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FOREWORD

This report presents the major findings of an OTA assessment of Federal and
State efforts to deal with the environmental contamination of food. Undertaken at
the request of the House Committee on Interstate and Foreign Commerce, the
study examines both regulatory approaches and monitoring strategies for coping
with contaminated food.

The assessment is concerned with chemical and radioactive contaminants
that inadvertently find their way into the human food supply. To bring the scope of
inquiry within manageable bounds, we excluded naturally occurring toxins such
as fungal and microbial toxins.

The Office of Technology Assessment was assisted by two advisory panels of
scientists and representatives of public interest groups, agriculture, the chemical
industry, fisheries, and State and foreign governments. The Food and Drug Ad-
ministration, the Department of Agriculture, and the Environmental Protection
Agency each designated staff members to attend panel meetings, provide back-
ground information, and review draft reports, Background papers were commis-
sioned concerning the scientific aspects of detecting and regulating environ-
mental contaminants in food. The Congressional Research Service provided five
analyses of previous food contamination episodes, Reviews of the draft report
were provided by the advisory panels, Federal agencies, and a number of inter-
ested individuals not previously involved with the assessment.

Because this assessment addresses concerns of American citizens as well as
policy makers and scientists, the summary of the report is also being published as
a separate document. The summary provides the interested citizen with an in-
formative and clear overview of this complex problem. Copies of the summary can
he obtained free of charge from the office of Technology Assessment, U.S. Con-

gress, Washington, D.C. 20510.
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Chapter 1

Summary

The environmental contamination of food is a nationwide problem. A
number of recent incidents dramatically illustrate the potential health haz-
ards and economic harm that can be caused by such contamination-animal
feeds in Michigan contaminated by polybrominated biphenyls (PBBs), the
Hudson River contaminated by polychlorinated biphenyls (PCBs), and Vir-
ginia's James River contaminated by kepone.

These are some of the more serious of the 243 food contamination inci-
dents identified in an OTA survey of the 50 States and 10 Federal agencies.
These incidents have occurred in every region of the country. They have in-
volved all categories of food. While the OTA survey clearly shows the national
chl?racter of such contamination, the true extent of the problem is still
unknown.

The latest major food contamination incident—one not included in the
OTA survey-graphically points up the ominous dimensions of the problem.
PCBs from a damaged transformer contaminated animal fats at a packing
plant in Billings, Mont. The plant used the adulterated fats to produce meat
and bone meal that were sold both to feed manufacturers and directly to
farmers. The contaminated feed spread through at least 10 States—polluting
poultry, eggs, pork products, and a variety of processed foods (including
strawberry cake). The result: contaminated food found in 17 States, and hum
dreds of thousands of pounds of food products seized or destroyed.

This assessment, undertaken at the request of the House Committee on
Interstate and Foreign Commerce, examines the adequacy of current Federal
and State efforts to deal with the environmental contamination of food. In
particular, the study evaluates the effectiveness of 1) Federal and State
monitoring systems in detecting contamination episodes before they reach
crisis proportions, and 2) Federal efforts to regulate contaminations. The
study explores alternative approaches to the problem and presents policy op-
tions for Congress.

Environmental contaminants in food fall
into three categories—synthetic or natural
organic chemicals, metals or their organic
and inorganic derivatives, and natural or syn-
thetic radioactive substances. Such contam-
inants are regulated under the Federa Food,
Drug, and Cosmetic Act. To regulate them un-
der the law, the Food and Drug Administra-
tion (FDA) defines environmental contami-
nants as “added, poisonous, or deleterious’
substances that cannot be avoided by good

manufacturing practices, and that may make
food injurious to health.

Unlike food additives, environmental con-
taminants inadvertently find their way into
the human food supply (including sports fish
and game). They can enter food directly or in-
directly as a result of such human activities
as agriculture, mining, industrial operations,
or energy production. In no instance is their
presence in food ever intended.
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NEALTH IMPACTS OF ENVIRONMENTAL CONTAMINATION

Four factors determine whether and how
seriously the environmental contamination of
food will affect human health: the toxicity of
the contaminant, the amount of the substance
in the food, the amount of the contaminated
food eaten and the physiological vulnerabili-
ty of the individual or individuals consuming
the food.

Based on other countries’ experiences,
there is considerable evidence of human ill-
ness caused by the consumption of food con-
taining various organic chemicals and
metals. In such cases, the level of the con-
taminant in food exceeded the levels usualy
found in the U.S. food supply. The effects of
mercury poisoning are well-documented. The
best known case involved the consumption of
mercury-contaminated fish from Japan’'s Min-
amata Bay. Some of the offspring of exposed
mothers were born with birth defects, and
many victims suffered centra nervous sys-
tem damage.

Another incident in Japan stemmed from
the inadvertent contamination of rice oil by
PCBs. The consumption of food cooked with
this oil resulted in 1,291 cases of so-called
“Yusho disease”—a condition marked by
chloracne (a severe form of acne), eye dis
charges, skin discoloration, headaches, fa-

tigue, abdominal pains, and liver and men-
strual  disturbances,

No such mass-poisoning episodes have oc-
curred in the United States. But there are
studies indicating that present levels of some
environmental contaminants may cause phys-
iological changes. For example, the acciden-
tal contamination of animal feed in 1973 ex-
posed most of the population of Michigan to
PBB in dairy products and other foods. Evi-
dence on what impact this exposure has had
on human health is conflicting, although some
disparities in white blood cell function have
been noted in farm families, The long-term
significance of these physiological changes is
not yet known.

The clinically obvious harmful health ef-
fects of radiation are usually associated with
massive, high-level exposures. Past cases of
radioactive contaminated foods have in-
volved relatively small amounts of radioac-
tive substances with low dose rates. General-
ly, the young are most sensitive to radiation
exposure. However, since any amount of radi-
ation is potentially harmful, prudent public
policy must assume that any unnecessary ex-
posure to high-energy radiation should be
avoided.

ECONOMIC IMPACTS OF CONTAMINATION

The economic impacts of a contamination
incident have traditionally been stated in
terms of the estimated dollar value of the re-
sulting food loss. Only limited data on such
costs are available. Dollar value estimates for
condemned food were available for less than
30 percent of the contamination episodes
noted in the OTA survey. Thus, the real cost
of environmental contamination of food dur-
ing the 1968-78 decade is at least severa
times the $282 million reported to OTA.

The loss of food only partialy reflects the
total economic impact of environmental con-
tamination, Health and “distributional” costs
are aso involved. The health costs include

medical expenses and lost workdays from ill-
ness resulting from food contamination in-
cidents. Since the health effects may not im-
mediately be evident, the expected illnesses
or deaths from an episode are usualy esti-
mated on the basis of available toxicity data
for a particular contaminant. In other words,
estimated health costs are more likely to be
projections than actual figures based on
known cases of illness or death.

The “distributional” costs of environmen-
tal contamination disclose the expenses or
losses incurred by affected businesses, indi-
viduals, and government bodies. These might
include farmers, fishermen, food processors,
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animal feed suppliers, chemical companies,
consumers, and local, State, and Federal
agencies. Although the individual organiza-
tions suffering such losses are usualy identi-

fied, their actual dollar losses are not known.
To understand who is bearing the major eco-
nomic brunt of a contamination episode, ac-
tual cost data are required.

MAJOR PROBLEMS IN IDENTIFYING
ENVIRONMENTAL CONTAMINANTS

To determine whether an environmental
contamination incident has occurred, it is
necessary to establish the presence of the
contaminant in food. In some instances, peo-
ple or animals have become ill before the re-
sponsible contaminant was identified. No one
knew or even suspected that the particular
substance was present in food. This has been
the pattern in many major contamination in-
cidents—those involving PBBs, PCBs, and
mercury.

Our regulatory monitoring system has
failed to detect such environmental contami-
nants as they entered the food supply. Thus,
this assessment identifies and evaluates
other approaches for monitoring either food
or the environment for toxic substances that
may harm human health. The ultimate objec-
tive of monitoring is to prevent or minimize
human exposure to environmental contami-
nants in food.

The only sure way to prevent this kind of
contamination is to make certain that toxic

substances are not released into the environ-
ment. There are various Federal environmen-
tal laws that are designed to limit such re-
leases. But the laws and regulations are not
likely to prevent the deliberate or accidental
misuse or disposal of the thousands of toxic
substances manufactured in the United
States.

The problem is compounded by disposal
and handling practices that was accepted in
the past but are now recognized as posing
serious environmental hazards—hazards
that will persist for many years to come. The
toxic chemical waste dump at the Love Canal
near Niagara Falls, N. Y., clearly illustrates
the threat. According to Environmental Pro-
tection Agency (EPA) estimates, there are
1,200 to 2,000 Of these abandoned chemical
and radioactive waste sites in the United
States that pose an imminent danger to hu-
man health and will cost as much as $50 bil-
lion to clean up. As long as these substances
remain in the environment, the potential for
food contamination exists.

PROBLEMS OF REGULATING ENVIRONMENTAL CONTAMINANTS

Once an environmental contaminant is
found in food, limits are established to control
and restrict its presence. Such regulations
are set up and enforced by FDA for food
traded in interstate commerce, and by State
agencies for food produced and sold within a
State. In either case, the aim is to limit the
public’'s exposure to a particular contami-
nant.

Key factors involved in such regulation are
time and information. After a contaminant is
identified. authorities must have information

on its toxicity, the amount present in the food,
and how much and what kinds of food are
contaminated. By monitoring the food supply
for the contaminant, regulators can deter-
mine the level and extent of the contamina-
tion. With this information and necessary
toxicity data, they can establish regulatory
limits for the contaminant in food.

However, this kind of information general-
ly takes time to generate—usually longer
than the public is willing to wait in the event
of a food contamination incident. As a result,
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authorities are often pressed to set regula
tory limits before they have enough time to

develop information on the nature and extent
of the contamination.

FINDINGS AND CONCLUSIONS

This assessment has focused on two cen-
tral problems. regulating environmental con-
taminants and identifying environmental con-
taminants. Following are major findings and
conclusions growing out of this assessment.

. FDA relies on action levels rather than tol-
erances to regulate environmental con-
taminants in food.

Under the Food, Drug, and Cosmetic Act,
FDA is given authority to set tolerances for
the amount of an unavoidable contaminant
permissible in food. However, the procedures
required to set a tolerance are complex, cum-
bersome, and time-consuming. Therefore,
FDA relies on action levels, informal judg-
ments about the level of afood contaminant to
which consumers may safely be exposed.

Action levels are administrative guidelines
that can be developed and promulgated more
easily and quickly than tolerances. Action
levels are used when scientific data are in-
complete. Public input is not required. They
are used when new information is likely to be
forthcoming that might alter the level. FDA is
under no constraints to review action levels
or to replace action levels with formal toler-
ances. FDA has sometimes lowered or raised
action levels as new data became available.
FDA is now in the process of lowering the
PCB tolerance.

. No policy exists defining the relative
weights to be given to the evidence when
setting an action level or tolerance.

In setting an action level or tolerance, FDA
takes into account short- and long-term tox-
icological data, available information on the
levels of the contaminant in food, the amount
of contaminated food consumed by various
population groups, the level that can be meas-
ured, and the potential impact of various ac-
tion levels or tolerances on the nationa food
supply. Generally, the more information
about a particular factor, the greater its in-

fluence. Because the amount and quality of
information available when FDA encounters
an environmental food contamination prob-
lem are inevitably unpredictable, it does not
predetermine the weighting of various fac-
tors. However, FDA maintains that the public
health factor outweighs all others in its con-
siderations.

The Food, Drug, and Cosmetic Act does not
specify the role that the costs of a regulatory
decision should play in setting a tolerance or
action level. The Act does require that FDA
take into account the extent to which a sub-
stance cannot be avoided in food production.
FDA interprets this requirement as justifica-
tion for weighing the costs of food condemned
against the health benefits derived from a tol-
erance.

. To assess human risk from exposure to
chemicals, FDA and EPA rely on already-
existing animal studies and epidemiologi-
cal evidence derived from previous hu-
man exposur es,

When a new environmental contaminant is
discovered in food, regulatory agencies are
under intense pressure to act to protect the
public. FDA and EPA (if the contaminant is a
pesticide) review the available literature on
the contaminant and calculate an action level
based on that evidence. Rarely are new
studies commissioned—even when the data
are inadequate.

New human epidemiological studies and
conventional 2-year animal studies are of lit-
tle immediate help because so much time is
required to generate results. However, toxi-
cologists have developed a variety of tests
that can evaluate a substance's possible toxic
effects in 90 days or less. Some of these short-
term tests measure the potential of a sub-
stance to produce mutations and possible
cancer,
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Short-term tests could be used more widely
in screening environmental contaminants to
determine whether they are mutagens or po-
tential carcinogens. Although the results of
such tests do not provide the data needed to
set an action level or tolerance, they still can
alert regulators to latent dangers that re-
quire further investigation.

Conventional 2-year animal studies (which
usually entail an additional year for data
analysis) would continue to serve an impor-
tant role in the setting of tolerances. If data
from a carcinogen bioassay are available at
the time an environmental contaminant is dis-
covered in food, the information can prove
crucial in reaching a regulatory decision. If
data were nonexistent or inadequate, a newly
commissioned carcinogen bioassay could be
used to revise an initial action level.

Epidemiological studies would remain use-
ful for confirming suspected chronic effects
of a toxic substance to which a population
has unknowingly been exposed over a period
of time. They can aso confirm retrospectively
or refute the adequacy of regulatory actions.

No currently available toxicological testing
methods or statistical interpretation tech-
niques are adequate for evaluating the com-
bined effects of low-level exposure to toxic
substances. Indeed, there are no satisfactory
techniques for testing the interactions of
more than two substances.

. Current monitoring at both Federal and
State levels is regulatory, designed to en-
sure that substances in food do not exceed
prescribed limits. Little effort is made to
detect and identify substances in the food
supply for which no action levels or toler-
ances exist.

Technology now exists that would make
possible a national investigatory monitoring
system to detect unregulated chemicals as
they enter the food chain. Such advanced
technology is available in some Federa regu-
latory monitoring laboratories and in a lim-
ited number of State labs. It is not routinely

54-515¢g - 19 _ 3

employed in Federal or State regulatory moni-
toring.

The goa of food monitoring is to protect
consumers by determining short- and long-
term trends in the levels of various chemicals
in food and the environment. Investigatory
monitoring could be designed to complement
aready-existing regulatory monitoring. Each
of these approaches could be complemented
by specimen banking-the regular collection
and storage of samples that could be later
analyzed if a new contaminant is found in
food. EPA and the National Bureau of Stand-
ards are now working towards developing
such a specimen-banking program.

However, food sampling may not be the
best approach to investigatory monitoring. To
discover a substance as it enters the environ-
ment and before it gets into the human food
supply, it is necessary to monitor water, soil,
air, river sediments, and nonfood organisms.

. Management of food contamination inci-
dents is hindered by the complexity of the
food system, the rapidity with which food
is moved through the system, and failures
by State and Federal agencies to coordi-
nate their information-gathering activ-
ities.

Many food contamination incidents initial-
ly fall under State jurisdiction. Technicaly,
the Federal Government does not become in-
volved unless requested by a State or until
contaminated food enters interstate com-
merce. This country’s food marketing system
is complex. Most food produced or processed
within a particular State is distributed for
consumption in other States. Thus, most envi-
ronmental contamination incidents are likely
to become interstate problems. Figure 1 illus-
trates the extent of food contamination that
can occur from a single source of contamina-
tion, in this case PCB-contaminated animal
feed from a meatpacking plant in Billings,
Mont.

The number of State and Federal agencies
involved complicates the generation and dis-
semination of scientific information on the
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toxicological and chemical properties of the
contaminant, the amount and type of food
contaminated, and the concentration of the
substance in food. At least three Federal
agencies (EPA, FDA, and the U.S. Department
of Agriculture (USDA)), each with different
responsibilities, may provide technical assist-
ance. At the State level, departments of
health, agriculture, and the environment may
share accountability for regulating environ-
mental contaminants in food.

In the absence of a clear authority to coor-
dinate activities of various agencies, the po-

tential exists for breakdowns in communica
tion. This was the case in the recent PCB con-
tamination of animal feeds in 10 Western
States. The Idaho Department of Agriculture
did not inform the ldaho Department of
Health and Welfare of the PCB contamina
tion. USDA would report the results of its in-
vestigations only to the Idaho Department of
Agriculture. EPA attempted to determine the
source of the PCBs by analyzing air and wa-
ter samples, but failed to report its negative
results to the State.

CONGRESSIONAL OPTIONS

There are four basic options for Congress
to consider regarding the Federa response to
the environmental contamination of food.
Each is discussed in greater detail in chapter
IX. Congress can:

1. Allow the present system to continue by
taking no action. The present system
consists of regulatory monitoring and
the establishment of action levels (and
occasionally tolerances) for environmen-
tal contaminants in food.

2. Amend the Food, Drug, and Cosmetic
Act to specifically address the unique
problems posed by environmental con-
tamination of food.

3. Establish a nationa investigatory moni-
toring system.

4. Improve the Federal response to new
contamination problems by designating
a lead agency or establishing a center to
orchestrate the delivery of Federa as
sistance to affected States.

Option 1
Maintain the present System

Pros. There are two principal advantages
in maintaining this system. No additional ap-
propriations or legislation are required. No
changes in existing regulations are neces-
sary.

Cons: The time needed to identify an envi-
ronmental contaminant in food and take cor-
rective action would not be shortened if the
current system were retained. Moreover, ac-
tion levels and tolerances permit a certain
level of contaminant to be present in food. If
tolerances or action levels are not reduced,
little effort will be made to eliminate the con-
taminant. There is no requirement for review
of an action level once it is established. Thus,
FDA is under no pressure to actively seek out
new data to verify the appropriateness of an
existing action level. Finally, States have no
clearly defined authority to turn to when they
suspect environmental contamination of food.

Option 2
Amend the Food, Drug,
and Cosmetic Act

An amendment to the Food, Drug, and Cos-
metic Act could contain one or more of the
following changes. Each change is discussed
in greater detail in chapter 1X.

. Congress could amend the Food, Drug,
and Cosmetic Act to simplify the admin-
istrative procedure for setting toler-
ances. The change could be modeled
after section 553 of the Administrative
Procedures Act. This would encourage
FDA to move from action levels to toler-
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ances, thusbringing more public partici-
pation into the process,

- Congress could amend the Food, Drug,
and Cosmetic Act to require the estab-
lishment of a tolerance within a speci-
fied time after the setting of an action
level. This would encourage the FDA to
gather additional information on a con-
taminant’s toxicity and the public’'s ex-
posure. It would result in a definitive tol-
erance that FDA could enforce with less
concern over legal challenge.

- Congress could clarify to what extent
economic criteria can be used in setting
tolerances for environmental contami-
nants in food,

- FDA could be granted authority to set re-
gional tolerances. This would provide
FDA with flexibility to set different
levels for different regions based on ex-
pected levels of exposure, regional levels
of contamination, and local eating pat-
terns.

Pros. Since its passage in 1938, the Food,
Drug, and Cosmetic Act has been amended
several times to deal with new problems of
food regulation. Congress has never directly
addressed the environmental contamination
of food. There are several unique character-
istics of this problem that could be clarified
through an amendment dealing specifically
Witg the environmental contamination of
food.

