Acute exposure to parathion can be fatal but there are no known adverse
effects of chronic exposure to small quantities of parathion (Ottoboni, 1984).

One form of adverse reaction from exposure to chemicals is that of mutation, indicating
genetic alteration.  The subject is divided into three areas, mutagenesis, carcinogenesis
and teratogenesis, which are defined as the causation of genetic change, cancer, and birth
defects, respectively.  Many types of cancer and birth defects are the result of mutations.

ANTIBIOTICS (ANTIMICROBIALS)

Issues of Concern:
There are two main concerns related to the use of antibiotics (antimicrobials) in animal
agriculture.  The first is the direct effect of antibiotic residues in animal products.  The
second is the indirect effect of increasing antimicrobial resistance.
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Antibiotic Residues:
Consumers are concerned with the likelihood of residues from antibiotics and
chemotherapeutics and/or their metabolites in edible tissue which potentially leads to the
intake of unwanted substances that can result in resistance or allergies (Debeuckelaere
and Remy, 1997).

Antimicrobial Resistance:
The public and especially the medical society (World Health Organization [WHO],
public health authorities, physicians, and bio-medical scientists) are concerned with
increasing resistance in bacteria that are relevant in human diseases. There is a strong
belief (especially in Europe) that the use of antimicrobials in food animals might
contribute to the problem or aggravate its magnitude (WHO, 1997).

These concerns have triggered a growing discussion of the issue by the public and by
scientists.  The usage of antimicrobials in the United States is large; 36% of the total use
is for animals (Hays et al., 1986; Institute of Medicine, 1989).  In 1991, 76 million
pounds of antibiotics were used for the treatment of disease in humans and animals and
25% of this total was used in therapeutic, disease prevention and growth promotion in
animals (NRC, 1999).  Between 60 and 80% of all livestock and poultry receive
antibiotics during their productive lifespan.  For a more in-depth discussion of the use of
antibiotics in animal production, see the Animal Health Report, GEIS topic IV.L.

ANTIMICROBIAL RESIDUES

Human Health Effects: Antimicrobial Residues

Over the last decade, the prevalence of serious problems of antimicrobial residues has
significantly decreased. This is due to the mandatory residue testing of meat and milk
prior to further processing conducted by USDA/FSIS and intensive educational efforts by
USDA and the livestock industries (mostly as result of quality assurance programs for
e.g. pork, dairy, poultry, etc. on a national or state basis). Since 1996 raw milk antibiotic
contamination claims have steadily declined.  Claims in herds that have been through the
educational process of the Quality Assurance program are significantly less than those
dairies that have not enrolled in the program (Wright, 1999).  Minnesota has the second
highest enrollment in the Dairy Quality Assurance program in the United States (10% of
the dairy herds) but still has a long way to go.

Variation by Segment of the Population: Antimicrobial Residues

Nothing in the literature was found on this topic.

Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Antimicrobial Residues

Nothing in the literature was found on this issue.
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Monitoring Techniques, Modeling Approaches, and Standards: Antimicrobial
Residues

USDA/FSIS conducts mandatory residue testing of meat and milk prior to further
processing.

Prevention and Mitigation Measures: Antimicrobial Residues

Further improvement in reducing the presence of antimicrobial residues is possible.
Some observers conclude that it should be achieved by voluntary on-farm residue
avoidance programs rather than by increasing the sample size of residue testing in the
framework of mandatory monitoring systems (Blaha, 1997; Blaha, 1999). The on-farm
residue avoidance programs should include consistent record keeping, proper drug use,
storage and extended withdrawal times. A successful example of applying voluntary
incentives to encourage farm enrollment in the Quality Assurance Programs can be found
in Wisconsin.  Reductions in insurance premiums for those dairies participating in the
Milk and Dairy Beef Quality Assurance programs stimulated 7478 dairies (34% of
Wisconsin dairies) to finish the program.  As a result Wisconsin enjoys the highest level
of enrollment in the Dairy Quality Assurance Program.

In general, an overall reduction of antimicrobial substances used in agriculture both for
medical and production purposes is necessary (USDA, 1996a; USDA, 1996b; WHO,
1996).

Another priority is off-farm residue programs via GMP and HACCP programs in the
supplying feed mills aiming at the prevention of cross-contamination and promotion of
proper labeling.

ANTIMICROBIAL RESISTANCE

Human Health Effects: Antimicrobial Resistance

Development of antimicrobial resistance to human pathogens is the result of the use of
antimicrobials in both humans and animals (including pets and agricultural animals), and
is usually attributed largely to inappropriate use.  Physicians acknowledge 20-50%
overuse of antibiotics.  They cite unrealistic parental and patient expectations as a major
factor as well as physician diagnostic uncertainly (Bell, 1998).  In much of the world,
antibiotics are used without physician supervision.  They are also used at subtherapeutic
doses for growth enhancement in the animal agriculture industry.

It has been clearly established that zoonotic enteric pathogens, which are antimicrobial
resistant, are transmitted from animals to humans.  There are five references used by the
Centers of Disease Control and Prevention (CDC) that demonstrate the link between
antimicrobial use in food animals and the transfer of resistant Salmonella to human
patients (Morb and Mortsl 1977, Lyons 1980, Holmberg 1984, Tacket 1985, Spika 1987).
A recent Minnesota study (Smith 1999) adds to the accumulating evidence that
quinolone-resistent Camplylobactor jejuni infections (diarrhea) are on the increase.
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Many other papers in the literature link resistant pathogens to the production of animal
foods (e.g., Corre et al., 1999; Cody et al., 1999; Villar RG et al., 1999; Glynn et al.,
1998; Witte, 1998; Aarestrup, 1998; Bates et al., 1994; Klare et al., 1995; Bager et al.,
1997).

Among the meetings, conferences and workshops on this issue, a WHO meeting in 1997
in Berlin, Germany set the stage for the ongoing discussion about the “Medical Impact of
the Use of Antimicrobials in Food Animals.” Quotations from the report of this meeting
are (WHO, 1997):

“Antimicrobials are vital medicines for the treatment of bacterial infections in both
humans and animals.”

“The magnitude of the medical and public health impact of antimicrobial use in food
animal production is not known.”

“Timely public action is needed to control medical problems related to the
widespread application of antimicrobials outside the medical sphere.”

“National policies on the use of antimicrobials in animals must balance the possible
benefits to livestock production against the medical risk and public health
consequences deriving from their use.”

“Bacteria and genes, including resistance genes, can pass between human, animal and
other ecosystems.”

“Following the introduction of fluoroquinolones in food-producing animals, the
emergence of Salmonella serotypes with reduced susceptibility in humans has
become a cause for particular concern.”

“Reducing the need for antimicrobials is an important means of managing resistance
risk.”

The following microorganisms are either known to have developed some degree of
antibiotic resistance or are potentially developing resistance but have not been studied
sufficiently.  This area has many knowledge gaps that need to be addressed.  For
information on each of these microorganisms and their associated human incidence of
infection, incidence in foods of animal origin, and vehicles of transmission, see Question
2.d. in this report on Transmission of Disease and Sickness through Consumption of
Animal Products.