Cons. Even though the Food, Drug, and Cos-
metic Act does not contain provisions on envi-
ronmental contaminants, FDA has been able
to regulate them through interpretation of
sections 402 and 406.

Option 3
Establish an Investigatory
Monitoring System

Congress could establish a national investi-
gatory monitoring system based on monitor-
ing for either suspected or uncharacterized
environmental contaminants. Some chemi-
cals are not regulated by action levels or tol-
erances but are suspected to be dangerous to

humans if consumed in food. Uncharacter-
ized environmental contaminants are sub-
stances that may have entered the food sup
ply, but are not regulated or suspected food
contaminants. A system that combines ele-
ments of both approaches could also be set
up. Because any of these monitoring ap-
proaches would require some research and
development before going into full operation,
Congress could choose to establish a pilot pro-
gram. Such a program would spur research
and development and assess the feasibility
and cost effectiveness of the various ap-
proaches.

Pros. Investigatory monitoring would in-
crease the probability of detecting unregu-
lated substances in food. Present food-moni-
toring efforts are not designed to detect
unregulated environmental contaminants in
food. The limited amount of investigatory
monitoring that does exist is primarily con-
cerned with trace metals. To identify new
contaminants as they enter the food supply,
more of thistype of monitoring is needed.

Cons. The costs of setting up an investiga-
tory monitoring program could be large, and
there is no certainty that the sampling plan
would identify all environmental contami-
nants before they enter the food chain. Fur-
thermore, investigatory monitoring relies on
sophisticated instrumentation that is gener-
ally not found in Federal or State monitoring
laboratories,

Option 4
improve Federai Response to
New Contamination Incidents

The Federal response to new contamina-
tion problems has been hampered by the mul-
tiplicity of agencies with regulatory or mon-
itoring responsibilities for the environment
and for food. Congress could designate a lead
agency or establish a center to orchestrate
delivery of Federal assistance to affected
States.

Pros. With a clearly delineated agency or
center, States suspecting contamination of
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food would have one reliable Federal source
for generating, evaluating, and disseminating
technical information. Response time might
be shortened, duplication of effort reduced,
and effective management of the incident en-
hanced.

Cons. Better coordination among FDA,
USDA, and EPA could accomplish the same
goals without the expense of establishing a
new research center. Historically, the major
impediment to timely Federal response to
chemical contamination of food was lack of
awareness that food contamination had taken
place. When contamination became apparent
and one or more Federal agencies were
alerted, response was rapid. Furthermore,
establishment of a lead agency or a new cen-

ter would not ensure that information would
be generated more quickly than is now the

case. . . .

Options 2 through 4 are not mutually ex-
clusive. If Congress wishes to put greater em-
phasis on protecting consumers from contam-
inated food, one or more could be chosen. For
example, Congress could decide to simplify
the administrative procedures for setting
tolerances (Option 2), require the setting of a
tolerance at some specified time after an ac-
tion level is set (Option 2), establish a pilot
program of investigatory monitoring for or-
ganic chemicals (Option 3), and designate
FDA the lead agency to deal with new con-
tamination problems (Option 4).
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Chapter Il

Environmental Contamination of Food

Maintaining an adequate, safe food supply has been a mgjor goa of the Fed-
era Government since 1906, when the first Federal food and drug law was signed
into law. Historically, chemicals such as salt, sugar, and wood smoke have been
used to preserve foods. Modern food technology relies extensively on the use of
chemicals not only for preservation but also to produce appealing colors, flavors,
aromas, and textures.

Most developed countries now have food laws designed to permit the use of
such chemicals in food under conditions judged to be safe. These chemicals are
not considered adulterants or contaminants and are classed as intentional addi-
tives. Other chemicals may enter food as a result of their use in food production,
handling, or processing. Such substances maybe legally permitted if they are un-
avoidable under good manufacturing practices and if the amounts involved are
considered safe. These chemicals are classed as incidental additives. The pres-

ence of both these classes of chemicalsin food is controlled by regulation.

Environmental contaminants include sub-
stances from natural sources or from indus-
try and agriculture. Many of the naturally oc-
curring contaminants in food are of microbio-
logical origin and consist of harmful bacteria,
bacterial toxins, and fungal toxins. (Aflatox-
in, a contaminant of peanuts and grains, is an
example of a fungal toxin or mycotoxin. ) The
second category of environmental contami-
nants includes organic chemicals, metals and
their complexes, and radionuclides. Only
those environmental contaminants intro-
duced into food as a result of human activities
such as agriculture, mining, and industry are
considered in this assessment.

The environmental contamination of food is
a result of our modern, high-technology soci-
ety. We produce and consume large volumes
of a wide variety of substances, some of
which are toxic. It is estimated that 70,000
chemicals may currently be in commercial
production in the United States and that 50 of
these chemicals are manufactured in quanti-
ties greater than 1.3 billion Ibs per year.
Seven percent of this country’s gross national
product (GNP), $113 billion per year, is gener-
ated by the manufacture and distribution of

chemicals (l). During the production, use, and
disposal of these substances, there are oppor-
tunities for losses into the environment. For
example, the Environmental Protection Agen-
cy (EPA) estimates that there are more than
30,000 chemical and radioactive waste dis-
posal sites. Of these, 1,200 to 2,000 are con-
sidered threats to human health (2).

Environmental contamination of food takes
two forms: long-term, low-level contamination
resulting from gradual diffusion of persistent
chemicals through the environment, and rela-
tively shorter term, higher level contamina-
tion stemming from industrial accidents and
waste disposal.

An example of low-level contamination is
polychlorinated biphenyls (PCBs). This group
of substances was widely used in transform-
ers and capacitors, as heat-transfer fluids,
and as an additive in dyes, carbon paper, pes-
ticides, and plastics (3). Although production
was halted in 1977, PCBs remain an ubiqui-
tous, low-level contaminant of many foods, es-
pecially freshwater fish.

An example of the second type of contami-
nation is polybrominated biphenyls (PBBS) in

15
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dairy products and meat. PBBs, a fire retard-
ant, were accidentally mixed into animal
feed. Dairy cattle that were fed the contami-
nated feed produced contaminated milk. The
distinctions between the two types of food
contamination are not exclusive. For exam-
pie, PBBs have now become a long-term, low-

level contaminant in Michigan because they
are very stable and resistant to decay. Ani-
mals raised on farms affected by the original
feed contamination are now contaminated by
the PBB residues remaining in the pastures
and farm buildings.

HOW FOOD BECOMES CONTAMINATED

Chemicals contaminate foods through dif-
ferent routes depending on the chemica and
its physical properties, its use, and the source
or mechanism of contamination.

Organic substances that have contami-
nated food have been either industrial or
agricultural chemicals. Pesticides are the
only agricultural chemicals known to be en-
vironmental contaminants in food (see tables
1-3). A pesticide becomes an environmental
contaminant when it is present in foods for
which the application or use of the substance
has not been approved. Livestock, poultry,
and fish can be contaminated when applica-
tion or manufacturing of pesticides occurs in
the vicinity or when residues are transported
through the environment. Improperly fumi-

©ated railroad cars, trucks, ships, or storage
lbuildings used for transport or storage of
lhuman food and animal feed are also sources
of environmental contamination. The interi-
ors are sprayed or fumigated with pesticides,
iand if not sufficiently aired, contamination of
the food or feed occurs.

The manufacture of organic chemicals pro-
duces sludges, gases, and liquid effluents of
varying chemical complexities. The usual
waste disposal methods (sewage systems, in-
«cineration, landfill) are unable to prevent or-
iganic residues from entering the environment
iin spite of Federal laws and corresponding
regulations governing disposal. The routes in-
clude the atmosphere, soil, and surface or
ground water.

Table 1.— Reported Incidents of Food Contamination, 1968-78, by State and Class of Contaminant

State Pesticide

....... . .. 1
ldaho. . . . . . . . . . .. 1
South Carolina. . . ..........

Minnesota
Louisiana
Colorado. . . ... .........
Georgia. . . . . . . . .. ..
Maryland. . . . . . . . .
Texas
New Jersey. .. .............

N I N

Kansas
Missouri
New .
Alaska. . . . . . . . . . . (
California . 1
Indiana 3 well-documented
5 other incidents
M i ¢ h i g a n . 13
Virginia, . 1

56

I~

-

e

Totals

“Several conservatively estimated as one
SOURCE Of fice of Technology Assessment

Mercury PCB PBB Other Total
1 1 - — 3
2 — 3
- - 1-biphenyl 1
1 — - 1
5 4 - — 17
1 - — 2
— — - — 15
1 — - 2-petroleum 3
1 — - 1
1 — — 1-B-methoxy napthalene 4

and tetraline
(1y* - - (°
- — — - 4
1 - - — 1
— _ _ o (1)*
3 — — — 4
— 1 — — 9
1 2 1 — 17
— - — — 1
19 8 1 4 88
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Table 2.— Reported Incidents of Food Contamination, 1968-78, by State and Food

Fruit/ Game/meat/

State Dairy Eggs Vegetable Fish/shellfish Grain poultry Incidents
New York ............ ... ... — — — 3 — — 3
Idaho. . ........ ... ... ... .. 1 — — 1 — 1 3
South Carolina. ............. — — — — 1 1
Minnesota . ........ ... . ... — — — 1 — 1
Louisiana.................. 1 1 9 1 17
Colorado. . ................. 13 — 1a — — 23
Georgia. . ............. ..., - — 15 — — 15
Maryland. .. .......... ... ... — — —_ 3 — 3
Texas .................. ... — — — 1 — — 1
New Jersey. . ......... ... ... — — 2 2 — — 4
Kansas .......... ... ... .. .. — — — — 1 1
Missouri................ ... 4 — — — — 4
New Mexico........ ..... ... — — — — — 1 1
California.................. — — 1 2 — 1 4
Indianab . ... ... .. ... .. 1 2 — - — 1 9
Michigan.............. ... .. 7 — 2 4 — 4 17
Alaskas. .. ... ... ... .. ... .. — — — — — 1
Virginia. .............. ... .. — — — 1 — 1

Totals ................ ... 19 3 22 27 3 8 88

aDieldrin contamination of milk and lettuce. reported as one incident
Five additional incidents, but not weli documented

CSeveral pesticide incidents. but not well documented. therefore conservatively estimated as one

SOURCE Office of Technology Assessment

Table 3.— Number of Incidents of Environmental Contaminants of Food Reported by Federal Agencies, 1968-78

Agency Pesticides Mercury PCB’s Other
USDA/FSQS 39 - - -
_ ! — _
— _ 6 —
- - - 1 (Phenol)
FDA 21 — - -
_ 84 _ _
_ _ 3 _
Total. 60 85 9 1

SOURCE Off Ice of Technology Assessment

Metals can be released into the environ-
ment in several ways. The mining and refin-
ing processes produce dust and gases which
enter the atmosphere. Metallic salts formed
during recovery and refining processes can
escape as waste products into surface and
ground water. Sewage sludge used as fertiliz-
er on agricultural land also poses a potential
food contamination problem. Trace metals
present in the sludge can be taken up by
crops grown on treated soil. Cadmium is the
trace metal in sludge that currently gener-
ates the greatest concern.

Radioactivity in food stems from three
sources: natural radioactivity. releases from

Food affected

Chickens, turkeys. ducks. cattle, swine, lambs
Swine

Poultry

Cattle

Fish. cheese, pasta

Fish

Fish, eggs, bakery products

operation of nuclear reactors and processing
plants, and fallout from nuclear weapons
tests. The primary route by which food be-
comes contaminated is the deposition of air-
borne material on vegetation or soil. The sub-
sequent fate of the radionuclide is deter-
mined by its chemical and physical nature
and whether it is absorbed and metabolized
by plants or animals. Natural radioactivity
may become a concern when ores containing
radioactive substances are mined and proc-
essed. The products or wastes may concen-
trate the radionuclides. Examples of this are
uranium tailings, phosphate rock waste, or
slags from phosphorus production. Radium
may enter the food chain when it dissolves in
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ground water and is taken up through plant
roots.

Nuclear reactors normally release radio-
active noble gases that do not contaminate
foods. Reactors do contain large inventories
of fission products, transuranics, and other
activation products. Accidental releases can
contaminate vegetation by deposition of parti-
cles on leaves and soil, or through water. Gas-
eous releases would most likely involve the
volatile elements such as iodine and tritium,
or those with volatile precursors, such as
strontium-90 and cesium-137. Aqueous re-
leases would follow failure of the onsite ion
exchange cleanup system. Any of the water-
soluble elements could be involved. Table 4

summarizes the radionuclide contaminants of
significance for foods.

Nuclear waste-processing plants could
also have either gaseous or aqueous releases.
In this case, the fission products are aged
before processing, and iodine and the gas-
eous precursor radionuclides are not re-
leased. Tritium and carbon-14 are the major
airborne products, while the waterborne ra-
dionuclides are the same as for reactors.

Atmospheric nuclear weapons tests dis-
tribute their fission products globally. Local
deposition depends on the size of the weapon
and the conditions of firing (high altitude, sur-
face, or underground).

Table 4.— Radionuclide Contaminants of Significance for Foods

Element or nuclide Source Emission
vramum ... .. 000 Natural T T T T
Thorium............. Natural «@
Radium-226.......... Natural @
Radium-224. . ... ... .. Natural @
Polonium-210........ @
Lead-210 ............ Natural 3
Plutonium........... Transuranic a(***Pu, ***Pu
activation product 240Py)
ﬂj(“'PU)
Americium . ......... Transuranic a(**'Am)
activation product
Tritium. .. ........... Natural, also from nuclear g
reactions
Carbon-i4........... Natural, aiso from nuciear §
reactions
lodine-131........... Fission products B3,y
Strontium-89and-90 .. Fission products I
Cesium-134. ... .. .. .. Reactor product 3,
Cesium-137.. ... .. ... Fission product
Mixed fission products Fission products By
Iron-59, chromium-51,
zinc-65, cobalt-60,
cobalt-58,
manganese-54,
sodium-22,
phosphorus-32...... Activation products By

SOURCE: N. H. Harley, " Analysis of Foods for Radioactivity.” OTA Working Paper, 1979

Normally present in small amounts, Significant only when
enhanced

Normally present in small amounts

Member of uranium series. Normally present, metabolized
somewhat like calcium

As radium-226, only a member of thorium series

Members of uranium series

Normally present

Product of nuclear reactions

Product of *’ Pu decay

Low energy, usually in form of water or organic
compounds

Low energy, usually in form of organic compounds

Short half-life, so important only for fresh foods, e.g., milk
and leafy vegetables

Follows calcium somewhat in metabolism

Follows potassium somewhat in metabolism

Most important are isotopes of zirconium, cerium, barium,
rubidium, rhodium. Mostly surface contaminants

Follow stable elements in metabolism
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MAGNITUDE OF THE PROBLEM

There is little information available on the
number of food contamination incidents, the
amount and costs of food lost through regula-
tory actions, or the effects of consumption of
contaminated food on health. To obtain infor-
mation on the extent of the problem, OTA re-
viewed the literature and sought information
from the States and Federal agencies.

Evidence of Human lliness
Resulting From Consumption of
Contaminated Food

In evaluating the significance of environ-
mental contaminants in food the key question
is whether consumption of contaminated
foods poses a health risk. Measurable health
effects depend on the toxicity of the sub-
stance, the level at which it is present in food,
the quantity of food consumed, and the vul-
nerability of the individual or population. In
Japan, foods contaminated with substances
such as PCBs, mercury, and cadmium have
produced human illness and death. No such
mass poisonings have occurred in the United
States. However, in cases such as PBBs
where a large populace has been exposed,
some physiological changes have been noted.
But no conclusions can as yet be drawn on the
ultimate health effects.

It is known from limited surveys that the
U.S. population is exposed to a wide variety
of chemical contaminants through food, air,
and water. The long-term health effects and
the implications of possible interactions
among these residues are unknown. A recent
literature review of over 600 published
studies (4) found that nonoccupationally ex-
posed U.S. residents carry measurable resi-
dues of 94 chemical contaminants. Twenty-
six of these are organic substances, including
twenty pesticides and pesticide metabolizes.
The remainder are inorganic substances.

Americans also have been exposed to low
levels of PCBs, PBBs, mercury, and ionizing
radiation through their food. The following
sections briefly summarize current knowl-

edge and the extent of uncertainties on the
health effects of these environmental con-
taminants.

Polychlorinated Biphenyls

PCBs occur in food as the result of environ-
mental contamination leading to accumula-
tion in the food chain, direct contact with
food or animal feeds, or contact with food-
packaging materials made from recycled pa-
per containing PCBs (5). Several comprehen-
sive literature reviews have been published
in the last 5 years detailing the acute and
chronic toxic effects of PCBs in animals and
humans (5-1 1).

Human illness has been caused by expo-
sures to PCBs at much higher levels than
those that occur in the United States. In the
early part of 1968 the accidental contamina-
tion of edible rice-bran oil led to a poisoning
epidemic among the Japanese families who
consumed the oil. The disease became known
as Yusho or rice-oil disease. Its chief symp-
toms were chloracne (a severe form of acne)
and eye discharge; other symptoms included
skin discoloration, headaches, fatigue, ab-
dominal pain, menstrual changes, and liver
disturbances. Babies born to mothers who
consumed the rice oil were abnormally small
and had temporary skin discoloration. The
first symptoms of Yusho disease were regis-
tered on June 7, 1968, and 1,291 cases had
been reported as of May 1975 (9).

Since the rice oil was also contaminated
with polychlorinated dibenzofuran (PCDF), it
is difficult to determine from the Yusho data
exactly what effect(s) exposure to PCBs alone
could have on humans. It has been calculated
that the PCDF made the rice oil 2 to 3.5 times
more toxic than would have been expected
from its PCB content alone (1 1). Careful rec-
ords of the 1,291 Yusho patients have been
kept to determine possible long-term effects.
At least 9 of 29 deaths that occurred as of
May 1975 were attributed to cancer (malig-
nant neoplasm), but a causal relationship be-
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tween PCBs and cancer cannot necessarily
be inferred because of the high concentration
of PCDF in the oil. The Y usho study, neverthe-
less, had two important results: first, the in-
formation established that PCBs can be trans-
ferred from mother to fetus and from mother
to child through breast feeding, and second
highly chlorinated PCB compounds are ex-
creted more slowly from the body than less
chlorinated ones (9).

More recent experiments in animals have
demonstrated a variety of toxic effects.
Cancers have been produced in mice and rats
fed PCBs (6, 12). Monkeys fed levels of PCBs
equivalent to the amounts consumed by Yu-
sho patients developed similar reproductive
disorders (13-16). Young monkeys nursing on
mothers consuming feed containing PCB de-
veloped toxic effects and behavioral abnor-
malities (15-1 7),

Polybrominated Biphenyls

Practically every Michigan resident has
been exposed to PBB-contaminated food prod-
ucts. It is estimated that some 2,000 farm
families who consumed products from their
own PBB-contaminated farms have received
the heaviest exposure (18).