Salmonella: There is a worldwide increase of the so-called phage type DT104 of S.
typhimurium, which is resistant to a broad variety of antimicrobials (Threllfall et al.,
1996; Akkina et al., 1999).

Campylobacter: There is a growing concern that the use of fluoroquinolones (a class of
antibiotics) in poultry may contribute to the recent increase of drug-resistant
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Campylobacter strains.  The discussion about the use of fluoroquinolones in food-
producing animals has been fueled only recently by a study of researchers from the
Minnesota Department of Health  (Smith et al., 1999).  The study concludes that “The use
of fluoroquinolones in poultry, which began in the United States in 1995, has created a
reservoir of resistant Campylobacter (C.) jejuni.” The authors found that the proportion
of quinolone-resistant C. jejuni isolates from humans increased from 1.3% in 1992 to
10.2% in 1998. Quinolone-resistant C. jejuni was isolated from 14% of 91 domestic
chicken products obtained from retail markets in 1997. Molecular sub-typing showed an
association between resistant C. jejuni strains from chicken products and domestically
acquired infections in Minnesota residents. Conclusion: Apart from more infections with
resistant C. jejuni strains acquired via foreign travel, the number of quinolone-resistant
infections acquired domestically has also increased, largely because of the acquisition of
resistant strains from poultry.

Escherichia (E.) coli O157:H7: There is nothing in the literature yet that discusses
antimicrobial resistance of E. coli.  But because E. coli poses a severe health threat,
potential resistance is a concern.

Two other organisms need much further research to fill in gaps in our knowledge of
development of antibiotic resistance.

Yersinia enterocolitica: Because of the fact that Yersinia grows at refrigeration
temperatures, there is potential for populations to grow to a health-threatening level even
when food is stored in the refrigerator and thought to be safe.  This also means it has
greater potential to develop resistance.

Listeria monocytogenes:  The prevalence of the diseases caused by Listeria
monocytogenes, Listeriosis, appears to be increasing.  The cause of the rise of this
“emerging pathogen” could be natural mutation, antibiotic-induced resistance, or some
other, unknown, factor.

All in all, it is generally recognized that there is an increase in cases where bacterial
resistance complicates the treatment of human disease. There are several reasons for the
phenomenon, with the (over)use of antimicrobials by physicians and the non-compliance
of the rules for the use of antimicrobials by ambulant patients being major reasons (Levy,
1997), and the use in animal agriculture being increasing acknowledged Β as long
suspected Β as a major contributor.  The possibility of subtherapeutic use of
antimicrobials becoming a serious human health problem requires further research and
regulatory vigilance.

Variation by Segment of the Population: Antimicrobial Resistance

As discussed in Question 2.d. in this report, Transmission of Disease and Sickness
through Consumption of Animal Products, children, pregnant women, the elderly, and the
immunocompromised are most likely to develop severe symptoms and serious
consequences of pathogens.  This susceptibility would be complicated by antimicrobial
resistance.
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Variation by Species, Operation, System Type, Management, Geography, and
Concentration: Antimicrobial Resistance

Nothing in the literature was found on this topic.

Monitoring Techniques, Modeling Approaches, and Standards: Antimicrobial
Resistance

Nothing in the literature was found on this topic.

Prevention and Mitigation Measures: Antimicrobial Resistance

Since “Ψany use of antibiotics leads to a selective pressure in favor of resistant strainsΨ”
(Levy, 1997), the use of antibiotics in animals needs to be guided toward the “prudent use
of  antibiotics” (WHO definition: “the use must guarantee the highest possible effect and
the lowest possible risk of resistance”).

HEAVY METALS

Human Health Effects: Heavy Metals

Not much is known about heavy metals or other chemicals from animal production
influencing human health.  Heavy metals in the form of mineral nutrient supplements
could lead to excessive amounts (unabsorbed) excreted in manure.  However, given the
low toxicity of these trace minerals, acute effects are not likely.  Metals in antimicrobial
agents are potentially a greater problem.

One problem mineral may be phosphorus, which affects water and soil if high
concentrations of unabsorbed phosphorus are found in manure.  Part of this phosphorus
comes from supplements and part comes from a naturally occurring chemical called
phytate, found in plants, which is largely unabsorbable by animals.

For more information on heavy metals in manure, see the Manure and Crop Nutrients
Report, GEIS topic III. J.

OTHER CHEMICALS

Human Health Effects: Other Chemicals

Endocrine Disruptors

The problem of endocrine disruption has received very high level attention.  These
compounds are important because they are capable of altering hormone pathways that
regulate reproductive processes.  At least two papers have reported estrogens in runoff on
lands that were intensively grazed (Shore et al., 1995; and Nichols et al., 1997).
However, attributing impacts to “endocrine disruption” or the presence of a hormone is
more symptomatic than causal.  Endocrine disruption is poorly understood science at this
time.
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Steroid Implants

An April 30, 1999 report (http/europa.eu.int.dg24/health/sc/scv/index_en.html) from the
European Union Scientific Committee for Veterinary Measures Relating to Public Health
recently raised concerns about the use of naturally occurring sex steroid hormones
(estradiol, progesterone, testosterone) and their synthetic mimics (zeranol, melengestrol
acetate, trenbolone acetate) in growing beef cattle and their potential effects in humans.
The report concludes the issues of concern include potential neurobiological,
developmental, reproductive and immunological effects, as well as immunotoxicity,
genotoxicity, and carcinogenicity. These conclusions have been sharply criticized
(Science, 1999.284:1453) as another component in the on-going trade war between the
U.S. and E.U. concerning imported beef.

The World Health Organization (WHO) and the United Nations Food and Agriculture
Organization (FAO) Joint Expert Committee on Food Additives (JECFA) is composed of
scientists from Europe, Australia and the U.S.  They also reviewed hormone use in cattle
and issued their report in February 1999.  These scientists concluded the use of steroid
hormones did not decrease the safety of food products from treated beef cattle.

Bovine Somatotropin

The Vermont Public Interest Research Group and Rural Vermont recently questioned the
validity of FDA’s ruling that milk and milk products from cows treated with bST are safe
for human consumption.  Their concerns were raised in part by an analysis of the data
that was conducted by Health Canada.   After completing a comprehensive audit of the
human food safety data used to support the approval of bST use in dairy cows, FDA
responded (http://www.fda.gov.infores/other/RBRPTFNL.html) to the questions.
FDA indicated they believed the Canadian reviewers did not interpret the study results
correctly and that there were no new scientific concerns regarding the safety of milk from
cows treated with bST.

The Canadian report expressed concern that increased amounts of insulin-like growth
factor-1 (IGF-1) in milk from cows treated with bST would pose a health risk to humans
and the Vermont Groups were especially concerned about this relative to milk
consumption by children.  FDA’s initial evaluation did suggest a modest increase in IGF-
1 content of milk but this was not deemed a health risk because the increases were within
the normal range of concentrations in untreated cows.  Subsequent information has been
reviewed by FDA which demonstrates the use of bST does not increase milk IGF-1
concentrations above those of untreated cows.

The WHO/FAO JECFA (1998) also reaffirmed earlier assessments that use of bST did
not pose a risk to human food safety.  The Department of Health and Human Services’
Office of Inspector General (OIG, 1992) and the General Accounting Office (GAO)
audited FDA’s approval of bST and found no reason to question the food safety issue.
The White House Office of Management and Budget (1994) reached similar conclusions.

Other Contaminants
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There are risks of contamination in production due to unintentional introduction of
contaminants into livestock.  This includes the relatively common (e.g, the slight
accumulation of heavy metals from ambient pollution in food and water), the sporadic
(e.g., the current dioxin problem in Belgium due to feed contamination), to the rare and
very specific (e.g. contamination of pasture and feed crops from nuclear tests or
accidents).  Risks from such completely unintentional exposures are very difficult to
quantify and predict.  Though the rare dramatic case of contamination is more likely to
make the newspapers (due to its novelty), these exposures appear to be relatively minor
compared to the regular exposures discussed in this report.

Conclusions

n Antibiotic residues in food are a problem of much less significance than the
development of resistant strains of pathogens in living animals.

n The development of foodborne disease pathogens with increasing resistance to
antimicrobials is a growing problem.

n There is some concern about the human health risks associated with steroid implants
and Bovine Somatotropin used in animal production, but they have not been
substantiated.

QUESTION 2.F. - NUTRITIONAL WHOLESOMENESS OF ANIMAL PRODUCTS

ISSUES OF CONCERN:
This section attempted to summarize the effects of the animal industry in its broad
context on human health as related to human nutrition.  The literature in this area easily
exceeds100,000 scientific publications.  The key issues:

n What is the net effect of consumption of animal products on human health?
n Does consumption of animal products per se accelerate the normal aging process and
therefore the diseases of aging-namely, coronary heart disease and some types of cancer?
n Do diets that are improperly balanced with respect to a wide variety of foods,
especially fruits, vegetables and whole-grains, cause health problems?

INTRODUCTION

The GEIS is a study of production and spillover effects, and so an extensive discussion of
nutritional issues associated with non-contaminated animal products is not appropriate
and, indeed, was not attempted.  However, some mention of nutritional aspects of animal
products must be made, here under the question of wholesomeness, because the impact of
animal agriculture on human health comes primarily from eating its outputs.  We also
attempted to place the role of animal products in human nutrition in a broad context by
addressing some aspects of the diet/heart disease controversy that are not related to
animal products.  Only with this included can the reader become adequately and
intelligently informed on such a contentious and fluid area of research.
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The sciences of human nutrition, coronary heart disease and cancer are each extensive;
yet, all are in some ways related to, or at least suspected of being related to, consumption
of animal products.  Furthermore, scientists and clinicians have serious disagreements
over the potential positive and negative roles of animal products in human health and
nutrition.  Animal products are excellent sources of most nutrients for the human body.
Many public health researchers agree that reducing consumption of animals products will
make people healthier.  This is particularly true of epidemiologists, who study the effects
of certain real-world behaviors such as diet, on people by statistical procedures, relating
lifestyle factors to disease incidence. Attempts to associate certain health outcomes with
certain ingredients of animal foods, have not been able to explain much of the effect that
is observed in the population, which leaves some room for controversy.  The relation of
dietary animal fat, animal protein, and cholesterol (as well as other more subtle
components) to coronary heart disease and certain cancers mean that consuming animal
foods probably has a net negative effect on health at the margin, especially if the diet is
imbalanced in terms of fruits, vegetables and whole grains.   Such dietary imbalance is
common among Americans, perhaps as high as 90% (Wardlaw, 1999).

PRIMERS ON HUMAN MORTALITY AND NUTRITION

It is well established that Americans are living longer.  However, the prominence of
diseases of the heart and cancer in the overall mortality statistics may suggest that further
gains are possible (Table 4).  Many scientists and medical authorities believe that heart
disease is preventable in terms of a cause of premature death.  It is also thought by many
that environment is a very large factor in development of cancer and, therefore,
improvements in the environment could reduce cancer prevalence.  Indeed, in most
diseases listed in Table 4, a substantial reduction was seen between the most recent two
years reported by the Centers for Disease Control and Prevention (CDC), 1995 to 1996.
However, while the age adjusted trends are encouraging, there appears to be much
improvement possible.  Moreover, emphasis is also being placed on reducing morbidity
(illness), improving quality of life, and reducing health care costs as well as extending
life expectancy (Wardlaw, 1999).

In Table 4, an asterisk was placed by all categories that are potentially impacted by the
environment.  The use of the term environment is broad and includes nutrition, food,
water, air, and all factors included in this report on human health.  It should be noted that
only the top 15 causes of mortality are included, omitting other environment-related
causes of death, which would be a significant number of the 346,574 deaths not in the top
15.

Diseases which rank 1,2,3, and 7 are closely linked to diet (Wardlaw, 1999).  The
importance of nutritional status to overall heath, vitality and resistance to the diseases of
aging has received a tremendous amount of research in recent years.  It is interesting that
over the past century the United States has seen death rates due to nutrient deficiencies
drop to virtually zero, as the quality, variety and availability of food has increased, but
the death rates due to heart disease and cancer increase to high levels.  It is often stated
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that we are suffering from diseases of affluence.  Some basic facts concerning the science
of nutrition are relevant.

Nutrition is defined as “The science of food, the nutrients, and the substances therein,
their action, interaction, and balance in relation to health and disease, and the process by
which the organism ingests, digests, absorbs, transports, utilizes and excretes food
substances.”

There are 33 known essential nutrients.  Three nutrients, carbohydrates, protein and fat,
yield energy.  Nine water-soluble vitamins and four fat-soluble vitamins are essential for
growth and maintenance of healthy tissues and permit the energy to be removed from fat,
protein and carbohydrates.  Water is an essential nutrient and is used for many important
functions in the human body.  Essential minerals are divided into three groups; major
minerals, including sodium, potassium, calcium, phosphorus, chloride, magnesium, and
sulfur; trace minerals, including chromium, copper, fluoride, iodide, iron, manganese,
molybdenum, selenium and zinc; and trace minerals that are possibly nutrients but not yet
proven, arsenic, boron, cadmium, cobalt, lithium, nickel, silicon, and tin (Wardlaw,
1999).  It is interesting and perhaps significant that many trace minerals are highly toxic
if consumed at levels exceeding the quantity required for life and are also considered as
“heavy metal contaminants” if found at inappropriately high levels in the environment.
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Table 4.  Fifteen leading causes of death in the U.S., 1996