Fries (19) studied the Kkinetics of PBB ab-
sorption in dairy cattle and its elimination in
milk, If intake of contaminated milk alone is
considered, those Michigan residents most
severely exposed consumed from 5 to 15
grams of PBB over the initial 230 days of the
exposure. Those residents that coincidentally
consumed contaminated meat and/or eggs
may have received higher total doses of PBB,
but the number of such cases is probably
small,

Geographically the residents of the lower
peninsula, where the original accident oc-
curred, were found to have the greatest levels
of exposure. In 1976, the Michigan Depart-
ment of Public Health conducted a study on
PBB concentrations in breast milk. It was
found that 96 percent of the 53 women
selected from the lower peninsula and 43 per-
cent of the 42 women selected from the upper

peninsula excreted PBB in their breast milk
(20).

Low concentrations of PBBs also have been
detected in animal feed in Indiana and Illi-
nois. Unconfirmed surveys of food throughout
the country found extremely low levels below
the Food and Drug Administration (FDA) ac-
tion level in the following States (21):

State Food
Alabama. ., ........... Chicken
Indiana. .............. Turkey
lowa, ..., ..oovvvnnn.. Beef
Mississippi. .. ......... Chicken
New York . , . Chicken
Texas.......coovvn... Chicken
Wisconsin............ Duck

Wolff, et al. (22) reported that serum PBB
was higher for males than females. It was
suggested that the greater proportional body
fat in women may account for this difference,
but exposure may also be important. Males
may consume more contaminated food or
have more direct contact with PBB than
females.

The same study found no consistent trends
with respect to age. It was observed, how-
ever, that young males had greater concen-
trations of serum PBB than young females.
Young females had greater concentrations
than older males, and older males had
greater concentrations than older females. It
was also found that very young children and
individuals who had lived on farms less than
1 year had lower serum PBB levels than other
groups (22),

Serum PBB concentration is related to the
intensity of exposure. Most studies indicate
that consumers and residents of nonquaran-
tined farms had significantly lower PBB lev-
els than residents of quarantined farms; how-
ever, families on quarantined farms stopped
consuming meat and milk from their own ani-
mals (20),

In late 1974, the Michigan Department of
Public Health conducted a survey to deter-
mine if any adverse effects could be corre-
lated with PBB levels in the body, A sample of
165 exposed persons (quarantined farms)
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and 133 nonexposed (nonquarantined farms)
was studied. Medical history interviews and
physical examinations were performed on
each subject and blood specimens were
taken, Blood PBB levels as high as 2.26 parts
per million (ppm) were found in the exposed
individuals; about half exhibited levels
greater than 0.02 ppm. Of the nonexposed in-
dividuals, only two showed blood PBB levels
greater than 0.02 ppm; 70 percent of the
adults and 97 percent of the children exhib-
ited levels of 0.0002 to 0.019 ppm. Compar-
ison of a list of selected conditions and com-
plaints revealed no significant differences in
the frequency of illness between the two
groups. Physical examinations and clinical
laboratory tests disclosed no effects attrib-
utable to “chronic” PBB exposure (24).

The effect of PBB exposure on white blood
cell (lymphocyte) function of Michigan dairy
farmers who consumed contaminated farm
products was examined by Bekesi, et al. (25).
Forty-five members of Michigan farm fami-
lies who had eaten PBB-contaminated food
for periods of 3 months up to 4 years after the
original accident were compared for immuno-
logical function to 46 Wisconsin farmers and
79 New York residents. All of the exposed in-
dividuals showed reduced lymphocyte func-
tion, and 40 percent showed abnormal pro-
duction of lymphocytes. There were also sig-
nificant increases in lymphocytes with no de-
tectable surface markers (“null” cells). How-
ever, the short- and long-term health implica-
tions of these differences are not now known.

Lillis (20) examined Michigan farmers and
consumers of dairy products and found that
the effect of PBB on humans was mainly neu-
rological in nature. He found marked fatigue,
hypersomnia, and decreased capacity for
physical or mental work. Other symptoms in-
cluded headache: dizziness: irritability; and
mysculoskeletal, arthritis-like complaints—
swelling of the joints with deformity, pain,
and limitation of movement. Less severe gas-
trointestinal and dermatological complaints
were also encountered.

Mercury and Methylmercury

Foods are the major source of human expo-
sure to mercury. The mercury concentration
in food is dependent on the type of food, the
environmental level of mercury in the area
where the food is produced, and the use of
mercury-containing compounds in the agri-
cultural and industrial production of the food.
All living organisms have the ability to con-
centrate mercury, Therefore, all animal and
vegetable tissues contain at least trace
amounts (26). Several recent reviews have ex-
amined the health effects associated with
consumption of mercury (26-28). The results
of these reviews indicate that the effects of
methylmercury poisoning become detectable
in the most sensitive adults at blood levels of
mercury of 20 to 50 pg/100 ml, hair levels
from 50 to 120 mg/kg, and body burdens be-
tween 0.5 and 0.8 mg/kg body weight (26).

Since the Minamata Bay tragedy in Japan,
the effects of chronic exposure to methylmer-
cury have been well-documented. Mercury
readily accumulates within the central nerv-
ous system (29-3 1), and clearance of mercury
back into the bloodstream is slow (32). Conse-
guently, the central nervous system is consi-
dered to be the critical target in chronic mer-
cury exposure. The clinical symptoms of cen-
tral nervous system involvement include
headache, vertigo, vasomotor disturbance,
ataxia, and pain and numbness in the ex-
tremities (30). The most prominent structural
changes of the central nervous system result-
ing from chronic mercury exposure are dif-
fuse cellular degeneration (30).

In evaluating the teratogenic hazards of
mercury exposure to man, the placental
transfer of mercury is particularly signifi-
cant. Levels that are not toxic to pregnhant
women are sufficient to produce birth defects
in their offspring (33-35). Transfer of methyl-
mercury across the human placenta results
in slightly higher blood levels in the infant at
birth than in the mother (36). Table 5 com-
pares fetal and maternal blood concentra-



22 . Environmental Contaminants in Food

Table 5.— Methylmercury Concentrations in
Normally Exposed Populations

Concentration (ug Hg/g)

Location Maternal blood Placenta Fetal blood
Japan .- 010.017 0.072 0.020
Sweden . ..... 0.006 - 0.008
Tennessee. . . 0.009 0.021 0.011
lowa. . . . . 0.001 0.002 0.001

SOURCE Adapted from B J Koos and L D Longo " Mercury To; ;c;tym the
Pregnant Woman, Fetus, and Newborn Infant “ AmericanJournalof
Obstetrics and Gynecology 126(3) 390, 1976

tions in normally exposed populations in
Japan, Sweden, and the United States,

In humans, the most widely reported fetal
risk associated with maternal exposure to
mercury is brain damage. The placental
transfer of mercury and its effects on the
human fetus were first recognized in the
1950's with the well-known outbreak of con-
genital Minamata disease in the towns of
Minamata and Niigata, Japan. By 1959, 23 in-
fants suffering from mental retardation and
motor disturbances had been born to mothers
exposed to methylmercury during their preg-
nancies. The clinical symptoms of the infants
resembled those of severe cerebral palsy or
cerebral dysfunction syndrome. They in-
cluded disturbance of coordination, speech,
and hearing; constriction of visual field; im-
pairment of chewing and swallowing; en-
hanced tendon reflex; pathological reflexes;
involuntary movement; primitive reflexes; su-
perficial sensation; salivation; and forced
laughing (30). Only 1 of the 23 mothers exhib-
ited any symptoms of mercury poisoning (32).

Radioactivity

lonizing radiation (X-rays, gamma rays, or
beta particles with sufficient energy to strip
electrons from molecules and produce ions)
can produce birth defects, mutations, and
cancers (37). These adverse health effects
are usually associated with high dose levels
delivered at high dose rates.

Such a combination is not ordinarily en-
countered in food. Previous radioactive con-
tamination of foods has involved relatively
small quantities of radioactive elements
which have delivered low dose rates (38).

In these situations, the effects of the radia-

tion exposure on health are extremely diffi-
cult to evaluate. High dose rates (100 million
to 1 billion times background) are estimated
to produce 2,600 ionization events per second
in cells. Background radiation levels are esti-
mated to produce less than one ionization in
the cell nucleus per day (37). Because cells
have the capacity to repair damage to their
genetic material, repair of ionization damage
may occur at low radiation exposure. Higher
exposures may overwhelm the cells’ repair
capacity. Whether any effects are observed
in such cases depends on several factors.
These include the dose delivered to the tis-
sues, the nature of the emissions, and the me-
tabolism of the cell. The following examples
illustrate these points:

e Strontium-90 in food arouses most con-
cern not only because of its long half-life
but also because it behaves in the body
in a manner somewhat similar to calci-
um. The replacement of bone calcium
with strontium-go exposes tissues and
cells covering the bone to radiation, In
addition, bone marrow is subject to the
ionizing radiation from the strontium-go.
Thus, cancer of the bone-forming and
bone-covering tissue as well as leuke-
mias of the bone marrow blood-forming
cells can possibly result.

¢ |odine is concentrated by the thyroid
gland. Radioiodines produced in atmos-
pheric nuclear detonations or released
from nuclear power stations are also
taken up and concentrated by the thy-
roid, increasing the risk of thyroid
cancer.

e Tritium, or radioactive hydrogen, com-
bines chemically with oxygen to form
water. Tritium derived from food would
be widely distributed throughout the
body exposing all tissues to radiation.

The uncertainties surrounding the repair
capacities of cells and the irreversible nature
of the possible health effects have led to the
adoption in the United States of a prudent
policy toward low-level ionizing radiation.
Since any amount of radiation is potentially
harmful, unnecessary exposure should be
avoided.
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Number of Food Contamination
Incidents

Questionnaires were mailed to the commis-
sioners of health in each of the 50 States and
the District of Columbia as well as to Federal
agencies. For the 10-year period 1968-78,
each was asked to report on the number of in-
cidents of environmental contamination of
food that resulted in regulatory action. This
survey has limitations. Some States did not
answer all questions. The questions were
subject to interpretation and misunderstand-
ing. The accuracy and completeness of the
answers were dependent on the respondent.
The results presented are therefore prelimi-
nary and do not necessarily represent com-
plete and comprehensive information on all
States responding. Nonetheless, these data
are the first to be developed on the extent of
environmental contamination of food.

Responses were received from 32 States.
Seven of the top ten agricultural States and
six of the top ten manufacturing States re-
sponded to the questionnaire, The agricultur-
al States in the top 10 were California, Texas,
Minnesota, Nebraska, Kansas, Indiana, and
Missouri. The manufacturing States in the
top 10 were California, New York, Michigan,
New Jersey, Texas, and Indiana. Three of
these States—California, Texas, and Indi-
ana—are in the top ten for both agricultural
and manufacturing production. A fairly rep-
resentative distribution of States responded
from each region of the United States (figure
2).

In the following discussions, an incident is
defined as a case in which a Federal or State
agency has taken regulatory action against
contaminated food, The Michigan PBB epi-
sode is reported as one incident because the
contamination stemmed from one source and
was limited to one State. Mercury contami-
nation is reported as separate incidents be-
cause the sources differed (environmental
mercury V. industrial waste), the States in-
volved are widely separated, and regulatory
actions were taken at different times, Eight-
een States reported at least one environmen-

S6=515 0 - 79 - 3

tal contaminant incident since 1968 for a
total of 88 incidents. All food categories were
involved and a variety of substances were im-
plicated (see tables 1-3).

The data provided by States are comple-
mented by the Federal responses. The two
Federal agencies responsible for regulating
the Nation’s food supply reported the number
of environmental contamination incidents
that they had identified since 1968. FDA had
108 reported incidents, and the Food Safety
and Quality Service of the U.S. Department of
Agriculture (USDA) had 47 reported inci-
dents (see table 3). The combined Federal and
State total number of incidents comes to 243.

Neither State nor Federal responses indi-
cated any significant radionuclide contam-
ination episodes during the 1968-78 period.
Extensive Government programs for monitor-
ing radionuclides in food exist. Thus far, ra-
dionuclide contamination of food has not been
found to exceed the exposure limits recom-
mended in the Federal Radiation Council Pro-
tective Action Guides. In most cases, the
amount of food contamination in the conti-
nental United States has never even ap-
proached these limits (39), While atmospheric
nuclear testing is less a threat today than
before the signing of the 1963 Test Ban Trea-
ty, radionuclide contamination of food is still
a concern of both Federal and State govern-
ments.

The number of food contamination inci-
dents reported to OTA does not represent the
total number that has occurred in the United
States, only those in which the Federal Gov-
ernment and 18 State governments have ta-
ken regulatory action. Many incidents never
come to the attention of State or Federal
authorities. This is because local government
officials can and do handle environmental
contaminant incidents by warning offenders
or by condemning contaminated products
without informing the appropriate State offi-
cials. Also, the farmer whose livestock or
poultry has been environmentally contami-
nated may negotiate directly with the firm re-
sponsible for the contamination for financial



Figure 2.—Distribution of States Responding to Questionnaire

The United States would look like this if the sizes of States were proportional to their value of farm production. The shaded
States responded to the questionnaire. The States are ranked by 1974 cash receipts.
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reimbursement without reporting the con-
tamination to Federal or State officials (40).

Economic Impact

The economic impact of an incident involv-
ing the environmental contamination of food
includes the cost of condemned food, health
costs, and the corresponding distributional
effects and costs. The magnitude of the eco-
nomic impact is determined by:

e the amount of food contaminated,

® the concentration of the contaminant in
food,

e the chemical and toxicological charac-
teristics of the contaminant, and

® the corresponding regulatory action
taken on the contaminated food.

The initial regulatory action taken by Fed-
eral and State authorities may be the issu-
ance of a warning or the establishment of
either an action level or a tolerance. A more
detailed discussion of this regulatory action is
presented in chapter Ill. Action levels and tol-
erances establish a permissible level for the
contaminant in food. Any food found to con-
tain concentrations of the substances above
this level is condemned and either destroyed
or restricted from being marketed.

Costs of Food Condemned

In addition to the four factors listed above,
the cost of condemned food is also affected by
its position in the food production and mar-
keting process at the time of condemnation,
An action level or tolerance for a contam-
inant is the most important of the five factors.
If no action level or tolerance is set, no food
would be condemned and thus there would be
no costs incurred. The impact of such a reg-
ulation will depend on the exact level of a
substance that is allowed to be present in
food,

The chemical properties of a contaminant
are also important because of the potential
for long-term effects on the amount of food af-
fected. Since many contaminants biologically
and chemically degrade slowly, their pres-

ence in the environment can mean food con-
tamination above the action level or tolerance
for many years after the source of the pollu-
tion has been stopped. The James River in Vir-
ginia, for example, is still closed to commer-
cial fishing several years after kepone dis-
charges into the river have been eliminated.
The relative influence for each of these fac-
tors on the final cost will vary in each con-
tamination incident.

Estimates of the cost of food condemned
through regulatory action are most often ex-
pressed in dollars. Consequently, this cost is
usually (and incorrectly) cited as representa-
tive of the total economic impact. Such costs
were collected in OTA’s State and Federal
surveys. The data, however, only partially re-
flect the total economic impact for environ-
mental contamination of food in the United
States. This is because the cost of condemned
food is only one component of the total eco-
nomic impact of an incident. In addition, few
of the incidents reported to OTA included
data on the cost of food condemned. OTA esti-
mates from the available data that the total
cost of condemned food as a result of environ-
mental contamination in the United States
since 1968 is over $282 million (table 6). The
only cost estimates used were those clearly
stated for an incident by the reporting States
or Federal agencies.

State Estimates. —Of the 18 States report-
ing contamination incidents, only 6 provided
data on the economic impact in dollar terms.
Of those six, Michigan represents 99 percent
of the total cost ($255 million) while reporting
only 19 percent of the number of incidents in
the 18 States. Indeed, Michigan accounts for
90 percent of the total costs reported in the
United States while reporting only 7 percent
of the incidents that occurred during the
1968-78 period. It must be recognized, how-
ever, that 84 percent of Michigan’s costs are
attributed to the PBB incident. Many inci-
dents reported by State and Federal agencies
are considerably smaller than the PBB epi-
sode. Thus, the PBB episode is an indication
of how severe a contamination incident can
be.
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Table 6.—Economic Impact of Food Contamination

Reported incidents Total estimated cost ($)

State

Idaho. Dieldrin $ 100,000
PCP 3,000
Colorado. . . . Dieldrin 100
Mercury 3,700
Maryland, Mercury 23,000
Texas. . . Mercury 85,000
Indiana . Dieldrin 25,027
Dieldrin 250,000
Michigan. Mercury 10,000,000
PCB 30,000,000
PCNB 100,000
PBB 215,000,000
Picloram 12,000
Chlordane 2,500
DDT 2,000
Toxaphene 2,000
Parathion 328
Diazinon 13,700
Pentachlorophenol 28,468
PCB 150,000
Dieldrin 12,500
$255,813,323--
Federal
USDA/FSQS Pesticides 18,900,000
Mercury 63,000
PCB 7,450,000
Phenol _ 350
26,413,350

Total United States ... . . . ....... $282,226,673

SOURCE: Off Ice of T-e_c-hgnalrdé} Assessment

Some States reported the amount of food
destroyed without estimating the cost. Ken-
tucky, for example, reported the destruction
of 400,000 Ibs of milk since 1968 because of
pesticide contamination. While such informa-
tion can be converted into dollars, data on
market position and price of product at time
of confiscation are not readily available.
Many States were unable to provide any esti-
mates on either the cost or the amount of food
condemned as a result of reported contami-
nation incidents. New York (with PCBs) and
Virginia (with kepone) are two States that
could not provide cost estimates for food con-
demned as a result of environmental contami-
nation. Virginia, however, has initiated a
study to determine the economic impact of the
kepone incident.

Federal Estimates—Of the two Federal
agencies reporting information to OTA on en-
vironmental contaminant incidents, USDA’s

Food Safety and Quality Service (FSQS) re-
ported food condemnation cost estimates.
These estimates, however, only cover live-
stock and poultry—the food products over
which FSQS has regulatory authority. FDA,
which has regulatory authority over the re-
maining food commodities, did not estimate
costs for reported environmental contamina-
tion incidents (70 percent of the Federal
total). Thus, a significant proportion of the
total costs for environmental contamination
incidents requiring Federal action is un-
known. Comparison of the two agency re-
sponses with the State responses reveals lit-
tle duplication in the reporting of incidents.

FSQS cost estimates were determined by
the number of animals or pounds destroyed
multiplied by the market value at the time of
confiscation. Since most of these animals
were taken at the farm or wholesale level, the
market value was the farm or wholesale
price. Most of the losses resulting from FDA
actions would be based on a wholesale or re-
tail price because the seized products had ad-
vanced further in the marketing system.
Therefore, their estimated costs would be
greater than if they were seized at the pro-
duction level (generally the case with FSQS
seizures).

Summing up, the available data on the cost
of condemned food is limited; consequently
OTA'’s $282 million condemned-food estimate
is likely to be a gross underestimation of the
actual costs. The true cost would be impossi-
ble to estimate from this limited sample.

Health Costs

Health costs are also an important compo-
nent of economic impact. These costs are in-
curred by the consumer whose health has or
potentially can be affected adversely by a
contaminant present in food. These adverse
effects can cause illness and death, and the
range of effects will vary depending on the
toxicity of the contaminant, the concentration
of the contaminant in food, and the amount of
food consumed.
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In this country, the concentration of con-
taminants has been at levels that have not
produced immediate measurable and conclu-
sive effects in exposed populations. Estimates
are therefore made for the potential long-
term effects on exposed populations from
various contaminants in food.