Age-adjusted death rate
Rank Causes of death Number Death rate 1996 1995 Percent

change
All causes 2,322,421 875.4 494.1 503.9 -1.9%

1 * Heart disease  733,834 276.6 134.6 138.3 -2.7
2 * Cancer  544,278 205.2 129.1 129.9 -0.6
3 * Stroke  160,431 60.5 26.5 26.7 -0.7
4 * Lung disease 106,146 40.0 21.0 20.8 1.0
5 Accidents and

adverse effects
93,874 35.4 30.1 30.5 -1.3

Motor vehicle
accidents

43,449 16.4 16.2 16.3 -0.6

All other accidents
and adverse effects

50,425 19.0 13.9 14.2 -2.1

6 * Pneumonia and
influenza

82,579 31.1 12.6 12.9 -2.3

7 * Diabetes mellitus 61,559 23.2 13.6 13.3 2.3
8 Immuno-deficiency

virus
32,655 12.3 11.6 15.6 -25.6

9 Suicide 30,862 11.6 10.8 11.2 -3.6
10 * Chronic liver

disease and cirrhosis
25,135 9.5 7.5 7.6 -1.3

11 Nephritis, nephrotic
syndrome, and
nephrosis

24,392 9.2 4.3 4.3 --

12 Septicemia 21,395 8.1 4.1 4.1 --
13 Alzheimer’s disease 21,166 8.0 2.7 2.7 --
14 Homicide and legal

intervention
20,738 7.8 8.4 9.4 -10.6

15 * Atherosclerosis 16,803 6.3 2.2 2.3 -4.3
All other causes 346,574 130.6 n.a. n.a. n.a.

There are hundreds of other components, mostly derived from plants, which are not
considered nutrients but are essential for optimal health.  Fiber is a key factor in a healthy
diet but for the most part is not digested and absorbed and therefore is not considered a
nutrient.  Phytochemicals are mostly absorbed but are not required for life and therefore
are not classified as nutrients.  Nevertheless, phytochemicals are believed to be important
in prevention of diseases of aging (Wardlaw, 1999).  This is a complex group of
chemicals and a very active area of research in human nutrition and medicine.  These
include the carotenoids, of which there are in excess of four hundred known.  One of
these, _-carotene, is a major source of vitamin A.  Yet, many of the other carotenoids
have been shown to be more effective in terms of cancer and heart disease prevention
than vitamin A.  Other phytochemical groups include polyphenols, indoles,
isothiocyanates, isoflavones, lignans, phytic acid, phenolic acids and saponins (Wardlaw,
1999).

Nutritional Toxicology
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As discussed earlier, the nutrient status of an individual is key with respect to his or her
ability to withstand chemical toxicants and carcinogens.  The study of the results of good
or poor nutrition on the susceptibility of organisms to chemical toxicants is the science of
nutritional toxicology.  Some examples of how diverse the mechanisms are can be
extremely revealing and perhaps temper some of the enthusiasm for simplistic solutions
to complex issues.

Adequate intake of protein and trace minerals is crucial in helping to fortify the levels of
a key enzyme that protects tissues from a toxic form of oxygen.  Selenium, a trace
mineral required for life, becomes part of the structure of glutathione peroxidase, an
enzyme that protects the body from one of the harmful forms of oxygen that occurs
during metabolism or exposure to some environmental toxins.  This type of protection,
antioxidant protection, is being increasingly recognized as important in prevention of
coronary heart disease, some cancers, and other age-related diseases.  Glutathione
peroxidase is representative of an important group of chemicals known as
antimutagens/anticarcinogens because of the protection they impart to tissues.
Phytochemicals, antimutagens/anticarcinogens derived from plants, are a vast array of
widely varying chemicals that for the most part are antioxidants and are under intense
study.  A balanced diet containing meat, to provide selenium and high quality protein,
and whole grain cereals, fruits and vegetables, to provide phytochemicals, including
dietary fiber, may well provide the optimum resistance to carcinogens and mutagens.

The area of nutritional toxicology is an extremely active one and important discoveries
are continually being made.  A promising and relatively new anticarcinogen has been
found in beef and dairy products.  Conjugated linoleic acid, a derivative of the essential
fatty acid, linoleic acid, is being studied intensively by several laboratories including Dr.
Pariza’s at the University of Wisconsin (Ha and coworkers, 1987).

HUMAN HEALTH EFFECTS: NUTRITIONAL WHOLESOMENESS

Positive Role of Consuming Animal Products in Human Health

The three issues of importance regarding nutrients consumed by humans are
concentration of the nutrient in a food, bioavailability (percentage absorbed into the
blood), and safety (lack of harmful materials accompanying the nutrient).  For example,
dairy products are an excellent source of calcium, exceeded in bioavailable calcium
(among foods that are common and easy to consume) only by fortified orange juice and
certain other fortified products.

Red meat is also a good source of most micronutrients.  It is a good source of dietary iron
source, with a fairly high concentration and the highest bioavailability.  Meat contains a
form of iron that is far more absorbable, heme iron, than inorganic forms of iron found in
vegetables.  Moreover, meat contains an unknown factor that aids in the absorption of
iron from plant sources (Wardlaw, 1999).

An additional indirect effect of the animal industry on human health is that the industry
produces a large number of useful by-products with medicinal value, such as blood
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factors, chymotrypsin, collagen, cortisol, glucogen, heparin, and others.  By-products
from animal feed are also being included in medical treatment.

NEGATIVE IMPACTS OF CONSUMING ANIMAL PRODUCTS IN HUMAN HEALTH

It is generally agreed in the health community that people with access to modern
agriculture (i.e., anyone not engaged in subsistence agriculture that depends on animals)
do not need to eat meat or any animal product to consume a healthful diet (e.g., Messina
and Burke, 1997; Messina and Messina, 1996).  Evidence in public health and clinical
nutrition shows that reducing consumption of animals foods reduces age-specific
mortality and various diseases (including cardiovascular diseases, various cancers, and
diabetes).  There is a substantial controversy in the literature about the magnitude, ranges,
and importance of these effects (Pinckney and Pinckney, 1973; Smith and Pinckney,
1991).

Many of the negative health impacts of consuming animal products have been linked
specifically to saturated fat, cholesterol, and proteins, though these do not explain the
entire effect.  Thus, it is not completely clear why eating animal foods has a negative
health impact.   A partial explanation may be the replacement of phytochemical-rich plant
foods by more than adequate intake of animal foods.   However, these observations are
largely moot for the purpose of the GEIS, other than to observe that animal agriculture is
not a “necessity” in our society, an observation which may or may not make any
difference from a policy perspective.

For more than a century, cholesterol, which is found only in animal products, and
saturated fat, which appears in many foods in addition to animal products, have been the
main targets of research attempting to link their consumption to coronary heart disease.
Recently, iron as a factor in coronary disease has been studied.  However, a direct
scientific assessment of the published literature on all three components must conclude
that a linkage of any or all of the three to coronary heart disease has not been
scientifically proven.  Furthermore, a growing body of evidence has implicated
polyunsaturated fatty acids, specifically heated polyunsaturates, as an important causative
agent in coronary heart disease.  It is a gross understatement to say that the relationship
between animal product consumption and coronary heart disease is complex and
controversial.  To better understand the scientific basis for the competing hypotheses
regarding this important question, more in-depth information is necessary. This can be
found in Appendix 1 of this Human Health Report.