Health costs can be estimated from such
projected health effects. Costs would include
health care costs for treating illness and
burial expenses associated with death. Addi-
tional costs would include estimated value of
productive days or years lost from work due
to the projected illness or death associated
with the contaminant in food. AIll of these
health-related costs, however, do not and
cannot include the emotional and psycholog-
ical impacts on those afflicted and their
friends and families.

Health costs are not available for previ-
ous U.S. food contamination incidents. Ap-
proaches and techniques for estimating
health costs are discussed in chapter VI.

Distributional Effects and Costs

Distributional effects and costs involve the
various people, groups, and organizations
who are economically affected by an environ-
mental contamination incident. Information
on the extent and distribution of such effects
and costs provides a clearer picture of the
total economic impact on society. This infor-
mation is usually couched in descriptive
terms. Those who are economically affected
are identified but the extent of the impact is
seldom estimated in dollars. The exact distri-
bution of costs from an incident through soci-
ety is affected by the same five factors that
influence the cost of condemned food.

Many of the distributional effects and
costs for various types of environmental con-
taminant incidents are discussed in the fol-
lowing sections. The purpose of this discus-
sion is not to identify all the distributional
costs but rather to demonstrate the variety of
effects and costs that can result from an inci-
dent.

Producers.— Food producers are affected
economically in different ways by contamina-
tion episodes. But all are affected directly
when the food they produce is condemned.
For example, food found contaminated at the
farm level is confiscated and destroyed. This
was the case for over 500 Michigan farmers
whose dairy herds were partially or entirely
destroyed (41). In such cases, farmers either
replace their livestock, plant a new crop, or
go out of business.

Farmers can be faced with severe econom-
ic hardship, since they are not always reim-
bursed financially for the animals or com-
modities confiscated. While insurance pro-
grams such as the Federal Crop Insurance
Corporation are available to cover natural
hazards which might destroy crops or live-
stock, such Federal assistance is not avail-
able to farmers for losses from environmental
contamination. An injured farmer can obtain
a loan at commercial rates or sue the respon-
sible firm for compensation. But the loan and
the interest add to a farmer’s financial dif-
ficulties, and suing for compensation can take
time that the farmer may not have.

The commercial fisher is faced with a dif-
ferent situation. If a river, lake, or species of
fish is restricted because of environmental
contamination, the fisher whose source of in-
come depends on this species or waterway
may have few employment alternatives. The
alternatives depend to some degree on the ex-
tent of the contamination. If the only water-
way available in a section of a State or a
whole State is closed to commercial fishing
because of the contamination, the fisher’s
source of employment is eliminated until the
restriction is ended. Since the restriction can
last for years (depending on the chemical sta-
bility of the contaminant), the fisher either
will have to move to other commercial fishing
areas or seek other employment.

Food producers economically affected by
the condemnation of contaminated food are
likely to incur health costs. This is because
many of the producers and their families reg-
ularly eat the food that they produce or har-
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vest. Consequently they are exposed to the
contaminated food at greater concentrations
than the average consumer. This was the
case for several farm families in Michigan.

Firms Held Accountable for Environmen-
tal Contamination.—In most instances blame
for a contamination incident can be estab-
lished. Those accountable are subject to fines
and lawsuits. Firms admitting responsibility
often try to settle with producers out of court
if possible. Most of the compensation is for
the economic damages stemming from the de-
struction of food or loss of employment. Com-
pensation for people whose health has been
impaired as a result of eating contaminated
food would be sought through civil litigation.
Such litigation, however, is rare in this coun-
try, since the level of contamination in food is
so low that demonstrating the necessary
cause and effect is difficult.

Fines or compensation paid by the firms
held accountable for the contamination are,
in fact, poor indicators of the true costs in-
curred by the producers. This is because the
settlement costs which are frequently negoti-
ated or imposed bear little relationship to the
actual costs incurred.

For example, compensation has been pro-
vided by Michigan Chemical Corporation and
Farm Bureau Services, Inc.,, to many of the
farmers whose livestock and poultry were de-
stroyed following PBB contamination. Mich-
igan Chemical and Farm Bureau Services
have together paid more than $40 million in
compensation from ajointly established in-
surance pool (42). In another case involving
PCB-contaminated fish meal sold to poultry
producers, Ralston Purina Company hegoti-
ated compensation for the 400,000 chickens
destroyed. The cost of the compensation has
not been disclosed (43).

Governments.— Federal, State, and local
governments also incur costs from an envi-
ronmental contamination incident. Although
the Federal Government and most State gov-
ernments have agencies with programs to
regulate or control food safety problems,
these programs usually are not funded to

handle the kind of long-term problems cre-
ated by a PBB or kepone incident. The Michi-
gan Department of Agriculture, for example,
estimates it will spend $40 million to $60 mil-
lion within the next 5 years to monitor and
test for PBBs in animals and animal byprod-
ucts (44). This is money that could have been
saved or spent for other programs if PBB con-
tamination had not occurred. In order to re-
cover its expenses from the PBB incident, the
State of Michigan filed a lawsuit against both
the Michigan Chemical Corporation and
Farm Bureau Services, Inc., claiming more
than $100 million in damage (45).

Federal involvement is limited unless the
contaminated food is part of interstate com-
merce, Many of these incidents are not con-
sidered by the Federal Government to involve
interstate commerce, FDA may provide tech-
nical assistance at the request of the State
government when a contamination incident is
regarded to be a local problem (43). These
technical facilities and experts are available
to all States through the Federal and regional
offices. Additional expenditures by the Fed-
eral Government for contamination incidents
are limited. Additional State expenditures,
however, can be substantial. Federal expend-
itures are made when Federal regulations
are developed and promulgated for particu-
lar contaminants in food such as PCB.

Consumers.—Consumers can incur costs
from an environmental contaminant incident
in several ways. The removal of food from
commerce could increase prices for that food
product or other food products being sold.
Thus, the consumer could pay more for food
as a result of an environmental contamina-
tion incident. In order for this price increase
in food to occur, however, a significant
amount of a food product or food products
would have to be taken off the market. Such
prices of food might vary by State or region
and affect certain socioeconomic classes dif-
ferently.

Health costs could increase as a result of
the consumption of contaminated food. This
would not affect all consumers but rather
those who received the most exposure and/or
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those most susceptible to a contaminant, such
as children or senior citizens. While these
costs would already be included in estimated
total health costs, the distributional effects
could indicate those consumers most likely to
be affected.

Indirect Costs.—Most of the costs men-
tioned directly stem from an environmental
contamination incident. However, indirect or
secondary costs can and do occur. For exam-

ple, a bait and tackle store on a lake that is
closed to commercial and sport fishing be-
cause of an environmental contamination is
likely to suffer economic hardship, Food proc-
essors whose normal supply of food has been
condemned because of environmental con-
tamination will also suffer economically un-
less they find new sources of supply. These
are just two examples of the many indirect
costs which might occur.

POTENTIAL FOOD CONTAMINATION PROBLEMS

Because a limited number of substances
posing health problems already have been
identified in food, concern exists that other
toxic substances are likely to contaminate
food in the future. This concern arises from
the number of substances presently being
manufactured, used, and disposed of in the
United States, and the difficulties in prevent-
ing them from entering the environment. New
substances developed to meet new needs or to
replace known toxic substances may create
unexpected environmental problems if not
properly controlled. Byproducts of new tech-
nologies such as synthetic fuels are also po-
tential environmental contaminants. These
are described in appendix A.

There are two methods of objectively as-
sessing possible future contaminants: 1 ) by
sampling the food supply for chemical con-
taminants and ranking them according to po-

tential hazard and 2) by surveying the uni-
verse of industrial chemicals and ranking
them according to their potential for entering
the food supply in toxic amounts. These meth-
ods are discussed in more detail in chapter
VII, “Monitoring Strategies. ”

Of the three categories of environmental
contaminants considered in this report, or-
ganic chemicals probably pose the greatest
potential environmental and food contamina-
tion problems. This conclusion is based on the
number, volume, and toxicity of the organics
manufactured and used in this country (40).
Both trace metals and radioactive substances
continue to warrant concern, but not as great
a concern as organic substances. The extent
of food contamination from these substances
depends on our success in preventing them
from entering the environment.

CONCLUSIONS AND ISSUES

Data presented here indicate that environ-
mental contamination of food is a nationwide
problem of unknown magnitude. Long-term,
low-level exposure to toxic substances in food
poses health risks that are difficult to
evaluate given present techniques. Incidents
of high-level contamination of food that cause
human illness have not occurred in the United
States, However, regulatory actions have
been taken to restrict consumption of con-
taminated food in cases where the potential

health risks were considered unacceptable.
These episodes have resulted in economic
losses when contaminated food was removed
from the market,

The following chapters analyze several
issues related to the regulation of environ-
mental contaminants in food. These are:

® |s our present regulatory system protect-
ing the public health? (Chapters 111 and
V)
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. Are methods used by the regulatory
agencies for estimating health impacts
the most appropriate ones? (Chapters Il
and V)

. Should economic impacts be an explicit
part of regulatory decisionmaking? If so,
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Chapter 111

Federal Laws, Regulations,

and Programs

FEDERAL LAWS

Congress has enacted severa laws that not only regulate but also attempt to
limit or restrict the introduction of toxic substances into the environment. Table 7
summarizes the Federal laws affecting toxic substances control.

Some of these laws give Federa agencies authority to prevent unsafe food
from reaching consumers. Most important in terms of this assessment is the
Federal Food, Drug, and Cosmetic (FD&C) Act (). Broadly speaking, this statute
prohibits the introduction of adulterated food into interstate commerce. The
FD&C Act alows the Food and Drug Administration (FDA) to establish tolerances
for toxic substances whose occurrence in food cannot be avoided. The Poultry and
Poultry Products Inspection Act (2) and the Federal Meat Inspection Act (3) give
the U.S. Department of Agriculture (USDA) authority to inspect meat, poultry, and
their byproducts. The adulteration provisions of these Acts govern all environ-
mental contaminants except for pesticides that may occur in meat and poultry.
Under these laws, section 408 of the FD& C Act applies to such pesticide contami-
nation. In practice, USDA uses the tolerances established under the FD&C Act
and consults with FDA and the Environmental Protection Agency (EPA) to deter-
mine an action level when no tolerance exists.

Following is a brief summary of the perti-
nent provisions of the FD&C Act:

Section 402(a)(l) declares that any food
that “bears or contains any poisonous or
deleterious substance which may render it in-
jurious to health” is adulterated. The single
exception is if the substance is not, in the
language of the Act, “added” to the food. In
such cases, the presence of the substance
does not imply that the food is adulterated
unless it is present in sufficient quantity to
“ordinarily render it injurious to health. ”

The FD&C Act recognizes that certain
“added” toxic substances in foods require
special attention, Section 406 empowers FDA
to establish tolerances for “added’ poisonous
substances whose occurrence in food cannot
be avoided or whose use is “necessary” to
produce the food. Thus, Congress authorized
FDA to “license” the presence of certain
potentially toxic substances in food, seeming-

ly because of their economic utility or the in-
ability of existing, commonly used production
methods to eliminate them. The legislative
history of section 406 is skimpy. But Con-
gress’ principal objective apparently was to
permit continued use of pesticides on raw
agricultural commodities while giving FDA an
effective means of control—the power to de-
clare illegal any food that contained any
amount of an added substance that exceeds
FDA tolerance. Congress left the distinction
between “added” and other constituents un-
defined, and did not attempt to clarify the
concepts of “necessary” or “unavoidable”™ in
section 406(4).

Amendments to the 1938 FD&C Act deal
with specific categories within the broad
class of substances “added” to foods in-
cluding pesticides, food additives, vitamins
and minerals, and animal drugs. Each amend-
ment in effect establishes a system under

35



36 . Environmental Contaminants in Food

Table 7— Federal Laws and Agencies Affecting Toxic Substances Control

Statute Year enacted
Toxic Substances Control Act . ..... 1976
Clean Air Act. . . ............... 1970, amended 1977
Federal Water Pollution Control Act

(now Clean Water Act) . .......... 1972, amended 1977
Safe Drinking Water Act . .......... 1974, amended 1977

Federal Insecticide, Fungicide, and 1947, amended 1972, 1975, EPA

Rodenticide Act . .. ............. 1978

Act of July 22, 1954, (codified as
Section 346(a) of the Food, Drug, 1954, amended 1972
and Cosmetic Act)

Resource Conservation and

Recovery Act . ...l 1976
Marine Protection, Research, and
Sanctuaries Act . . . . ... 1972
Food, Drug, and Cosmetic Act . ..... 1938
Food additives amendment . ..... 1958
Color additives amendments ... 1960
New drug amendments . . .. ...... 1962
New animal drug amendments. .. .1968
Medical device amendments .. 1976
Federal Meat Inspection Act. . ......1967
Poultry Products Inspection Act .. ..1957
Egg Products Inspection Act . ...... 1970

Fair Packaging and Labeling Act .. ..1976

Public Health Service Act ... . ... 1944

Occupational Safety and Health Act .1970
Federal Hazardous Substances Act. 1960

Consumer Product Safety Act 1972
Poison Prevention Packaging Act .. 1970
Lead-Based Paint Poisoning 1973, amended 1976
Prevention Act "

Hazardous Materials Transportation 1975, amended 1976
Act .

Federal Railroad Safety Act . . . . . 1970

Ports and Waterways Safety Act 1972
Dangerous Cargo Act .. ...1952
Federal Mine Safety and Health Act. .1977

CPSC = Consumer Product Safety Commission
DOT Department of Transportation

EPA Environmental Protection Agency

FDA = Food and Drug Administration

HEW = Health Education and Welfare

Responsible agency Sources covered

EPA All new chemicals (other than food
additives, drugs, pesticides, alcohol,
and tobacco) and existing chemicals
not covered by other toxic
substances control laws

EPA Hazardous air pollutants

EPA Toxic water pollutants

EPA Drinking water contaminants
Pesticides

EPA Tolerances for pesticide residues in
food

EPA Hazardous wastes

EPA Ocean dumping

FDA Basic coverage of food. drugs,
and cosmetics

FDA Food additives

FDA Color additives

FDA Drugs

FDA Animal drugs and feed additives

FDA Medical devices

USDA Food, feed, and color additives;

USDA pest icicle residues in meat and

USDA poultry products

FDA Packaging and labeling of food and

drugs for man or animals, cos-
metics, and medical devices

FDA Sections relating to biological
products

OSHA, NIOSH Workplace toxic chemicals

CPSC Hazardous (including toxic)

household products (equivalent in
many instances to consumer

products)
CPSC Hazardous consumer products
CPSC Packaging of hazardous household
products

CPSC, HEW, HUD Use of lead paint: on toys or furniture,
on cooking, drinking, and eating

utensils, in federally assisted

housing
DOT (Materials Transportation of toxic substances
Transportation generally

Bureau)
DOT (Federal
Railroad Admin.)
DOT (Coast Guard) Shipment of toxic materials by water

Railroad safety

Labor (Mine Safety  Toxic substances and other harmful
and Health Admin.), physical agents in coal or other
NIOSH mines

HUD = Housing and Urban Development

NIOSH = National Institute for Occupational Safety and Health
OSHA = Occupational Safety and Health Administration
USDA = United States Department of Agriculture

SOURCE Environmental Law Institute, An Analysis 01 Past Federal Efforts To Control Toxic Substances Washington D C 1978
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which FDA is empowered to license, and
thereby limit, the use (or in the case of
pesticide residues, the occurrence) of poten-
tially toxic substances in or on food.

The Pesticide Chemicals Amendment of
1954, now section 408 of the FD&C Act, pro-
vides that a raw agricultural commodity shall
be deemed to be adulterated if it bears or con-
tains any residue of a pesticide that does not
conform to a tolerance established under sec-
tion 408, Pesticides that are unintentionally
present on commodities are usually consid-
ered environmental contaminants by FDA,
and are regulated under section 406.

At no point, in 1938 or subsequently, has
Congress specifically addressed the problem
of environmental contaminants in food. FDA

could have regulated them all under the “may
render injurious” language of section 402(a)
(1). But this provision would not have given
FDA authority to determine administratively
what levels of a contaminant could be toler-
ated. FDA would have been required to prove
its claim of hazard each time it seized a con-
taminated product.

Accordingly, since the early 1970’s FDA
has classified environmental contaminants as
“added poisonous or deleterious substances’
whose occurrence cannot entirely be
avoided, thus avoiding the less rigorous “or-
dinarily injurious” standard of section 402(a)
(). The tolerance-setting authority of section
406 can then be applied to environmental
contaminants in food.

ACTION LEVELS AND TOLERANCES

Relying on section 406, FDA prescribes the
level of a contaminant that, under section
402(a)(2)(A), will render a food adulterated.
Before FDA can ascertain this level, suffi-
cient scientific data must be accumulated to
answer several questions implicitly posed by
sections 402 and 406. FDA must be able to
determine that the environmental contami-
nant in question is:

1. added,

2. poisonous or deleterious,

3. a substance unavoidable by good manu-
facturing practice, and

4. one which may make the food injurious
to  health.

Furthermore, an analytical method that can
reliably detect, measure, and confirm the
identity of the contaminant in the food under
scrutiny must be available (5).

To determine whether these requirements
can be met, FDA scientists explore and re-
view the scientific literature, consult FD A
files, and draw on information available in
other agencies, in academia, or in private in-
dustry. Then, based on the best scientific

data available (which are often incomplete),
FDA will prescribe what level of contamina-
tion will trigger enforcement action (5).

Regulatory procedures employed to control
environmental contaminants in food include
the establishment of action levels or toler-
ances. A formal tolerance is a regulation hav-
ing the force of law. Tolerances are adopted
through formal rulemaking procedures and
specify the level of a contaminant that will
render a food adulterated. If supported by
substantial evidence in the rulemaking rec-
ord, FDA's tolerance cannot be questioned by
any court. An action level is an in.formed judg-
ment about the level of a food contaminant to
which consumers may safely be exposed. It is
a statement of FDA’s professional judgment
and represents a commitment to initiate regu-
latory enforcement action against any lots of
food discovered containing excess levels. Es-
sentially the same criteria are considered in
establishing tolerances and setting action lev-
els. The principal differences between the
two approaches lie in the procedures for
their adoption, the strength of the scientific
data supporting them, and the differing
weight they carry in court (4).
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FDA will set a tolerance when the follow-
ing conditions exist:

1. The substance cannot be avoided by
good manufacturing practice.

2. The tolerance established is sufficient
for the protection of the public health,
taking into account the extent to which
the presence of the substance cannot be
avoided and the other ways in which
the consumer may be affected by the
same or related poisonous or deleteri-
ous substances.

3. No technological or other changes are
foreseeable in the near future that
might affect the appropriateness of the
tolerance established (6).

To establish a tolerance, FDA first pub-
lishes a proposal, accepts comments, and
issues a “final’* regulation, Formal objections
can be raised to this “final” tolerance. Such
objections can, if they raise material issues of
fact, require a lengthy trial-type hearing
before an FDA administrative law judge, who
then issues an initial decision based on the
formal hearing record. That decision, in turn,
can be appealed to the FDA Commissioner
(who issued the original “final” tolerance).
The Commissioner’s ultimate decision is sub-
ject to review in a court of appeals (1).