Variation by Segment of the Population: Nutritional Wholesomeness

The health effects described above in general can affect all consumers of animal
products.  A more detailed analysis of the different risks among segments of the
population is an enormous undertaking and was not attempted for this Report.

Variation by Species, Operation, System Type, Management: Nutritional
Wholesomeness
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For the area of nutritional wholesomeness, limited work has been completed. Gil and
Addis (1997) showed that in Uruguayan cattle, grass fed cattle displayed lower fat than
corn fed cattle.  Cholesterol did not vary, likely due to the essential nature of cholesterol
in the cells of animals.

Monitoring Techniques, Modeling Approaches, and Standards: Nutritional
Wholesomeness

This question is not applicable for the issue of nutritional wholesomeness.

Prevention and Mitigation Measures: Nutritional Wholesomeness

Most prevention and mitigation measures have to do with changing diet.  As discussed
above (and in Appendix 1), this issue is characterized by many complexities and quickly
changing research findings.  Therefore, to avoid over simplification, prevention and
mitigation measures through diet will not be summarized here.

An area of new interest in prevention and mitigation of nutritional health effects is
nutraceuticals, or functional foods. Nutraceuticals (also called functional foods) represent
not only the frontiers of medicine and food science but the marriage of the two as well.
A functional food or nutraceutical can be defined as a substance that may be considered a
food or part of a food and provides medical or health benefits, including prevention and
treatment of diseases (Pszczola, 1992).  These beneficial effects are considered to be
additional benefits, beyond the normal prevention of nutritional deficiency diseases (such
as prevention of scurvy by vitamin C); for example, adding vitamin C at levels far above
the quantity needed to prevent scurvy so as to prevent cancer.

Another nutraceutical example would be adding fiber to a meat product to accomplish a
lowering of energy content, a dilution of cholesterol or, in the human consuming the meat
product, a possible additional mechanism for delivery of fiber for purposes of lowering
serum cholesterol.  Part of the interest in nutraceuticals stems from the fact that only 10%
of the population in the U. S. consumes the recommended quantities of fruit, vegetables
and whole grains.  The nutraceutical approach may be a more expeditious method of
increasing the human dietary intake of nutraceuticals from plants.  Many of these
compounds have beneficial effects in meat products and can be used to improve the
acceptability of low fat meat products.  For example, Minerich and coworkers (1991) at
the University of Minnesota demonstrated that Minnesota grown wild rice, a rich source
of phytic acid and other nutraceutical, could be blended with low-fat ground beef to
produce a product preferred in taste panel comparisons over full fat (30%) ground beef.

Conclusions

n Animal products can make positive contributions to human health by providing
essential nutrients.

n Consumption of animal products has been statistically associated through
epidemiological studies with increased mortality and morbidity in Western populations.
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However, controlled laboratory studies designed to analyze these statistical associations
have not been able to identify any causative mechanism and thus have not been able to
validate these statistical associations.
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RECOMMENDATIONS FOR ADDITIONAL RESEARCH

1) The empirical evidence regarding the marginal risks posed by contaminated flies as
spreaders of enteric pathogens. Just how many contaminated flies around a picnic table is
sufficient to increase the incidence of any food-borne disease?   Campylobacter and
Salmonella are most likely to be around caged layers, the source most likely to contribute
the most flies into their surroundings. Unfortunately, that subject will be intractable at the
epidemiological level. Perhaps this is a topic that could be modeled quantitatively? Such
an effort would require a team: entomologist, bacteriologist and modeler at minimum.

2) Recommendations for future research in food-borne pathogens:

n Identify management practices that promote the incidence of pathogens in livestock

n Develop effective methods to reduce dissemination of pathogens in manure

n Assess the feasibility of HACCP programs on-farm

n Study the ecological factors that influence the incidence in livestock

n Develop competitive exclusion systems to reduce fecal carriage

3) Airborne dust, gases, and biogenic particles can negatively impact human health.
There are a number of research reports documenting that neighbors of large swine
facilities experience higher incidences of health symptoms than comparable rural
residences near minimal livestock production. Similar studies around other animal
production facilities are limited. Clearly more research is needed to relate emissions from
animal facilities to airborne concentrations and the health effects on individuals living
near animal production facilities.

4) Dust from animal facilities and feed mills can contribute to the ambient dust levels.
Emissions from large beef cattle feedlots in Texas and California are regulated (Sweeten
and others, 1998). Dust mitigation methods are used to reduce emissions from these
sources. No research was found reporting on the health effects of ambient dust from
animal facilities in the Midwest or Minnesota. This might be a topic for future research.
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LIST OF MAJOR RELEVANT ONGOING WORK

Transmission by Flies: Roger Moon listed the following three projects:

(1)Ohio: Dr. Richard Berry, Vector Borne Disease Program, Bureau of Infectious Disease
Control, Ohio Dept. of Health, 900 Freeway Dr. N, Columbus Ohio, (614) 752-1029.

(2)Minnesota: Dr. Craig Hedberg, Acute Disease Epidemiology, MDH, 717 SE
Delaware, Minneapolis. (612) 623-5414. However, Hedberg has left MDH for a post with
UMN, and I do not know who (if anyone) will take up the lead on their fly-diarrhea
study.

(3)Minnesota:  Dr. Roger Moon is leading a study this summer designed to assess the
relation between human annoyance and fly abundance. That CURA-funded project
involves help from Sarah Kuha and MES staff in Clay, Jackson and Renville Counties.
We are attempting to establish a basis for counties to set their own nuisance thresholds,
and develop an objective means of assessing fly abundance around residences in their
communities.

Transmission of Pathogens: Researchers at the USDA/MARC in Nebraska and at the
University of Idaho are currently studying the effect of forage feeding on the fecal
shedding of E. coli O157:H7 in cattle.

Nutritional Wholesomeness of Animal Products:  Dr. Paul Addis interviewed three
scientists involved in active laboratory research on diet and health.  Research is ongoing
in the laboratories of all three scientists and professor Addis is doing cooperative research
with one of these groups.  All three projects are substantially related to the nutritional
wholesomeness of animal products, especially if viewed from the standpoint of relative
risks of other types of foods common to the diet of people in Minnesota.

(1) Dr. Martin Grootveld of London Hospital Medical School is cooperating with Dr.
Addis and will be visiting the University of Minnesota in September or October to
determine the thermal stressing of cooking oils in the Minnesota.  Dr. Grootveld and his
colleagues made the following comment:

ΑThermal stressing of polyunsaturated fatty acid-rich culinary oils according to routine
frying practices (30-90 min. at 180_C in the presence of atmospheric O2 generates high
levels of cytotoxic aldehydic products (up to 50 m.mol.kg-1) (Haywood et al., 1995) via
autocatalytic, self-propagating peroxidation processes.  In addition to being implicated in
the development of atherosclerosis (Witzum and Steinberg, 1991), and its associated
pathological sequelae such as ischaemic heart disease and peripheral vascular disease,
such aldehydic lipid oxidation products have been shown to exert genotoxicological
(Esterbauer, 1982) and pro-inflammatory (Benedetti et al., 1980) properties, and can also
give rise to gastropathic conditions (Jayaraj et al., 1986) ; phenomena that are
undoubtedly ascribable to the high reactivity of these agents with critical biomolecules
(e.g., the apolipoprotein B component of low-density-lipoprotein, DNA base adducts and



Literature Summary for the GEIS on Animal Agriculture                    UNIVERSITY OF MINNESOTA

K–91

thiols such as glutathione) (Esterbauer, 1982).  However, with the exception of direct
damage to the gastrointestinal epithelium, the toxicological properties exerted by orally-
ingested aldehydes are, of course, critically dependent on the rate and extent of their in
vivo absorption from the gut into the systemic circulation. Therefore, we recently
employed high resolution 1H nuclear magnetic resonance analysis to probe the in vivo
absorption, metabolism and urinary excretion of typical aldehydic lipid oxidation
products (trans-2-nonenal and trans-2-pentenal) and found that both of these _,_-
unsaturated aldehydes are indeed absorbed from the gut into the systemic circulation in
vivo, metabolised (primarily via the addition of glutathione across their electrophilic
carbon-carbon double bonds), and excreted in the urine as C-3 mercapturate conjugates
(Grootveld et al., 1998)

The above results indicate that the dietary ingestion of thermally-stressed polyunsaturated
fatty acid-rich culinary oils promotes the induction, development and progression of
cardiovascular diseases since highly reactive aldehydes therein have the ability to
covalently modify lysine residues of the apolipoprotein B moiety of low-density-
lipoprotein, rendering it susceptible to uptake by macrophages, a critical stage in the
generation of foam cells in vivo (Witzum and Steinberg, 1991).  Indeed, our data are
consistent with recent studies which demonstrated that oxidised lipids in the diet
substantially accelerate the development of fatty streaks in vivo (Staprans et al., 1996).

Although we do not dispute the perceived notion that intact, unperoxidised dietary
polyunsaturated fatty acids are protective against the development of atherosclerosis, the
frequent utilisation of culinary oils containing high levels of these agents (predominantly
linoleoylglycerols) for frying/cooking processes, and the consequent ingestion of pro-
atherogenic aldehydic peroxidation products therein clearly pose health hazards worthy
of increased clinical and public concern.  Moreover, the inhalation of vapourised
aldehydes by subjects conducting commercial or domestic frying practices involving
polyunsaturate-rich culinary oils also affords a potential threat to human health.

The frequent ingestion of such lipid oxidation products (LOPs) may represent a greater
hazard to human health than elevated blood plasma cholesterol levels, as indeed may
further factors such as smoking and uncontrolled diabetes.  Interestingly, cigarette smoke
contains significant amounts of cytotoxic aldehydes (e.g., acrolein, crotonaldehyde and
acetaldehydes) and its inhalation gives rise to the covalent modification of proteins,
generating protein carbonyl adducts via Michael addition (α.β,-unsaturated aldehydes)
and Schiff base (saturated and unsaturated aldehydes) reactions.  Hence, cigarette smoke-
derived aldehydes could, in principle, derivatize lysine residues of the apolipoprotein B
moiety of low-density-lipoprotein (LDL), rendering it susceptible to uptake by
macrophages and hence produce foam cells in vivo.  Similarly, high blood plasma levels
of the reducing sugar glucose, which arise during episodes of hyperglycaemia in poorly-
controlled, insulin-dependent diabetics, can also effect the covalent modification of LDL,
a phenomenon providing a plausible explanation for the increased risk of cardiovascular
diseases in patients with this condition.  Although the potential deleterious health effects
of trans-fatty acids are now well documented, researchers involved do not appear to have
considered the presence of LOPs in margarines and shortenings which are very likely to
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be generated from remaining, unhydrogenated polyunsaturates under the high
temperatures required to produce margarines and shortenings from vegetable oils.
Hence, in my view the toxicological studies conducted on trans-fatty acids present in
margarines and shortenings are severely obscured by the presence of LOPs therein,
together with any other “foreign” compounds generated during the hydrogenation
process.”

(2) Dr. Ilona Staprans is a leading atherosclerosis research at the University of
California Medical School and a scientist at the Veterans Hospital, both located in San
Francisco.  Her discussion:

“I think it is premature at this time to speculate whether oxidized fats are a risk factor for
atherosclerostic disease in humans. Moreover, I do not think it is not possible to compare
the atherogenic effects of oxidized dietary fats to such fairly well defined risk factors as
smoking, diabetes and high serum cholesterol levels.

The evidence that oxidized fats may contribute to heart disease is limited and it is
confined to experiments in animals. Whether these observations can be applied to
humans is not known. We have shown that oxidized fatty acids are absorbed by humans
and are incorporated into serum chylomicrons and chylomicron remnants. One can
speculate that these oxidized postprandial remnants are more atherogenic than
nonoxidized remnants.

There is no evidence whether there is any incorporation into other lipoproteins. Similar to
oxidized fatty acids, oxidized cholesterol is definitely present in the Western diet, but
there is no definitive evidence that it is absorbed in humans in any significant quantities.

Thus, since any human studies are not feasible at the present time, it will be difficult to
demonstrate that oxidized lipids in the diet constitute a risk factor for atherosclerotic
disease in humans.

There is some epidemiological evidence that people that consume diets containing high
antioxidant levels and low levels of oxidizable fatty acids (Mediterranean diet) have less
cardiovascular disease, but those observations can lead to speculations only. No
controlled studies have been done.

We have completed a study demonstrating that oxidized cholesterol is atherogenic in
transgenic mice and I am sending you the manuscript. We have also shown that there is
an inflammatory reaction in these mice after consuming oxidized cholesterol from the
diet (data not shown).”

(3) Dr. Dan Gallaher, associate professor of nutrition at the University of Minnesota, is
an expert in fiber and the effects of fatty acids in the diet of experimental animals used to
model the human digestive system response to fiber, cholesterol and fat.

Dr. Dan Gallagher updated our document by saying that of all the potential trace
elements in question, listed in the Primer on Human Health and Nutrition, it appears that
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only Boron is a trace nutrient.  The others listed with it are simply toxic, heavy metals.
However, the fact that such metals were considered possible nutrients at one time,
demonstrates the extreme difficulty in doing modern nutritional research.  He also stated
that his research on stearic acid suggests that:

1) stearic acid is not as efficiently absorbed as other fatty acids and

2) stearic acid retards the absorption of cholesterol.

His conclusion is that stearic acid, one of the principle fatty acids in beef fat, is
hypocholesterolemic, not hypercholesterolemic.
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 APPENDIX 1

CORONARY HEART DISEASE: THREE DISTINCT DISEASE PROCESSES

The common view by the public, often fostered by advertising in the media, is that the
accumulation of cholesterol in or on the artery is sine qua non of coronary heart disease
(CHD) and describes the disease process in its entirety.  Unfortunately, it is not as simple
as this view indicates.  To aid in understanding of the pathology of arteries that lead to
heart attacks, Addis of the University of Minnesota, developed a paradigm that clarifies
the chronological steps in the disease (Addis, 1990).