Because the tolerance-setting procedure is
cumbersome and time-consuming, FDA ini-
tially relies on an action level when it regu-
lates an environmental contaminant. An ac-
tion level is an administrative guideline and
the functional, though not legal, equivalent of
a section 406 tolerance. It is established
when “technological or other changes that
might affect the appropriateness of the toler-
ance are foreseeable in the near future” (6).

To set an action level, FDA simply an-
nounces in the Federal Register that it is
establishing an action level for a contami-
nant, and states that the data supporting the
designated level are available for public in-
spection. This announcement may briefly dis-
cuss the pertinent factors that went into the
decision, but any discussion is not likely to be
(nor is required to be) extensive. While the
announcement also notes that public com-

ments will be accepted, FDA makes no com-
mitment to respond to any comments or, in-
deed, to reconsider the action level within
any specified period (6). The process does not
require a detailed public discussion of the
selected levels, nor does it trigger a public
debate about the correctness of FDA’s prem-
ises or its balancing of relevant factors.

Finally, the Commissioner of FDA may ex-
empt from regulatory action any contam-
inated food if he determines “based upon all
available scientific evidence, that the food is
safe for consumption and that destruction or
diversion of the food involved would result in
a substantial adverse impact on the national
food supply” (6). This has only happened
once, and the action did not involve human
food,

If the environmental contaminant is a pes-
ticide for which no tolerance has been estab-
lished by EPA, FDA relies on EPA to recom-
mend an action level (as it did in the case of
kepone). In other respects, the procedures
and criteria for regulating pesticides as envi-
ronmental contaminants are the same as for
other contaminants.

Criteria for Setting Action Levels
and Tolerances

For the setting of action levels or toler-
ances, neither the law nor regulations re-
quire FDA or EPA to follow a standardized
set of toxicologic protocols to evaluate risk.
No policy exists defining the relative weight
to be given to evidence. The burden of proving
there is a health hazard lies with FDA. When
setting an action level or tolerance, FDA con-
siders the following types of data:

1. available acute and chronic toxicologi-
cal data, including information on the
biological half-life of the substance and
its metabolic fate;

2. available data on the levels and inci-
dence of the contaminant in the overall
food supply and specifically in the food
commodity or commodities that are
being considered for an action level or
tolerance;
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3. normal serving sizes of the concerned
food(s) and frequency of ingestion;

4. susceptibility of certain population
groups, such as infants and the aged, to
adverse effects from anticipated dietary
exposure to the contaminant:

5. the level at which available analytical
techniques can detect, measure, and
confirm the identity of the contaminant;

6. capability of manufacturers to monitor
their food production to ensure that the
products comply with the action level or
tolerance; and

7. the anticipated impact of various possi-
ble levels of regulation on the national
food supply.

In response to questions on how FDA eval-
uates these data, Commissioner Donald Ken-
nedy wrote:

Each factor is assessed individually (as-
suming information on each is available) and
then collectively brought into balance by a
composite analysis in terms of the estimated
risk to the public health versus both the ex-
tent to which the substance is unavoidable
and the quantity of food that would be unlaw-
ful under levels being considered (5),

FDA has not fixed the weight to be given to
each of the above factors. Each will, to some
degree, influence the final decision; general-
ly, the more information about a particular
factor, the greater its influence, This is one
reason that FDA offers for not prescribing a
predetermined quantifiable set of criteria for
each factor. The amount and quality of infor-
mation available when FDA encounters an
environmental food contamination problem
are inevitably unpredictable, FDA maintains
that because of this uncertainty, it is imprac-
tical to state in advance the precise weight of
each factor in the final determination. How-
ever, FDA maintains that the public health
factor outweighs all others in its considera-
tions (5).

Determining Action Levels
and Tolerances

In general, EPA and FDA follow similar
procedures when evaluating the health risk

SL-5i5 0 - 79 - 4

associated with consumption of a toxic sub-
stance in food, Both agencies consider three
areas when evaluating the scientific informa-
tion: 1) existing animal toxicity data, 2) ex-
isting human toxicity data, and 3) exposure
data based on the level of the contaminant in
food and the average consumption of that
food. Both agencies also consider what effect
an action level or tolerance will have on the
availability of food.

Evaluation of the Scientific Data

When a food contaminant is identified, the
first step in establishing an action level or
tolerance is to assemble and evaluate all
available information on its toxicity. This in-
formation comes from articles published in
the scientific literature, information provided
by private industry, and data from other Gov-
ernment agencies. From animal toxicity data
and whatever human toxicity data may be
available, a no observed effect level (NOEL) is
calculated and expressed in milligrams per
kilogram of body weight per day. NOEL is the
level at which the substance had no observed
effects.

An acceptable daily intake (ADI) is then
calculated by dividing the NOEL by a safety
factor. The term “acceptable” does not imply
absolute safety for all people in all cases, and
the term “safety factor” implies more than it
seems. The safety factor reflects the uncer-
tainty of translating animal data to humans,
the variability of the human population, the
insufficiency of the data available, and the
severity and reversibility of toxic effects.

When 2-year chronic toxicity studies in
animals are available, the safety factor used
is 100. When threshold levels have been ob-
served in humans, the safety factor employed
is 10. If long-term studies are available and
show no irreversible effects, a much smaller
safety factor might be selected. If evaluation
of available toxicological data indicates that
no threshold exists, a very large safety factor
(on the order of 1,000 or more) maybe used.
F. ‘I'. Arnold, chairman of the Kepone Action
Level Hearings, stated that “the determina-
tion of an appropriate safety factor is an art
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rather than a science and is dictated by the
chemical in question, its toxicological proper-
ties and surrounding circumstances” (7).

The next step is to calculate the maximum
permissible intake. The maximum permissi-
ble intake is the product of ADI and the
average weight of an adult (this figure varies
from 60 to 70 kg). This figure is then com-
pared to the maximum potential exposure
through consumption of contaminated food.
Tolerances are set so that the amount of the
contaminant consumed in food is less than or
equal to the ADI. Mathematically, this can be
expressed as:

ADI xAverage body weight
of consumer

Food factor x1.5 kg )
Where api = the NOEL divided by an appropriate

safety factor
Average body
weight of
consumer = 60 kg for EPA calculations, and 70 kg for
FDA calculations
Food factor = percentage of the average daily diet
made up by the food in question
15 kg = the average weight of food consumed in
a day
Appendix B provides a detailed example of
how these concepts were applied by FDA in
the development of tolerances for polychlori-
nated biphenyls (PCBs) in food,

Tolerance =

These procedures have several limitations.
The data on toxicity of an environmental con-
taminant for humans and animals may often
be inadequate for setting a tolerance. Be-
cause of time constraints and the necessity to
make a regulatory decision, action levels for
environmental contaminants in food may be
based on incomplete, scanty toxicological in-
formation. Once a level is set, however, no
law requires FDA to collect new evidence on
the toxicity of the substance in question even
though that issue may well continue to be of
critical importance to the population receiv-
ing the highest exposure and to food pro-
ducers.

Because of the nature of the problem pre-
sented by environmental contaminants in
food and because so little data are usually
available, EPA and FDA cannot have formal

requirements for toxicity data. Moreover, in
most instances there are no petitioners or
sponsors of commercial uses of the material
to which FDA can look for the necessary addi-
tional tests. Available industry data are fre-
guently used because of the lack of published
or publicly available information on the sub-
stance. While known toxic effects of metabol-
ic products of the substance in question are
considered, unknown metabolizes cannot be.
Finally, additive and synergistic effects be-
tween the contaminant and other toxic sub-
stances in food are not considered in the tol-
erance-setting procedures.

Questions are frequently raised about
safety factors and the extrapolation from ani-
mal data to humans. Comparisons between
animals and humans are based on milligrams
of the toxic substance per kilogram of body
weight, although many maintain that milli-
gram of toxic substance per square centi-
meter of body surface area is a more appro-
priate comparison,

Little scientific evidence exists to support
safety factors. Historically, a factor of 10 in
extrapolating from animals to man and a fac-
tor of 10 in extrapolating from the least-sensi-
tive human to the most-sensitive have been
used although they have little theoretical or
factual basis. Many believe that the use of
different safety factors for different toxico-
logical effects (a greater safety factor for ir-
reversible effects, a smaller factor for rever-
sible effects) or the use of mathematical mod-
els to extrapolate from animal to human risk
would be more appropriate. Finally, the safe-
ty factor approach may not make allowances
for vulnerable groups such as infants, except
in those instances in which infants are con-
sidered the primary population at risk. Indi-
viduals with predisposing conditions or previ-
ous exposure may not be adequately covered
by safety factors. In truth, it may be impos-
sible to protect every individual with allergies
or predisposing physiological conditions.

The methods used for estimating dietary
exposure to toxic substances are limited by
lack of sound data. FDA bases some tolerance
decisions on their Total Diet Studies, Because
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these are based on the diet of a teenage male,
they do not reflect the dietary patterns of
vulnerable groups, nor do they reflect ethnic
and regional preferences or vegetarian diets.
EPA and FDA rely on USDA’s Food Consump-
tion Survey, which was completed in 1965-66.
It is believed that some shifts have occurred
in consumption patterns since then, and
USDA is now conducting a new Food Con-
sumption Survey.

Evaluation of Decisionmaking Approach

As discussed earlier, FDA regulates en-
vironmental contaminants in food under sec-
tion 406 of the FD&C Act. This section does
not specifically address environmental con-
taminants, but authorizes FDA to regulate
food for potentially toxic substances that are
“added” and “unavoidable’” in the produc-
tion of food. When setting an action level or
tolerance, FDA considers the impacts on the
national food supply or, stated in another
manner, the impacts on the availability of
food to the American consumer. In quanti-
fying this criterion, FDA estimates the
amount of food that would be banned from
commerce because of the action level or toler-
ance.

The final rule reducing PCB tolerances (8)
illustrates FDA’s interpretation of section
406 of the FD&C Act for environmental con-
taminants in food. FDA clearly states that for
PCBs “(i)t has had to decide, in effect, where
the proper balance lies between providing an
adequate degree of public health protection
and avoiding excessive losses of food to
American consumers. ”

FDA later goes on to state that:

(Dn establishing a tolerance for PCBs in
fish, FDA must take into account the amount
of fish a given tolerance would remove from
commerce. Sect ion 406 of the Act, however,
neither requires nor authorizes FDA to
weigh secondary economic impacts when it
considers the level at which a tolerance
should he set. Consideration of such impacts
would be inconsistent with the paramount
concern of section 406, which is protection of
the public health, and would complicate the

decisionmaking process under section 406 in
a way Congress did not intend. Obviously,
consideration of the amount of food loss
caused by a tolerance helps to ensure that
the direct economic consequences of the
tolerance (in this case, decreased sales and
employment in the commercial fishing in-
dustry) will not be disproportionate to the in-
creased degree of public health protection
accomplished by the tolerance: but FDA con-
siders secondary economic consequences,
such as potential impact on the recreational
fishing industry, totally beyond the scope of

section 406 (8).

The decisionmaking process used by FDA
is a form of cost-effectiveness analysis—a
procedure to compare the change of health
effects in biological terms with the change of
the cost in dollars (a further analysis of this
procedure appears in chapter VI). In the PCB
decision, FDA compared change in human
risk data for 5 parts per million (ppm), 2 ppm,
and 1 ppm levels in fish with the estimated
amount of food that would be condemned in
order to arrive at a 2-ppm tolerance level. In
FDA’s judgment, a 2-ppm tolerance was a
proper balance between “providing an ade-
guate degree of public health and avoiding
excessive losses of food to American con-
sumers. ” While other factors were consid-
ered by FDA in its decision, the estimated
human risk data and loss of food are the two
principal factors weighed in the decision.

The language of section 406 provides FDA
with the flexibility to interpret the un-
avoidability requirement as it sees fit. FDA
recognizes that its regulatory decision will
have an economic impact, but FDA considers
only a component of the total economic im-
pact in its decision-i. e.. food condemned.
FDA also realizes that the amount of food
condemned will have an effect on employ-
ment and commercial sales associated with
the contaminated food product. It must be
recognized that even for such a widespread
contaminant as PCBs, an action level for an
environmental contaminant is likely to have a
more severe impact on local employment and
commercial sales than on the amount of food
available to the American consumer.
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In addition, FDA’s attempt to measure the
impacts on availability of food by estimating
cost of food condemned has several flaws.
First, FDA estimates the amount of food ex-
pected to be condemned for one year from a
proposed action level or tolerance. For
substances such as PCBs in freshwater fish,
estimates for the amount of food expected to
be condemned should be for more than one
year. This is because PCBs are ubiquitous in
the environment and degrade very slowly. It
is highly likely that freshwater fish will be
contaminated with PCBs at levels above 2
ppm and consequently restricted from com-
merce for several years.

Second, estimating the cost of food banned
by the tolerance does not necessarily reflect
the impact on the availability of food. While
this might occur for small amounts of food
condemned—a herd of cattle or a few hun-
dred gallons of milk—this would not be the

case for incidents that condemn significant
amounts of food. A more accurate estimate of
the impact on the availability of food would
be to consider the percentage or amount of a
food product condemned out of the total
amount of that particular product that is pro-
duced in this country, Then an estimate of the
relative importance of the affected food prod-
uct to the American diet would need to be
made, FDA does not do this second step. This
type of analysis would also attempt to estimate
the impact such a tolerance would have on
the supply and price of other foods available
to and consumed by the American consumer.

While the latter analysis may be theoreti-
cally sound, given the time constraints for set-
ting an action level for a newly discovered
contaminant, it may not be practical for an
initial regulatory decision. The more thor-
ough analysis is more applicable to tolerance-
setting.

FEDERAL MONITORING PROGRAMS

On the Federal level, the responsibility of
monitoring foods for environmental contami-
nants falls mainly on two agencies, FDA and
USDA. USDA limits its monitoring activities
to meat and poultry products, while FDA ana-
lyzes samples of animal feeds, fruits, vege-
tables, grain, eggs, milk, processed dairy
products, and seafood. Most monitoring activ-
ities of these two agencies could be classified
as regulatory monitoring-analysis of food
samples for known environmental contami-
nants and for some suspected environmental
contaminants for enforcement purposes.

Food and Drug Administration

FDA collects approximately 8,000 food and
feed samples a year and analyzes them for a
variety of chemical residues, mainly pesti-
cides. Domestic food commodities comprise
about 70 percent of this total, imported com-
modities make up around 30 percent. In addi-
tion, approximately 1,300 seafood samples
are collected for analysis annually. Most food
and feed samples are collected at their point

of origin or processing, and attempts are
made to collect the seafoods as close to the
point of origin as possible (9).

Some agricultural products are analyzed
for the presence of trace metals—Iead, zinc,
and cadmium—as well as for synthetic or-
ganic chemicals. All fish samples collected
for determination of chlorinated pesticides
and PCBs are also analyzed for mercury.
Some canned-tuna samples are analyzed for
lead, cadmium, arsenic, selenium, and mer-
cury. Because some containers have lead-
soldered joints that may contaminate the
food, an unspecified number of canned-food
samples are analyzed to determine lead con-
tent (9).

FDA also determines the total dietary in-
take and exposure trends of some known and
suspected environmental contaminants in its
Total Diet Studies. The contaminants in-
cluded in this program include some pesti-
cides, PCBs, mercury, lead, cadmium, arse-
nic, selenium, and zinc, Other organics and
metals are excluded (9). Because it involves
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not the analysis of individual raw food prod-
ucts but rather combinations of prepared
cooked foods which approximate a total
dietary intake, this program differs from the
regulatory monitoring activities of FDA.

Monitoring for known environmental con-
taminants is carried out through the use of
specified “accepted” methods for extraction,
cleanup, and identification. The procedures,
when applied to samples in which regulated
synthetic organic chemicals such as pesti-
cides are to be determined, will often indicate
the presence of other compounds that are
chemically similar to those under analysis.
The FDA Compliance Program Guidance
Manual (10) specifies that if, during the
regulatory monitoring analyses, unidentified
analytical responses appear (thus indicating
an uncharacterized chemical) with “signifi-
cant” intensity, data from the sample collec-
tion and analysis should be transmitted to the
Bureau of Foods Laboratory in Washington,
D. C., which presumably will identify the un-
characterized chemicals.

FDA may select a chemical for further
study based on production volume, toxic by-
products, environmental stability, volubility,
behavior, toxicity, uses, and methods of dis-
posal. After an analytical method is devel-
oped, samples that have the highest probabil-
ity of being contaminated with the particular
(selected) compound are collected. These
samples are often fish, since rivers, lakes,
and estuaries receive chemicals not only from
direct discharges from municipalities and in-
dustry but also from erosion and runoff. Fur-
ther research and monitoring activities on a
given chemical depend on the results of these
initial analyses (9).

The present radionuclide-monitoring pro-
gram is a joint undertaking by FDA, EPA, and
the States, This program monitors: 1) foods
grown near eight selected nuclear power fa-
cilities for tritium, gamma emitters, and
strontium-90; 2) food samples from the total
diet studies; 3) specified imported foods; and
4) milk, fruit, vegetables, and water collected
near phosphate mines in Florida (11).

EPA monitors milk, air, water, and soil for
radioactivity. The milk-monitoring program is
a joint effort with State and local agencies,
FDA advises and monitors the milk-sampling
program, which is carried out by 63 State and
local health agencies. Milk from each area is
sampled once a month by the State and/or
local inspectors and submitted for analysis to
the EPA laboratory in Montgomery, Ala.

U.S. Department of Agriculture

USDA is responsible for evaluating the
guality of meat and poultry products and pro-
viding the consumer with products that meet
the criteria spelled out in the Meat and
Poultry Inspection Acts. These criteria in-
clude monitoring for environmental contami-
nants. The majority of compounds evaluated
are those that are approved for use in agri-
culture, either administered directly to food
animals (such as growth promoters), or ap-
plied to agricultural crops to which food ani-
mals may eventually be exposed (such as pes-
ticides).

Testing of meat and poultry products for
residues by USDA falls into broad monitoring
and surveillance categories. The monitoring
activity, called the National Residue Monitor-
ing Program, is designed to determine the
frequency at which tolerance-exceeding
amounts of monitored compounds are occur-
ring in the national meat supply. In effect, the
monitoring program is designed to evaluate
how effectively users and/or manufacturers
of the compounds are complying with the
laws or use restrictions (12).

Under the monitoring program, animal tis-
sues are collected from slaughterhouses un-
der Federal inspection throughout the United
States at a rate that will detect violations if
they are occurring in at least 1 percent of the
animal population [13). Based on statistical
calculations, 300 samples per compound per
species have to be collected annually to deter-
mine a l-percent incidence with 95-percent
assurance. In effect this means that the same
sample of tissues may be analyzed for more
than one compound. This level of testing re-
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guires sampling approximately 1 in 8,000
head of livestock and 1 in 700,000 poultry.
These collections are stratified according to
geographic areas, with more samples being
collected from areas where meat or poultry
are slaughtered.