CHD may be viewed as a three-phase process.  Phase 1, initiationΧblood vessel
injuryΧproduces the necessary pathological conditions conducive to phase 2,
progression, which entails the accumulation of plaque (atherosclerosis).  Phase 3,
termination, resulting from blood clots leading to a heart attack, heart muscle damage
and, frequently, death (Addis, 1990).

ARTERIAL INJURY INITIATES PATHOLOGICAL REACTIONS

Ross’s group at the University of Washington has clearly established atherosclerosis as a
response to injury (Ross, 1986).  The exact nature of the initial arterial injury is unknown
but evidence now supports the concept that fatty acids that have been altered by a process
called oxidation are involved.  Interestingly, saturated fatty acids do not undergo
oxidation; polyunsaturates are extremely susceptible to oxidative change (Addis et al.,
1995).  Aging, smoking and hypertension may also be involved.

The complex pathological process involves arterial injury followed by attachment by
white blood cells and platelets (blood clotting factors) to the injured area in a “response
to injury.”  White blood cells migrate into the arterial wall and convert into scavenger
cells called macrophages.  Low-density lipoprotein particles (LDL), which have also
passed through into the lining of the blood vessel, are now engulfed by the macrophage.

As this process continues, macrophages and other cells are converted into foam cells (fat
filled cells) by absorbing LDL particles.  Fatty streaks in the blood vessel are formed by
the prolific production of foam cells from macrophages and from smooth muscle cells
derived from other layers of arterial cells.  These fatty streaks continue to develop into
mature plague.

The traditional view of coronary disease has serum lipid levels playing an important role
in the rate of plaque build up on the arterial wall.  Animal fats have been the targets of
this view, the assumption being that animal fats are saturated and saturated fats (plus
dietary cholesterol) are important in raising serum cholesterol, especially the low-density
lipoprotein (LDL) closely associated with plaque.  Statements often made regarding
composition of meat are incorrect: not all the fat in meat is saturated.  Accurate
composition information has been provided by the University of Minnesota (Epley,
1990).  The total percentage saturated and unsaturated fatty acids for lamb, beef, pork,
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chickens and turkeys are 56/44, 45/55, 38/62, 30/70, and 29/71, respectively.  In spite of
this, the statements frequently made about red meat in particular are that it contains only
saturated fat.

Gallaher and coworkers of the University of Minnesota (Monsma et al., 1996; Hassel et
al., 1997) have demonstrated that stearic acid, one of the major saturated fats in beef,
actually lowers plasma cholesterol, in part by restricting the absorption of cholesterol
from the small intestine (Schmidt and Gallaher, 1999). The finding that stearic acid, a
principal component of animal fat, reduces serum cholesterol means that a major portion
of the fatty acids in animal fats may actually be considered hypocholesterolemic rather
than hypercholesterolemic fatty acids.  (Beef fat is 52% saturated, including 20% stearic;
44% monounsaturated; and 4% polyunsaturated).  If all three groups of cholesterol
lowering fatty acids in beef fat are summed, the total is 68% of the total fatty acids.
Perhaps these compositional facts and laboratory findings explain the results of a very
recent study that demonstrated that lean red meats (beef, veal and pork) and lean white
meat (fish, poultry), as part of the diet of hypercholesterolemic subjects, produced no
difference in serum cholesterol.  This study, conducted by three respected medical centers
(Chicago Center for Clinical Research; Heart Disease Prevention Clinic, University of
Minnesota Hospital; and Johns Hopkins University Lipid Clinic), together with
previously discussed findings on dietary cholesterol, suggest the need for new and novel
research approaches and possible alternative dietary recommendations (Addis et al.,
1995; Hassel, 1990).

Nevertheless, total fat in the diet is a risk factor related to increased serum cholesterol and
meat has received its share of criticism for contributing to the total fat of the human diet.
In response to this criticism, the meat industry has altered genetic selection and feeding
practices so that today it is possible to purchase meats in the lower range of marbling
(visible intramuscular fat) and, therefore, it is possible to purchase meat with very low
total fat content (Epley, 1992).  In fact, the proximate composition of beef on a fresh
(raw) weight basis is: water (75%), protein (18.5%), lipid, including fat and cholesterol
(3.0%), and other components, including minerals (3.0%), according to Epley of the
University of Minnesota Extension Service.  This is much lower than frequently cited
values because of the inclusion of “separable fat” in many figures, in spite of the fact that
people generally choose not to eat pure beef fat.

Lowering blood lipids by reducing the consumption of dietary cholesterol has been an
important strategy to reduce CHD.  Many controversies surround this lipid lowering
strategy. The difference in cholesterol intake represented by two eggs per week versus
seven eggs per week did not appear to have any significant long-term effects on total
serum cholesterol according to researchers in the U. K.  Edington et al. (1987) concluded
that people do not respond to dietary cholesterol if other guidelines issued by the AHA
concerning total fat, saturated fat and fiber intake are followed.

Finally, the issue of trans fatty acids must be addressed.  Early in the development of
polyunsaturated vegetable oils for use as butter substitutes and cooking oils it became
apparent to the vegetable oil processors that their product was a liquid, therefore not
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spreadible, and very unstable due to oxidation of the fatty acids during heating and
storage.  To impart the spreadibility of butter and to help stabilize these oils against
oxidation, a process called hydrogenation was developed.  Hydrogenation converts some
of the polyunsaturated fatty acids to monounsaturated fatty acids or even saturated fatty
acids.  In the process, a new form of fatty acid, the trans fatty acid, was introduced into
the human diet.  (Most naturally occurring unsaturated fatty acids are in the cis form.  In
recent years, a growing body of evidence has linked trans fatty acid consumption to
coronary heart disease (Addis et al., 1995).

Wood and coworkers (1993) compared butter, mono- and polyunsaturated fatty acid-
enriched butter, trans fatty acid margarine, and zero trans fatty acid margarine on serum
lipids and lipoproteins in healthy men.  The authors concluded, “the data indicate that
trans fatty acids are not metabolically equivalent to the natural cis isomers and that they
affect the serum lipid profile adversely.”  Researchers in Norway noted that because of
concerns about trans fatty acids, the vegetable oil industry had greatly curtailed the
practice of heavy hydrogenation; most oils are now lightly hydrogenated.  The result of
these changes has been a dramatic drop in consumption of trans fats in Norway from 15
g/day in 1958 to about 4 g/day currently, about 10% of the intake of saturated fat
(Pedersen et al., 1998).  In general, the vegetable oil industry has altered oils to respond
to the problems related to trans-fatty acids.  This is typical of the dynamic nature of the
food and meat industries that continues today, responding quickly to real or perceived
problems.  Of course, with less hydrogenation, oils are inherently more unstable, leading
to more accumulation of lipid oxidation products.

ROLE OF LIPID OXIDATION PRODUCTS IN CHD

Do lipid oxidation products have a role in CHD?  Several reviews of the subject have
been published.  Relevant lipid oxidation products involved may include one or more of
the following, according to experts at a prominent laboratory at London Hospital Medical
School in London, U. K: aldehydes, α,β - unsaturated aldehydes, and hydroperoxides of
fatty acids (Claxson et al., 1994; Haywood et al., 1995; Atherton et al., 1997; Sheerin et
al., 1997; Grootveld et al., 1998; Silwood et al., 1999; Grootveld et al., 1999a; Grootveld
et al., 1999b).  These researchers have clearly demonstrated toxic effects of the foregoing
polyunsaturated fatty acid degradation products and their generation in heated
polyunsaturated oils.

The adverse effects of heated vegetable oils have also been studied extensively by a
prominent group of researchers at the University of California Medical School, San
Francisco.  The finding that heated corn oils produced much higher levels of fatty
deposits on arteries of cholesterol-fed rabbits than fresh corn oil is consistent with the
concept of heated vegetable oils being involved in coronary heart disease development in
humans (Staprans et al., 1996).  In both rabbits and humans, it was demonstrated that
diabetics were much more active than normal individuals at absorbing lipid oxidation
products from the digestive tract, possibly explaining the high risk for heart disease in
diabetic patients (Staprans et al., 1996).  Much more research is needed in this area.
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Polyunsaturated fatty acids are far more susceptible to oxidation than the principal fatty
acids found in beef and lamb, and also more so than cholesterol.  However, cholesterol
also can react with oxygen and over the past few decades this subject has been the subject
of a surprising amount of research activity.  As discussed earlier, CHD is the result of
plaque accumulations in arteries.  Cholesterol oxidation products (COPs) have been
demonstrated to be cytotoxic and atherogenic by numerous researchers in scores of
studies.  Several reviews of this area have been published (Smith, 1981; Addis et al.,
1983; Addis and Park, 1989; Addis and Warner, 1990; Guardiola et al., 1996; and Addis
et al., 1996).  Therefore, animal products subjected to abusive temperature and storage
conditions, especially those that permit the development of rancidity (a common form of
lipid oxidation), are likely to contain at least trace levels of COPs (Park and Addis, 1987).

Polyunsaturates have other problems related to atherosclerosis that need to be briefly
addressed.  Even in the absence of heating polyunsaturates and development of lipid
oxidation products in foods, polyunsaturates, if consumed in excess, can render the LDL
particles more susceptible to changes in the blood vessel that increases their
atherogenicity (Addis and Warner, 1991).  This has been shown to accelerate plaque
build up.  This alteration involves lipid oxidation, albeit milder that what occurs during
cooking.  However, the chemical changes are qualitatively similar.  Again,
polyunsaturates are more susceptible than saturates.

Antioxidants help slow the lipid oxidation occurring in the human body which reiterates
the importance of adequate intake of fruits, vegetables and whole-grains.  Two common
polyunsaturated fatty acids are essential, that is they cannot be made by the human body
and are, therefore, required for life.  However, it is well-established that consumption of
high polyunsaturated fatty acid containing diets needs to be accompanied by an increase
in consumption of antioxidants, especially vitamin E, to provide protection against
oxidation (Addis, 1990; Wardlaw, 1999).  Saturated fatty acids can be made by the body
from other dietary components and are therefore not essential in the diet.  While it is true
that some saturated fatty acids elevate serum cholesterol, these same fatty acids do not
undergo oxidation in the body.

There are three major risk factors for CHD: smoking, hypertension (sustained high blood
pressure) and elevated serum cholesterol (Wardlaw, 1999).  Of the three, the latter is the
most contentious (Pinckney and Pinckney, 1973; Smith and Pinckney, 1991).  Serum
cholesterol also is thought of be relevant to consumption of animal products.  The three
risk factors for elevated serum cholesterol are diets high in fat and saturated fat and low
in fiber, especially soluble fiber (Wardlaw, 1999).  Dietary cholesterol is less important
than saturated fat, fiber and total fat as a factor affecting serum cholesterol, although
people vary markedly in their responses (Hopkins, 1992).  However, Stamler and
Shekelle (1988) found dietary cholesterol to be an “independent” risk factor for human
coronary heart disease and suggested that life expectancy increase of 3.4 years would
occur in people who decrease their cholesterol intakes by 200 mg/ 1000 kilocalories
energy intake.  Others have not found dietary cholesterol to be so closely linked to
development of coronary disease.
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Smith and Pinckney (1991) raise serious questions about the use of relative risk ratio as
opposed to absolute risk in many of the diet, drug and coronary heart disease studies.
Paraphrasing the conclusions of Smith and Pinckney (1991): the annual CHD death rate
difference between the vegetarian at 170 mg/dl serum cholesterol and the meat eating
individual at 220 mg/dl serum cholesterol is a trivial 0.03%.  The use of relative risk ratio
recalculates and amplifies trivial risks into larger, more alarming risks.

Also relevant is the “U-shaped” total mortality curve, meaning that total death rate
increases at low serum cholesterol levels even as death rate from heart disease declines.
Part of the increased death rate experienced by those persons exhibiting lower serum
cholesterol is due to cancer (Kritchevsky, 1992).

ATHEROGENIC AND ANTI-ATHEROGENIC FACTORS IN THE HUMAN DIET

Based on the literature published to date, it is difficult to conclude that animal products
increase arterial plaque formation unless they are replacing fruits, vegetables and whole
grains, foods rich in phytochemicals, in the human diet.  It is now clear that foods of plant
and animal origin contain atherogenic factors and also contain anti-atherogenic factors
Addis et al., 1995).  The following are atherogenic factors in the human diet: COPS, lipid
oxidation products from polyunsaturated fatty acids, trans-fatty acids, saturated fats (but
not stearic), and possibly dietary cholesterol, in combination with high levels of the
cholesterolemic saturated fatty acids. Stored iron (serum ferritin) and therefore dietary
iron has been identified by one study as a risk factor for human heart disease but Addis
and coworkers (1995) cited many studies that have disputed this finding.  Moreover,
there are scientific grounds on which to argue that dietary iron may help protect arterial
health (Addis et al., 1995).

The studies of anti-atherogenic factors in the human diet are relatively new compared wit
the traditional studies on atherogenic factors.  Nevertheless, the addition or augmentation
of anti-atherogenic factors has potential to reduce CHD to a greater degree than does the
restriction of atherogenic factors.  It is easier to add than to prohibit dietary components,
especially if prohibition involves foods of high culinary value.  Such anti-atherogenic
factors include antioxidants, fish oils, protected (from oxidation) polyunsaturates, fiber,
and the trace minerals iron, copper and selenium.  All can be added to the diet without
serious sensory problems, assuming the polyunsaturates, including fish oils, are
adequately protected against oxidative deterioration.  Currently, there is great activity in
the food industry in this area, commonly referred to as functional foods or nutraceuticals.
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