USDA does not monitor all compounds for
which tolerances have been established.
There are no suitable methods to analyze
some of them within existing regulatory
monitoring laboratory capabilities. Available
resources may also limit the number and
variety of compounds tested, The selection of
which compounds to monitor is based on fac-
tors such as frequency and patterns of use,
toxicity, previous testing results, and public
concern. Major groups of compounds in the
monitoring program include synthetic organic
chemicals (mainly chlorinated hydrocarbon
insecticides), trace metals, antibiotics, sulfon-
amides, and certain hormones and drugs
used for growth promotion and disease con-
trol. Organophosphate pesticides were moni-
tored for several years but this monitoring
was discontinued because residues of the
parent compound were not found in animal
tissue and suitable routine methods for de-
tecting the metabolizes were not practical
(12),

In 1978, about 150,000 tests were com-
pleted on approximately 20,000 domestic
samples collected under the national residue
monitoring program. An additional 2,000
samples were collected from imported prod-
ucts (12). Many of these samples are analyzed
for potential contaminants other than trace
metals and synthetic organics. In 1977, for in-
stance, around 2,300 out of 22,000 samples
were analyzed for chlorinated hydrocarbon
pesticides and 1,300 for trace metals. The re-
mainder were analyzed for antibiotics, hor-
mones, and drugs (13). Data generated by this
program are used not only for regulatory
functions but also to help pinpoint problems,
assist in trend analysis, and indicate areas
that need more intensive sampling.

Surveillance samples are those collected to
evaluate a problem. The area of sampling
may be as small as a single farm or as large

as a State or region, depending on the cir-
cumstances. Indications of problems come
from many sources: the National Residue
Monitoring Program, activities of USDA in-
spectors, information from State or other
Federal officials, or from public news
sources. Because these samples are biased
(i.e., collected in response to a given need),
they do not reflect the overall condition of the
national meat supply. In most cases the sam-
ples are used to determine either the extent
of a problem or to evaluate the acceptability
of a herd or product. Any product found to be
in violation may not be released into com-
merce until subsequent samples show that it
is in compliance. These followup samples are
considered surveillance samples,

Analyses of samples collected in USDA
programs are performed in a manner similar
to those in the FDA program—prescribed
analytical methods are used. USDA, like FDA,
may try to identify an “uncharacterized” sub-
stance when “unknown” peaks appear in the
analysis of a sample. Depending on the identi-
ty of the compound, further investigation and
sampling may be carried out,

Environmental Protection Agency

EPA has no mandate to regularly analyze
food commodities for chemical contamina-
tion. Some of its programs designed to deter-
mine the ecological impact of pollutants may
include certain types of foods for analysis.
This is particularly true in the case of
seafood. Samples from aquatic food chains
are often selected for analysis to ascertain
whether a pollutant is concentrated as it
moves up the food chain.

In addition, the mobilization, degradation,
and transfer of pollutants is often studied by
EPA. For example, under the auspices of
EPA’s Chesapeake Bay program, trace metals
and synthetic organic chemicals are being
studied in water, living organisms, and sedi-
ments of the Chesapeake Bay by various State
agencies and academic institutions. The re-
sults of this and similar studies are not de-
signed to protect the public from consuming
contaminated food and are seldom used as
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such. Rather, the results are used in protect-
ing the environment from chemical insults
and helping EPA better regulate the introduc-
tion of toxic substances into the environment.

Some data transfer between EPA and other
Federal agencies exists. For example, in the
EPA-funded kepone studies in the Chesa-
peake Bay region, kepone concentrations in
edible fish, shellfish, and crabs are obtained
which assist the Commonwealth of Virginia
and FDA in their efforts to keep contaminated
sea food off the market. This is true even
though the study is not designed specifically
for this purpose.

Another program administered by the EPA
is the Mussel Watch (14). It is designed to
analyze shellfish collected from strategic
locations in the marine coastal zone of the
United States for selected organic chemicals,
trace metals, and radionuclides. This pro-
gram was started in 1976 and now involves
the collection of oysters and/or mussels from
29 stations on the west coast, 34 stations on
the east coast, and 26 stations on the gulf
coast, Collections from these stations make
up a total of 107 samples,

The trace metals for which samples are
analyzed in this program include lead, cad-
mium, silver, zinc, copper, and nickel. The ra-
dionuclides measured in the samples include
plutonium-238 and -239, americum-241, ce-
sium-137, curium-242 and -244, and lead-210.
The synthetic organic chemicals included in
the analysis are the halogenated hydrocar-
bons p,p’-DDE and p,p’-DDD—two of the prin-
cipal breakdown products of the pesticide
DDT—and PCBs. Samples are analyzed for
these synthetic organic chemicals as well as
petroleum hydrocarbons, whose presence
may indicate oil pollution. Recently, a number
of uncharacterized substances have been
found by Mussel Watch scientists. They are
now designing the program to encompass
systems to track and identify them (15).

Critique of Federal Monitoring
Programs

A chemical substance found in food be-
comes the subject of Federal regulatory moni-

toring if it has caused a problem at some time
in the past. In other words, a compound may
enter the food supply and be undetected for
years but categorized as a known contami-
nant when discovered. An example would be
kepone in seafood of the James River in Vir-
ginia (16). This compound is an insecticide
that had been entering the aquatic food chain
for at least 7 years before discovery. Its pres-
ence in seafood was determined after work-
ers in the facility that manufactured it be-
came ill from industrial exposure to this toxi-
cant (17)0

As soon as the sick workers were discov-
ered, samples of fish and oysters from the ad-
jacent river were analyzed and shown to con-
tain kepone. Within a few months, action
levels were established for kepone in seafood.
Because existing monitoring programs ana-
lyze for known regulated environmental con-
taminants, the compound was not discovered
because it was not sought. It is unlikely that
the presence of kepone would be known and
regulated today had the workers not become
ill. In this case, kepone was placed in the
known-environmental-contaminants category
as a result of the illness of production
workers, not chemical monitoring.

Another example of a toxic compound en-
tering the food supply and going undetected is
the fire-retardant polybrominated biphenyls
(PBBs), PBBs entered the food supply in Mich-
igan in the late spring or early summer of
1973 (18,19), Bags of a fire retardant contain-
ing these compounds were shipped to farm-
ers’ cooperative units in Michigan in place of
the intended livestock feed supplement, The
fire retardant was unknowingly mixed with
cattle feed and fed to herds throughout the
southern part of the State. Even though farm-
ers soon noted the symptoms of poisoning in
the cattle and reported the problem to State
and Federal officials, it was almost a year
before the causative agents, PBBs, were iden-
tified. During this year dairy products and
beef contaminated with these compounds
were consumed by the citizens of Michigan.
Soon after the compound was identified in
food products, action levels were established
to protect the consumer. In this case the trig-
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ger for designation of PBBs as known environ-
mental contaminants was sick cattle, not
chemical monitoring.

From these two case studies it appears
that monitoring programs designed mainly to

check for known environmental contaminants

are

insufficient to detect toxicants in food for

which there have been no action or tolerance
levels established.
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STATE LAWS

State food and drug laws, and the organizations that administer them, vary
widely. Basic State food and drug statutes are based on the Federal food laws,
however, not all States have adopted the model uniform State food, drug, and cos-
metic bill of the Association of Food and Drug Officials. As shown in figure 3, 42
States have adopted the model statute, which is ailmost identical to the 1938 Fed-
era Food Drug and Cosmetic Act. Consequently, these 42 States have the same
legidlative authority for regulating food contaminants within their borders as the
Federal Government does for food in interstate commerce. The 1906 Act, still re-
tained by eight States, does not contain the tolerance-setting provisions of the
1938 Act under which environmental contaminants are regulated (1).

Authority for regulating environmental
contaminants in food rests with two or more
agencies in most States. Usually the Depart-
ment of Agriculture and the Department of
Health share responsibilities for food regula-
tion. In some States a variety of other agen-
cies and bodies are also involved in regula-
tory or research activities: departments deal-
ing with commerce, fish and game, consumer
protection, environmental improvement, pub-
lic administration, conservation, along with
university divisions, independent laboratory
agencies, and various independent boards
and commissions (2).

The Food and Drug Administration (FDA)
believes that this variability in laws and reg-
ulatory organizations makes it more difficult
for the States to accomplish their goals:

The variability of organizational structure
complicates the problems of many of the in-
dividual State agencies in accomplishing
their program goals because of overlapping
responsibilities and the lack of a clear delin-
eation of responsibilities. For example, it is
not uncommon to find authority granted to
two agencies for some divided program seg-
ments of a single program category (e.g.,

Figure 3.— State Food Laws
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milk, shellfish). Frequently, two or more in-
dependent agencies of relatively equal rank
are charged with enforcement of portions of
the same general food and drug law. In still
other States, there is no central State control
over the food and drug program. In these in-

stances, the State agency has an unclear role
as an advisor or consultant to the local gov-
ernment. However, the local agency may not
be legaly bound to follow the advice and/or
direction that may be suggested by the State

agency (1).

STATE Monitoring PROGRAMS

Non-Federal monitoring is limited almost
exclusively to programs originated and car-
ried out by individual States. In some cases
there is close coordination between State and
Federal activities. Federal agencies may de-
crease their monitoring in a given area if
State monitoring is considered sufficient. For
example, FDA does not monitor seafood for
kepone (3) even though the concentrations in
finfish, crabs, or shellfish remain essentially
unchanged since its discovery in 1975 (4).
FDA feels that the ongoing monitoring pro-
grams in Virginia are sufficient to protect the
consumer.

Analysis of the OTA State survey reveals
that State food-monitoring laboratories are
equipped to analyze for those substances that
are regulated in foods through action levels
or tolerances. For instance, most had instru-
mentation (atomic absorption spectrophotom-
eters and gas chromatography) to analyze for
mercury and chlorinated hydrocarbon pesti-
cides.

FDA published a study entitled “State Pro-
grams and Services in Food and Drug Con-
trol” in September 1978 (I). The publication
provides a compilation of States’ analytical
capabilities during the years 1975 and 1976,
listing numbers and educational levels of
chemical analysts, types of analytical equip-
ment, and expenditures for food inspection.

In 1974 and 1975, the States spent annual-
ly about $64.9 million for food inspection and
analytical activities. This amounted to 72 per-
cent of their total inspection and analytical
expenditures (). Table 8 shows program
areas and expenditures for States. These

Table 8.—Program Areas and Expenditures for
States

Expenditures
Millions of Percent of total

Program dollars (food and drug)
Food ‘.. ........ ........ $64.9 72.3
Drugs, devices, cosmetics . . . 9.7 11.0
Feed .................... 6.4 7.0
Weights and measures (food) . 55 6.0
Pesticides ... , ..., . . .. ... 3.3 3.7
Total . . . . . . . $89.8 100.0

SOURCE Food and Drug Adm\ﬁlstranonS!aleProgramsandSerwces/nFood
and Drug Control. 1978

figures do not include the estimated $75 mil-
lion expended by local governments.

The educational levels of the chief chemist,
supervisory chemist, and chemist and labora-
tory technicians are presented in table 9 (I).
The salary ranges for the chemical personnel
are shown in table 10 (I). Only 1 percent of
the chemists working in State food and drug
programs earned more than $20,000 per year
in 1975 and 1976. Approximately 64 percent
of them had annual salary ranges of $8,000 to
$15,000.

The available analytical equipment and
physical facilities are listed in table 11 (I).
These data confirm the OTA survey findings,
since gas chromatography and atomic ab-
sorption spectrophotometers rank first and
third, respectively, in numbers. A breakdown
of food commodities analyzed, samples col-
lected, and analyses performed is given in
table 12 (I). The FDA document urges caution
in interpreting these data because “. . . some
States do not maintain comprehensive ana-
Iytical records on food analyses especially if
food is not the major laboratory workload.”
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Table 9.—Number of Employees by Category and Education Level in Various State Food and Drug Programs

Personnel Number of employees Advanced degree College degree Some college No college
Chief chemist. . . . . ... .. 109 68 4 0 1 0
Supervisory chemist 232 62 167 3 0
Chemist. . . . . .. ... .. 633 66 561 6 0
Laboratory technicians . . 833 0 127 375 332

5707URCE Food-and-Drug Administration State Programs and Services in food and Drug Contro/ 1978

Table 10.—Salary Ranges of Various Chemical Personnel in State Food and Drug Programs

Salary-ranges Number of chief chemists

$ 6,000- 9000...............
$ 7,000-10,000
$ 8,000-12,000
$ 8.000-14,000
$10,000-15,000
$12,000-18000. . ... ............
$16,000-20,000
over $20,000

~N
oFR, NN OOOo

N u m ber of s u pervisory chemists Number of chemists

3 0

0 26

0 70
17 153
143 139
53 5
7 0

0 0

SOURCE Food and Drug Admlnuslrétzon State Programs and Services in Food and Drug Contro/ 1978

Table 11 .—Physical Facilities and Key Equipment in
114°State Food and Drug Laboratories

Number of key

Key equipment items equipment items®

Spectrophotometers . . . . . . . ... ... 269
Flame photometers . . . . . . 90
Atomic absorption spectrophotometers . 125
Spectrofluorimeters 88
Gas chromatography 348
Polarographs. 42
Polarimeters . . . . 54
Mass spectrometer. . . . 19
Electrophoresis. . . . . ., 86
Auto analyzers. ., ... . . . . . . .. 120
Liquid chromatography . . . . . . . e 18
Physical facilities

Average floor space (175 I 10,245
Average bench space (lin. ft)......... 845
Average storage (ft. 7) 1,150

‘Two States not reporting lab equipment or space
Shows only total number of equipment items reported by the State agencies

Does not show those labs that do not have one or more of the equipment items
hsted
SOURCE Food and Drug Administration State Programs and Services In Food
and Drug Con Ire/ 1978

This probably accounts for the extensive ana-
Iytical activity reported in the “other food”
category, rather than in the categorical pro-
gram areas” (l). Even so, it is evident that
milk and milk products are the most common-
ly sampled and analyzed food commodities.

The large number of samples and analyses
indicate that the States perform extensive
monitoring for regulated contaminants in
food, But the low salary ranges, the lack of so-
phisticated analytical equipment such as
mass spectrometers, the time spent per anal-
ysis, and the sample-type distribution indi-
cate that State monitoring programs are as
inadequate as Federal programs in detecting
environmental contaminants in food for
which no action or tolerance levels have been
established,
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Table 12.—Total Number of Samples, Sample Determinations, and Man-Hours by Food Commodity Categories
With Number and Percentage of States Reporting Analytical Activity

Number of States

Food commodity reporting analytical

categories activities Percent of States
Bakery products. ., . . . . . 35 70
Soft drinks . . . .......... 35 70
Candy . . . . . . . . . .. 29 58
Grade A milk (raw) . . . . . . 50 100
Other milk products. a7 94
Canned foods. . . 35 70
Frozen foods . . . . . . . 27 54
Seafood. . . . . . . . . . 34 68
Shellfish . . . ... ... ... 24 48
Raw agricultural products 29 58
Other foods. . . . . . 40 80

T otals

Number of
Number of samples determinations Number of man-
(thousands) (thousands) hours (thousands)
115 23.3 315
18.7 64.6 17,5
7.0 18.1 13.6
342.0 1,157,1 319.0
200,7 546.8 185.6
21.3 870 48.5
7.3 27.6 19.3
6.6 34.4 33.2
37.6 106.3 67.6
40,1 89.6 112,7
103,0 326.3 220.1
7958 2,481,1 1,068.6

SOURCE Food and Drug Administration S/ate Programs and Servicesin Food and Drug Control 1978

FEDERAL/STATE LIAISON

Many environmental contamination inci-
dents are initially State problems. Theoreti-
cally, the Federal Government does not be-
come involved until a contamination incident
is determined to be an interstate problem.
Given the complexity of this country’s food-
marketing system, most food produced or
processed within a particular State is distrib-
uted for consumption in other States. Thus,
most environmental contamination incidents
are likely to become interstate concerns.
Figure 4 reveals the extent of food contamina-
tion that can occur from a single source of
contamination, in this instance polychlori-
nated biphenyls (PCBs) contaminated animal
feed from a meatpacking plant in Billings,
Mont. (5). This widespread contamination of
food occurred during an estimated time peri-
od of 2 to 5 months.

The States and the Federal Government es-
tablish liaison when contamination crosses
State lines. Liaison is also established at the
request of States. States often require Fed-
eral assistance in investigating a contamina-
tion incident. The objective is to generate sci-
entific information on the nature and extent
of the contamination. This information would
include the toxicological and chemical prop-
erties of the contaminating substance, the
amount and type of food contaminated, and
the concentration of the substances in food.

Such information is used by State and Fed-
eral authorities to: 1) determine the appropri-
ate Government response for protecting the
public health and 2) inform the general public
about the incident and explain the Govern-
ment response. To contain an incident, scien-
tific information needs to be accurate and im-
mediately available. This is as true for an epi-
sode involving a substance that has previ-
ously contaminated food (1979 PCB contami-
nation of animal feed in Billings, Mont. ) as for
a substance which has not (1973 polybromi-
nated biphenyl (PBB) contamination of animal
feed in Michigan).

The generation and dissemination of scien-
tific information on an incident is hindered by
the number of State and Federal agencies in-
volved. As already noted, three Federal agen-
cies (the Environmental Protection Agency
(EPA), FDA, and the U.S. Department of Agri-
culture (USDA)), each with different respon-
sibilities, can be involved along with various
State agencies. The PBB incident in Michigan
and the PCB incident in Montana reflect this
particular problem.

Generating Information

Before the needed scientific information
for developing regulations is generated, the
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contaminating substance in food must be
identified. This identification process may re-
guire lengthy investigative work which could
be hindered by a multiplicity of involved Fed-
eral and State agencies. The PBB incident
provides an example of the extensive investi-
gations sometimes necessary.

The Michigan Department of Agriculture
(MDA) initially analyzed blood and feed sam-
ples from a herd owned by Mr. Frederic Hal-
bert (at his urging). These samples proved to
be negative because MDA was not analyzing
for PBB. Additional samples were analyzed
by the USDA’s National Animal Disease
Center in Ames, lowa. While the Disease
Center detected an unusually high peak of an
unidentified substance, it did not determine
its identity. The substance was eventually
identified by Dr. George Fries of USDA’s
Agriculture Research Center at Beltsville,
Md., who had previous experience in chemi-
cal analysis of PBB (6). The discovery came
nearly 8 months after adverse symptoms oc-
curred in the herd at the Halbert farm.

The laboratories and agencies involved in
identifying PBB are part of the agriculture
system in the United States. They were the
obvious institutions to which Mr. Halbert
would go for assistance. If he had initially
contacted the Michigan Department of Public
Health (MDPH), it is likely that different
Federal laboratories and agencies would
have analyzed the samples. There was and
still is no systematic procedure at the Federal
level for assisting States in identifying a
potential food contamination problem like
PBB. Were it not for the perseverance of Mr.
Halbert and the experience of Dr. Fries, the
identity of PBB might have taken longer and
the people of Michigan would have been ex-
posed to PBB-contaminated food even longer.

Once a contaminant has been identified in
food, the necessary scientific information can
be generated for either regulating or control-
ling the contamination. In the PBB incident,
FDA helped to develop and evaluate this in-
formation and worked with MDA in control-
ling the incident. FDA’s involvement was
based on the fact that it has the Federal

authority for regulating contaminants pres-
ent in food. Examples of actions taken by
State and Federal authorities in such in-
stances include removing food from the mar-
ket, setting action levels or tolerances for the
contaminant in food, and disposing of the con-
taminated food. Because little scientific in-
formation on PBBs was available, it took time
to generate the information and establish
final permissible levels (although contami-
nated herds and food were identified as
quickly as possible and removed from the
market). The PBB incident involved FDA,
USDA, MDA, and MDPH. Even more State
and Federal agencies were involved in the
PCB contamination episode in the Western
United States.

The PCB contamination began in Montana
with animal feed and quickly spread to 16
other States. Idaho was particularly affected
by the contamination of poultry and eggs.
This incident involved all three relevant Fed-
eral agencies—FDA, EPA, and USDA—as
well as the Idaho Departments of Agriculture
and Health and Welfare, and district health
departments. USDA made the initial analysis
of poultry samples which proved positive for
PCB; FDA was involved with the removal of
PCB-contaminated food from the market; and
EPA with the proper disposal of the contami-
nated food. At least 5 days elapsed from the
time USDA was confident it had a PCB con-
tamination incident to the time it notified FDA
of its findings. It took FDA an additional 5
days to begin its investigation of the contami-
nation incident (7). Such delays would be
unlikely if only one Federal agency were in-
volved or communications between the two
agencies were better.

PCB is a substance whose chemical and
toxicological properties are fairly well
understood. It has contaminated food in the
past. Nevertheless, there was confusion
among the State agencies in ldaho as to the
proper response to the contamination. The
confusion resulted from two conditions. First,
some of the State officials involved were not
familiar with the chemical and toxicological
properties of PCB. PCB was a new food con-
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taminant in ldaho, and the appropriate of-
ficials had little experience with this type of
problem. Second, the involvement of three dif-
ferent Federal agencies obstructed efficient
communication between the State agencies
and the Federal Government.

While the Federal agencies had the most
expertise on PCBs, the sharing of that ex-
perience was hindered by the fact that it was
available in and distributed by three sources
instead of one. Consequently, State agencies
had to go to different Federal sources, de-
pending on what information they needed. In
addition, the Federal agencies did not always
communicate with the various State agencies.
EPA, for example, took air and water samples
in the area surrounding Ritewood Farms to
determine whether PCBs that contaminated
Ritewood’s eggs and poultry came from either
of these two sources. This was before the
PCB-contaminated animal feed was identi-
fied. EPA, however. did not report their nega-
tive findings to the State. In another instance,
USDA initially would report its results only to
the ldaho Department of Agriculture, the
State agency with which USDA has had a
long-standing association. The Idaho Depart-

ment of Health and Welfare, which is con-
cerned with protecting the public health, at
first was not informed by either USDA or the
State Department of Agriculture of the PCB
contamination. Communication broke down
at two levels, between the State and Federal
Governments and within the State govern-
ment (8). The fact that there are several dif-
ferent Federal and State agencies involved
with different aspects of controlling and
regulating a contamination incident further
complicates an already complicated problem.

The major environmental contamination in-
cidents that occurred in Idaho and Michigan
continue to be major issues of concern among
the residents of these States--a result of
their fears over a potential health threat that
cannot be seen, smelled. or tasted. In Michi-
gan, for instance, the PBB episode remains a
live and controversial political issue. Conse-
guently, it becomes imperative that the in-
formation generated by the State and/or Fed-
eral Government on an incident is accurate
and appropriately applied. This objective is
hindered by the variety of State and Federal
agencies that become involved.
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Chapter V

Methods for Assessing Health Risks

The availability and quality of data on the toxicity of contaminants in large
part determine the Food and Drug Administration’s (FDA) ability to protect public
health. Chapter Il reviewed the strengths and weaknesses of FDA’s procedures
for setting action levels and tolerances. This chapter addresses four issues re-
lated to the methods used for assessing health risks:

What is the role of human epidemiology in the setting of action levels and

tolerances?

What are the roles of animal and other toxicological tests?
Are current testing procedures adequate for the assessment of interac-

tions of toxic substances?

Are methods for quantitative risk assessment sufficiently developed for
application to environmental contaminants in food?

POSSIBLE TOXIC EFFECTS

The possible toxic effects of an environ-
mental contaminant depend on its chemical
nature, its concentration in food, and the type
of toxic action involved. If the substance is
highly toxic and/or is consumed in large quan-
tity, acute toxic effects may occur and the
onset of the symptoms would be rapid and
severe. If a small amount of a highly toxic
substance is consumed, or if the substance is
of low toxicity, the health effects may not be
seen for many months or years (or may not be
observed at all). Potential effects of toxic en-
vironmental contaminants in food include sys-
temic toxicity, mutations, cancer, birth de-
fects, and reproductive disorders.

Systemic toxicity involves changes in the
structure and function of organs and organ
systems: weight change, structural altera-
tions, and changes in organ system or whole
animal function. Functional effects may in-
clude changes in the lungs, liver, and kidneys,
in cardiovascular function, in brain and nerv-
ous system activity and behavior, and in re-
sistance to disease (1). Systemic toxicity is
studied in whole animal tests.

Some environmental contaminants have
been shown in experiments to cause point mu-

tations (which generally affect a single gene)
or more extensive effects such as gross
changes in chromosome structure or changes
in chromosome number. Such genetic effects
in humans often cannot be immediately de-
tected. Indeed, damage to the human gene
pool may not become apparent for many gen-
erations if the deleterious effect is due to a re-
cessive gene (2). However, a chemical’s muta-
genic potential can be evaluated indirectly
from various biological tests involving micro-
organisms, mammalian cell cultures, insects,
and whole mammals (I).

Some environmental contaminants in food
may cause cancer. Direct cause-and-effect
associations between exposure to a specific
chemical and human cancer are difficult to
establish because of the complex nature of
cancer and the vast number of potential car-
cinogens to which humans are exposed. In
some cases, exposure to one toxic agent may
trigger a sequence of events leading to
cancer. In others, carcinogenesis may depend
on interactions of several factors, combina-
tions of noxious agents, co-factors, and
natural or acquired metabolic peculiarities
(2). The cancer-causing potential of a sub-

59
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stance is evaluated through animal tests and
a variety of short-term tests employing bacte-
ria, insects, or cell cultures (1).

Environmental contaminants may produce
birth defects other than inherited mutations.
These are called “teratogenic effects. ” Mal-
formations may include gross, histological,
molecular, and sometimes behavioral anoma-
lies. Human sensitivity to a teratogenic agent
during pregnancy is determined by: 1) the
time at which the insult is received during
gestation, 2) the dose of the compound,
3) transfer of the teratogen to the developing
fetus, 4) uterine factors, and 5) dietary fac-
tors. The teratogen may work its effect by
producing mutations or chromosomal aberra-
tions, interfering with cell division, altering
nucleic acid synthesis, inhibiting specific
enzymes, or altering membrane characteris-
tics. A seemingly small change may have far-
-reaching effects, since the fetus is undergoing
rapid biochemical, structural, and physiologi-
cal growth and change (1).

Environmental contaminants can have
other effects on the reproductive process in
both males and females. Toxic effects may in-
clude reduced or altered sperm formation, in-
hibition of owvulation, increased spontaneous
abortion, fetal resorption, and increased
numbers of stillborn infants, Teratogenic and
reproductive effects are evaluated through
animal tests (1).

Given the range of possible adverse health
impacts, it is clear that newly discovered en-
vironmental contaminants must be subjected
to the best available toxicological testing
techniques so that any harmful effects can be
uncovered. Furthermore, regulators must
have information on the possible toxic effects
of ingesting small amounts of a substance in
food over an extended period of time, per-
haps over a lifetime. It would also be desi-
rable to know what effects other toxic sub-
stances already present in our air, water,
and food may have on the metabolism and
toxicity of a new contaminant,

HUMAN EPIDEMIOLOGY

The science of epidemiology seeks to deter-
mine the distribution and causes of diseases
and injury in humans, It focuses on groups
rather than individuals (3).

There are several types of epidemiological
studies. Each provides different levels of in-
formation on environmentally related disease
or injury. The cohort-study method is the best
way to develop information on potential toxic
effects in a population exposed to an environ-
mental contaminant in food. In a cohort
study, individuals are classified into groups
according to the levels of exposure, including
a control group with no previous exposure to
the suspect substance. The groups are then
followed over a period of time and studied for
differences in disease incidence (3). Such epi-
demiological studies have an advantage over
animal tests. There are some agents known to
cause disease in humans that do not produce
similar adverse effects in animals (benzene,
for example) (4). Human epidemiological data

can also be used to directly estimate human
risk, thus eliminating the need for extrapolat-
ing from animal experiments.

Epidemiological evidence has sometimes
weighed heavily in the setting of tolerances or
action levels. This was the case in FDA’s deci-
sions on mercury and polychlorinated biphen-
yls (PCBs). However, if epidemiological data
are lacking when an environmental contami-
nant is discovered in food, the usefulness of
further epidemiological studies is restricted
by inherent limitations of the science.

Beyond the obvious ethical considerations,
such studies are of little use when a rapid
regulatory decision must be made. At the low
levels that environmental contaminants usu-
ally occur in food, pathological effects may
not occur for many years, Most cancers, for
example, have a latency period of at least 5 to
10 years, As much as 40 years may elapse be-
tween the onset of exposure and the develop-
ment of the disease, Thus epidemiological
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methods can only be used retrospectively to
evaluate the health status of individuals who
have been through this 5- to 40-year period.
The findings are compared to the health his-
tories of “control” individuals who presum-
ably have not experienced comparable ex-
posures.

Such retrospective studies are vulnerable
to scientific criticism: a) it is very hard to find
an adequate control group (unlike animals
whose entire lives can be in a “controlled”
environment) because of the variability in
human susceptibility and personal behavior
patterns, b) it is impossible to define potential
synergisms and/or inhibitions by other sub-
stances to which the target group may have
been exposed, and c) it is difficult to quantify
previous levels of exposure (5).

Retrospective studies suffer other handi-
caps, They are extremely expensive, difficult,
and time-consuming to carry out, A given type
of cancer, for example, may occur in the
“normal” population at a rate of 1 case for
each 100,000 people. An exposure to a toxic
substance that increases by a factor of 100
the likelihood of that cancer occurring would
raise the incidence to 1 case for each 1,000
people. To ascertain in a statistically satis-
factory and compelling way that such an in-
crease had occurred, one would have to do
comprehensive medical studies on at least
3,000 people. Assuming an average cost of
$200 for each person studied (which is a low
estimate considering the costs of physicians”
time, laboratory analysis, and the technologi-
cal assessments necessary to show a person
free of a given tumor or disease), the expense
for such a study would be $600,000. It would
be necessary under most circumstances to
find more than one new case of a disease to
convince a nonstatistician and even most

statisticians. This would double or triple the
costs (5). Furthermore, demonstrating that
the incidence had increased would still leave
the vexing problem of correlating the in-
crease with the exposure to the specific
suspect substance.

Such limitations make cohort epidemiology
studies inappropriate for determining the tox-
ic potential of a given contaminant. More-
over, in a regulatory scheme designed to pre-
vent serious illness from developing in hu-
mans, the time required to generate epidemi-
ological data would preclude its use in initial
regulatory decisions. The prospects for devel-
oping a human epidemiological method that
would meet such regulatory demands are
presently hard to imagine.

One area, however, where human epide-
miological studies have and will continue to
be useful is in the confirmation of suspected
chronic-effect data when a population that
has inadvertently been exposed to a sub-
stance or a hazard (such as radiation) over a
long period of time can be identified. In this
instance, carefully designed studies can
be the “clincher’” which finally provides
thorough documentation of the suspected tox-
icity. Such studies can confirm or refute the
adequacy of regulatory actions (in retrospect)
(5), Again, however, these kinds of studies are
extremely expensive and consume limited re-
sources which might be better spent support-
ing other types of evaluations using other
techniques.

People who fail to understand these limita-
tions criticize reliance on animal tests when
epidemiological information is negative or
lacking. This fundamental misunderstanding
may delay health-related regulatory action
and dilute its effectiveness in preventing
illness.
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ANIMAL TESTS AND OTHER METHODS FOR
TOXICOLOGICAL TESTING

Toxicologists have developed a number of
techniques to assess the toxicity of a com-
pound. Some tests can be conducted in 90
days or less. These include simple tests such
as 2-hour “range finding” to determine the
dose of a substance that is lethal to 50 per-
cent of the animals (LD50). More complex
tests include 90-day continuous exposure or
paired feeding studies, and short-term tests
for mutagenesis and potential carcinogene-
sis. Tests requiring more than 90 days, such
as lifetime exposure studies, are generally
considered long-term. In addition to the time
necessary for exposure and data-gathering,
analysis of the results may take up to an addi-
tional year, depending on the complexity of
the experiment, the number of animals used,
and the amount of data collected (1).

Testing methods can be categorized by
“endpoint” as well as duration. Some ex-
periments are based on expected results such
as functional changes, birth defects, or can-
cer, By the use of an appropriate experi-
mental design, several such endpoints can be
assessed in the same experimental period ().
Appendix C describes the range of toxicologi-
cal tests available for assessing the health
risks associated with consumption of contam-
inated food. Each section describes the tests
for assessing a given endpoint, and includes a
discussion of available long- and short-term
tests,

Animal tests provide valuable information
for the setting of action levels and tolerances.
The animals serve as proxies for humans in
cases where data are lacking on the human
health effects of a contaminant and experi-
ments involving humans would be unethical,
Because of shorter animal lifespans, the ef-
fects on several generations can be studied.
Furthermore, animals can be raised in con-
trolled environments, thus eliminating many
of the factors that complicate human epide-
miological studies, In many cases, animal
experiments are the only means by which
needed information can be obtained. Using a

carefully selected battery of 90-day tests,
considerable data can be generated on a con-
taminant’s potential toxic effects including its
potential for causing mutations and cancer.

Despite widespread scientific agreement
on the usefulness of animal tests, several con-
troversies exist. These include the appropri-
ateness of the carcinogen bioassay tech-
niques, the potential of short-term tests for
evaluating mutagenesis and carcinogenesis,
the lack of emphasis on testing for potential
toxic interactions, and the usefulness of
methods for extrapolating from high-dose ani-
mal test results to low doses in humans.

The Carcinogen Bioassay

The carcinogen bioassay (6) is a chronic
toxicity study requiring 2 years’ exposure to
the test substance and usually a third year
for evaluation of the results. The carcinogen
bioassay is used to determine the cancer-
causing potential of a compound in males and
females of two mammalian species, usually
the rat and mouse. The test animals are ex-
posed to the test substance throughout their
entire lifespan.

Different groups are exposed to different
levels of the substance up to the maximum
tolerated dose (MTD). The MTD is the highest
dose given during a chronic study that predic-
tively will not alter the animals’ normal
longevity from effects other than cancer. In
practice, the MTD is considered to be the
highest dose that causes no more than a 10-
percent loss in weight compared to control
animals. Throughout the study, animals are
examined weekly for signs of toxicity. Ani-
mals may be Killed at prearranged times and
their tissues examined for signs of cancer. At
the completion of the study, all remaining
animals are killed and detailed examinations
are made of their tissues.

Animal tests for carcinogenicity have been
guestioned because the results are general-
ized to humans while the animals are fed
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much larger doses of the suspected substance
than would be consumed by people. However,
an earlier OTA report entitled Cancer Test-
ing Technology and Saccharin (7) found that
“animal tests are the best current methods
for predicting the carcinogenic effect of sub-
stances in humans. All substances demon-
strated to be carcinogenic in animals are re-
garded as potential human carcinogens; no
clear distinctions exist between those that
cause cancer in laboratory animals and those
that cause it in humans. The empirical ev-
idence overwhelmingly supports this
hypothesis. ”

The report also found that the rationale for
feeding high doses was sound.

The rationale for feeding large doses of a
substance in animal tests is as follows. As
the dose of a substance that causes cancer is
increased, the number of exposed animals
that develop cancer also increases. To con-
duct a valid experiment at high dose levels,
only a small number of animals (perhaps sev-
eral hundred) is required. However, to con-
duct a valid experiment at low dose levels, a
very large number of animals is required.
(The smallest incidence rate detectable with
10 animals is 10 percent or 1 animal. To
detect a I-percent incidence rate, several
hundred animals would be required.) An-
other important variable is the strength of
the carcinogen. The stronger the carcinogen,
the greater will be the number of animals
getting cancer at a particular dose (7).

If data from a carcinogen bioassay are
available at the time an environmental con-
taminant is discovered in food, the results
provide crucial information to guide the
regulatory decision. However, if no data or in-
adequate data exist, a newly commissioned
carcinogen bioassay would require 2 to 3
years for completion. In this case, the car-
cinogen bioassay could be used to revise an
initial action level.

Short-Term Tests for Mutagenesis
and potential Carcinogenesis

Chemicals are evaluated for mutagenicity
not only to detect potential carcinogens but

also to detect the serious hazard posed by mu-
tagens. In the long run, chemical compounds
causing mutations and teratogenic effects
may create a greater burden on society by in-
creasing the incidence of genetic disease and
birth defects than by causing cancer (2,11).

A number of short-term tests and batteries
of tests have been developed to assay chem-
icals for mutagenicity (1,2). Many of the same
tests are also viewed as screens for carcino-
gens on the assumption that cancer arises
following damage to the genetic material of
cells (2). The ability of these tests to detect
carcinogens iscurrently undergoing valida-
tion (8). The Environmental Protection Agen-
cy (EPA) currently uses some of these tests to
identify mutagens (9, 10). Presently there is no
universal agreement on a “best” set of tests.

Environmental contaminants in food are
screened to identify those capable of causing
genetic damage, to determine the types of
damage they cause, and to evaluate the risks
they pose to the general population and cer-
tain subpopulations.

The major difficulty in designing tests to
detect mutagens and potential carcinogens is
the need to reflect the metabolic capabilities
of man as nearly as possible while remaining
economically realistic. Whole animal tests
more nearly reflect responses of man and are
therefore useful in estimating risk to humans.
Tests using lower organisms are less directly
applicable to humans, but they are simpler
and more economical to perform. As a conse-
guence they are more popular for use in mu-
tagen screening than animal tests. Risk esti-
mates based on tests in lower organisms have
been proposed (12) but are not accepted as
sufficient evidence for setting action levels
and tolerances.

Many chemicals are not directly muta-
genic, but once ingested or absorbed are con-
verted into mutagenically active derivatives.
Activation therefore poses important practi-
cal and conceptual problems that must be
dealt with in evaluating the mutagenic poten-
tial of environmental agents. The practical
problem is one of designing tests to identify
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mutagens that adequately mimic the metabol-
ic capabilities of an intact animal. The con-
ceptual problems focus on the fact that evi-
dence of an agent’s mutagenicity is not suffi-
cient to evaluate the actual risk posed to an
individual or a population by exposure to the
agent (2).

The ability of an agent to cause genetic
damage in an intact animal depends not only
on the mutagenic potential of the agent or its
metabolizes but on a number of other factors
as well. The fate of any chemical substance
entering the body is determined by a dynamic
process involving its absorption, distribution,
biochemical alteration, and excretion. Many
mutagenic agents are formed by the action of
intestinal bacteria. Consequently, the route of
exposure to an agent can play a significant
role in determining its activity. Enzymatic
processes in the body inactivate as well as
create mutagens. Many active mutagens may
exist in the body as intermediates in the
metabolic pathways that process the parent
compounds. As a result, the active mutagen
may have a short lifespan and be distributed
only in those tissues that possess high levels
of activating enzymes (2).

There are four major factors determining
the ability of an environmental agent to pro-
duce a genetically adverse effect in an orga-
nism, The first is the metabolic response of
the organism to the agent. This response will
determine the distribution, lifespan, and fate
of the mutagen in the body tissue. The second
is whether the mutagen damages the genetic
material in cells. The third is the response to
the genetic damage by the DNA repair ma-
chinery in the cell. Fourth is the type of lesion
the agent is capable of producing in the genet-
ic material.

Short-term tests for detection of muta-
genesis and potential carcinogenesis fall into
four categories:

-+ procedures that can be carried out di-
rectly in human populations,

- intact animal tests,

- tests employing cultured mammalian
cells, and

« tests employing micro-organisms.

Several procedures that can be carried out
directly in exposed human populations have
been found to be indicators of the presence of
mutagenic agents. These procedures include
analysis of white blood cells for chromosome
aberrations (cytogenetic analysis) (13), anal-
ysis of blood and/or urine of the presence of
mutagenic agents (14), analysis of semen for
abnormal sperm (15), and the detection of ex-
tra chromosomes in sperm (16).

Intact animal tests usually use as test
animals either mice or fruit flies [Drosophila
melanogaster). The dominant lethal test de-
tects lethal damage resulting primarily from
chromosomal aberrations by treating male
mice with test agents and mating them. The
uteri of the pregnant females are examined
for fetal death and resorption. Because the
endpoint is detected in the offspring of the
treated animal, mutation in the germinal cells
(the sperm) is detected by this method. The
specific locus test involves the crossing of two
genetically distinct strains of mice with visi-
ble markers, such as spotted coats. Mutations
are detected by the appearance of recessive
traits in the offspring. The utility of this testis
restricted because of the number of animals
needed. Cytogenetic screening of white blood
cells or bone marrow cells from treated
animals detects damage to chromosomes.
The micronucleus test detects chromosome
breaks in bone marrow cells of treated ani-
mals (17).

The use of cultured mammalian cells for
mutagenesis testing is a great simplification
over the use of intact animals. At the same
time, the cells retain much of the mamma-
lian metabolism and genetic characteristics.
Moreover, human cell cultures can be used
where exposure of people to toxic agents
could not be allowed. The major weakness of
cultured mammalian cells as test systems is
that they are isolated from the metabolic ac-
tivity of the intact animal (2).

Several strategies have been developed to
try to approximate the metabolic capabilities
of the intact animal in mammalian cells, The
simplest and most widely used activation sys-
tem employs homogenates of mammalian
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liver. Either the liver homogenate is incu-
bated with the test substance before it is ap-
plied to the cell culture, or the test substance
and the homogenate are included in the test
plates. A major difficulty with the liver micro-
some activation system is that it cannot be
prepared with reproducible enzyme levels
from one batch to the next. Storage condi-
tions also alter the activities of the prepara-
tions, Furthermore, not all the activation
mechanisms present in the intact animal are
represented in the liver homogenate. The
greatest advantage of the liver homogenate
method is that it preserves the simplicity of in
vitro testing (18).

Methods for mutagen screening have been
developed using many micro-organisms, in-
cluding fungi, bacteria, and viruses present
in bacteria. The most widely known system is
the “Ames test” which employs specially
bred strains of Salmonella bacteria. Figure 5
illustrates the steps in the Ames spot test. The
Ames plate test allows quantitative compari-
sons to be made of mutagenic potential (19).
Numerous other tests have been devised
which are in varying stages of validation (20).
Some of these are described in appendix C.

The great appeal of these techniques is that
they are rapid, simple, and inexpensive. No
animal colony is required, and the necessary
technical skills are those required for conven-
tional bacteriology.

These tests have been criticized because
the cell structure of bacteria is very different
from the cell structure of mammals. Valida-
tion studies now underway are attempting to
evaluate 30 mutagenicity assay systems for
their ability to predict chemical carcinogeni-
city (8).

Bacteria also lack the enzyme systems that
are the principal mammalian mutagen-acti-
vating enzymes. This criticism is partially
overcome by the use of liver homogenates de-
scribed above. Finally, each test is sensitive
to one particular type of genetic damage.
Therefore, the best approach is to use a bat-
tery of short-term tests designed to test for
the different types of genetic damage.

Interactions of Two
or More Substances

Tests designed to detect effects from inter-
actions of two or more substances are of lim-

Figure 5. —Steps in the Ames Spot Test

Suspected carcinogen
on filter paper
Rat-liver Tester
extract bacteria

\/

U

MUTAGENESIS is detected in the Ames test by mixing an
extract of rat liver (which supplies mammalian metabolic
functions) with tester bacteria (which cannot grow because
a mutation makes them unable to manufacture histidine, a
necessary nutrient) and plating the mixture on an agar
medium so that a thin layer of bacteria covers the medium
evenly, as is shown on a microscopic scale (1). In this “spot

2 days

assay” a dose of the chemical to be tested is placed on a
disk of filter paper on the tester bacteria. After 2 days most
of the his bacteria have died for lack of histidine (2), but
DNA damage caused by the chemical diffusing out from

the disk has given rise to mutations, some of which result

in reversion of the his™ mutation. The histidine-making
revertant bacteria proliferate, forming visible colonies (3).

SOURCE Redrawn wi h permissionDevoretr  Bactenal Tests for Polential Carcinogens  Scientific American 241 {2) 40 August 1979
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ited use for regulatory actions. This does not
mean that such information is not important.
It rather reflects the rudimentary nature of
our present understanding of interactions,
the complexities of the tests, and the difficul-
ties in interpreting the results in a fashion
meaningful to regulators.

Six different types of interactions may oc-
cur when two or more chemicals interact in a
biological system. The effects produced may
differ in magnitude from those caused by any
one of the chemicals alone.

If the interaction of two substances pro-
duces an effect equal to the sum of the
individual effects, the response is called
summation or addition.

If the interaction of two substances pro-
duces an effect greater than would be
anticipated from the sum of the individ-
ual effects, the response is known as po-
tentiation or synergism.

If the effect is less than the sum of the
two would predict, the response is an-
tagonism.

When an inert substance, having no
observed effect at a given dose, en-
hances the effect of another simultane-
ously administered chemically, the ef-
fect is usually referred to as activation.
If an inert substance decreases the ef-
fect of another chemical administered si-
multaneously, the effect is called inhibi-
tion.

Finally, there may be no interaction and
each chemical would exert its own effect
independently of the other (2 1).

Once ingested, a chemical may exert an ac-
tion locally in or on the stomach or intestines.
While such effects possibly could be pro-
duced by environmental contaminants, they
are not likely to be observed at the low levels
normally encountered in food. The more ser-
ious concern is the systemic effects that may
occur after absorption from the gastrointes-
tina tract.

Following absorption from the gastrointes-
tinal tract, additive chemicals may produce
their effect by acting on a target organ, by
acting on different target organs or systems,

or by acting differently on different organs to
produce the same effect. Most of the interac-
tions are at the biochemical level and the
mechanisms are still being studied.

The key consideration is whether present
testing technologies are adequate to provide
data that are useful in making regulatory
decisions. Techniques have been developed to
study the interactions of drugs, other chemi-
cals, and physical agents such as radiation.
Such techniques should be applicable to the
study of the effects of environmental contam-
inants. However, their scope is usually lim-
ited to the study of two component interac-
tions because of the large number of test ani-
mals required and the difficulties in inter-
preting the results. For example, a relatively
simple test involving two agents in a factorial
design would require about 100 animals. A
more recent study (22) of the combined ef-
fects of cadmium, mercury, and lead used 50
to 60 animals in each of 15 different treat-
ment groups. The results indicated that a par-
ticular combination of the three metals could
be synergistic, antagonistic, or additive, de-
pending on the relative doses employed (table
13).

Table 13.—Combined Effects of Cadmium (Cd),
Mercury (Hg), and Lead (Pb)

Metal

Interaction®t

combinationsa Antagonism Addition Synergism
Pb/Hg . ............ 0.64

Hg/Pb . ............ 147
Pb/ICd .......... ... 0.73

CdiPb . ............ 2.3
Hg/iCd............. 1.0
CdHg............. 0.54

(Pb+HQ)/Cd....... 1.2
(Hg+Pby/Cd....... 1.9
(Pb+Cd)/Hg....... 0.61

(Cd+Pb)/Hg....... 1.4
(Hg+Cd)/Pb. ... ... 184
(Cd+Hg)/Pb....... 1.7

8For each combination, the metal or metals in the numerator were held con-
stant at or near the essentially no-effect level (LD 1). The dose of the metal in
the denominator was increased to obtain a dose-response curve. When a pair
of metals appear in the numerator. the first was fixed at its LD 1 and the sec-
ond was increased to obtain an LD 1 for the pair.

Pinteractions are expressed as the ratio of the dose of the increased metal
alone needed 1o attain the LD 50 to the corresponding value for that agent in
the presence of a single metal or a metal pair. If the ratio is greater than 1. syn-
ergism has occurred. If the ratio is equal to 1, the interaction is additive. If the
ratio is less than 1, the interaction is antagonistic.

SOURCE: Adapted from J. Schubert. E. J. Riley. and S. A. Tyler, “Combined Ef-
fects in Toxicology —A Rapid Systematic Testing Procedure: Cad-
mium, Mercury, and Lead.” Journal ot Toxicology and Environmental
Health 4:763,1978
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The testing for interactions among toxic
substances is further complicated by the ne-
cessity to limit the number of substances
studied, Because of the large number of ani-
mals required, and the difficulties in inter-
preting results, the number of substances
tested are confined to those that may be most
important, Deciding what is ‘“‘important” to
study out of the vast number of toxic sub-
stances to which we are exposed is a difficult
problem, Perhaps a reasonable approach
would be to focus on those to which people
are known to be exposed (see chapter VII).
The choice could also be based on structure-
activity relationship or known mechanism of
action, Chemical selection for testing is being
reviewed and evaluated in an ongoing OTA
study entitled “Assessment of Technologies
for Determining the Carcinogenic Risk from
the Environ merit.”

The study of the interactions of two or
more substances is an area in which far more
basic research is required before meaningful
information can be generated for regulatory
decisions. At the present time, no satisfactory
methods exist for testing the interactions of
more than two chemicals.

Extrapolating From High Doses
to Low Doses

Quantitative risk assessment. based on
mathematical models, is often proposed as an
alternative to the current use of safety fac-
tors (chapter 111) (24,25). This approach is
now most extensively employed in assessing
carcinogenic risks (26). The technique is also
being investigated as a means to evaluate
other types of irreversible toxic effects (23).
The following discussion of mathematical ex-
trapolation of risk involves only its uses in de-
termining risks from chronic low-level carcin-
ogenic insults.

Mathematical models can be used to esti-
mate the number of extra cancers that are
likely to be caused by the presence of a car-
cinogen in the food supply. Models may be
used to estimate a tolerance based on calcu-
lations of a “safe dose’ for human consump-
tion. They can also forecast the likely change

in the number of extra cancers that would ac-
company some projected increase or de-
crease in the level of human exposure occur-
ring either as a result of regulatory action or
inaction, The technique is therefore used to
calculate benefits to be derived from re-
ducing human exposure to a substance.

The typical carcinogen bioassay uses
around 100 animals at each experimental
dose. If a particular experimental dose pro-
duces evidence of a lifetime increase in
cancer of 1 in 10, this increase can be meas-
ured using 100 animals. But if the increased
cancer risk is less than 1 in 100, this increase
will often not be detected even with a 100-
animal feeding experiment. The extra human
risk resulting from environmental exposure is
usually much smaller than 1 in 100 (perhaps
on the order of 1 in 100,000) for any given
chemical over a lifetime exposure. It would
not be practical to conduct an experiment
with enough animals to directly measure this
small an increase in risk (30).

For these reasons, carcinogen bioassays
use (in addition to a control dose of zero)
several doses at which the projected extra
cancer incidence may be 1 in 10 or larger.
These high-dose data are then used to esti-
mate the extra risk at a very low dose where
the extra risk may be no larger than 1 in
1,000,000. These problems are often referred
to collectively as the “low close extrapolation
problem” (30).

A low-dose extrapolation involves the
choice of a mathematical function to model
the dose-response relationship and the choice
of statistical procedures to apply to the math-
ematical function (24-29). The choice of math-
ematical function is crucial to the outcome of
a low-dose risk estimate. If the assumed rela-
tionship between tumor occurrence and dose
does not apply in the low-dose regions to
which the extrapolation is being made, a seri-
ous overestimate or underestimate of the
“safe dose’” may result. Even though different
dose-response models may agree in the ob-
servable response range, they could differ by
many orders of magnitude at low-dose levels.
Furthermore, there is no experimental way to
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predict the shape of the dose-response curve
at very low doses,

Because of the possible disparity of dose-
response functions when extrapolated to low
doses, the dose-response function must be se-
lected not only on the basis of how well it can
be made to fit experimental data but also on
the basis of known (or at least plausible) in-
formation on the biological mechanisms
through which a chemical induces or pro-
motes cancer. This is a major source of un-
certainty in extrapolation procedures, since
the exact biological mechanisms through
which carcinogenesis may occur are un-
known (30).

Several theories on the nature of the proc-
ess by which cancer develops serve as the
bases for different low-dose extrapolation
models. Some “linear” models project that
the relationship between the dose received
and the cancer risk is a straight line at low
doses and that there is no threshold. Other
models level off at low doses and therefore
predict that a threshold dose exists below
which the agent has no carcinogenic effect
(24-30).

Newer models take into account the effects
of metabolic activation and detoxification
upon carcinogenic dose response (26), These
“kinetic” models encompass free toxic sub-
stances, metabolizes, deactivators, and the
possible interactions of these substances,
Only a “steady-state” situation is studied in
that the variation over time of the concentra-
tions of these agents is not considered. If
deactivation of the carcinogen is 100-percent
efficient, the model predicts a threshold dose
below which there is no carcinogenic risk.
However, in a naturally occurring process, it
is likely that deactivation would be less than
100-percent effective. A number of modifica-
tions to the model allow for imperfect deac-
tivation. These situations rule out a threshold
and would lead directly to a model for which
carcinogenic response varies linearly with
dose at low dose,

The mechanisms through which most car-
cinogens produce cancer are not sufficiently
understood so that the shape of the dose-

response curve can be predicted with cer-
tainty, As pointed out earlier, experiments of
sufficient size to permit direct experimental
investigations of the dose-response curve at
low dose cannot be conducted. There are
plausible arguments that the dose-response
curve is linear at low dose for many carcino-
gens, On the other hand, no mechanism that
would lead to a more cautious dose-response
relationship has been seriously proposed ex-
cept for some dose-response relations in
radiation-induced carcinogenesis.

In view of these uncertainties, it would
seem reasonable to base estimates of added
cancer risk on a mathematical model that en-
compasses low-dose linearity until the mecha-
nisms through which the carcinogen operates
are understood sufficiently to conclusively
rule out low-dose linearity,

Caution must be used in interpreting the
results of low-dose extrapolations, partic-
ularly when they are applied to humans,
Table 14 demonstrates that different models
applied to the same data sets yield differing
estimates of virtually safe doses. Virtually
safe doses based on the multistage model are
identical with those based on the one-hit
model when there is only one experimental
dose. This is illustrated with Data Sets | and

Table 14.—Virtually Safe Doses Computed
From Three Different Data Sets and
Three Different Models

Virtually safe doses (lower
Dose- 95-percent confidence bounds

Data response for dose) in ppb corresponding
set model to extra risk of 1/1 ,000,000
Ja Probit 14.2
a . ... One-hit and

multistage 511
o Probit 180
o One-hit and

multistage .0551
He. . ... .. Probit 1.29
le........ One-hit .235
e, ... .. Multistage .205

'‘Kimbrough et al (1975). rat study with Aroclor 1260. using number of animals
with hepatoceliular carcinomas

'Kimbrough et al. (1975), rat study with Aroclor 1260. using number of animals
with liver neoplastic nodules.

Industrial Bio-Test (1971) rat study with Aroclor 1260. using number ot animals
with liver neoplastic nodules

SOURCE Adapted from K S Crump and M D Masterman Assessment of Car
cnogenic Risk From PC Bsin Food OTA Working Paper 1979
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II. The multistage model also yields virtually
the same value as the one-hit model for Data
Set Ill. However, as explained in appendix D,
the multistage model can yield higher values
for the virtually safe dose than the one-hit
model whenever the data exhibit upward cur-
vature and are inconsistent with the one-hit
model (30).

Caution also must be exercised when com-
paring calculations of extra lifetime risks.
Table 15 summarizes the results of an FDA
risk assessment of PCBs (31) with a similar
risk assessment commissioned by OTA (30).
Differences can arise in such calculations
when different methods are used to extrapo-
late from animals to man. The extrapolation
can be performed on the basis of milligrams
per kilogram of body weight per day, parts
per million of substance in the diet, milli-
grams of substance per square centimeter of
body surface area per day, or milligrams of
substance per kilogram of body weight per
lifetime.

Table 15.— Extra Lifetime Risks of Cancer
Associated With Consumption of PCBs in Food

Extra lifetime Upper limit of new

Dose (g/day) risk/100,000 cancers/year
FDA’

92 44 21

14 9 72 34

201« 98 47

OTA’

33( 013 4

3.7¢ ... 035 1

127f 5
ABased on NC | binassay o j 1 talmahgnan ies tor males and females
{Bels‘-’trmevhr(;u ght1a75istidy and hepatoceliutar care inomas
‘Basedonhighestionsumers30thperc entiteiotfishspeciescontamin ated
aithPCBs froleranceeslatlhic"®tiat12orappm
dRagedn FDATotal DietStudy 1076
"Baseton FOATotal DietStud, 1975
fBase ¢ » naverage intake ¢ ' ieople < neyming more than 24 1hsy ear Lak

Michigan fish

Differences also arise when varying ani-
mal data serve as the basis for the risk as-
sessment, And, of course, the choice of the
model also affects the final outcome. In this
case, both extrapolations were based on mil-
ligrams of PCB per kilogram of body weight
per day. Both FDA and OTA applied a linear
model: however, different assumptions were
made on the amount of PCBs that would be in-
gested and on the size of the exposed popula-
tion. FDA’s risk assessment therefore applies
to the 15 percent of the total U.S. population
expected to consume the fish species known
to be most highly contaminated with PCBs.
The OTA calculations are based on the aver-
age daily intake of PCBs based on FDA's total
diet study (3.3 and 8.7 pg/day) and on
estimates of the PCB intake of people who
consumed more than 24 lbs of Lake Michigan
sport fish per year.

Although many different dose-response
models exist and can be used for low-dose
risk assessment, it appears prudent at this
time to use a model that does not arbitrarily
rule out low-dose linearity. Models are still
being developed and when” appropriate could
be used to guide regulatory decisions. Dose-
response models for low-dose risk assessment
provide a useful technique for assessing the
possible added risk attributable to environ-
mental contaminants. Such models also might
well be used in place of safety factors in
future procedures adopted for food contami-
nant regulations. The major impediment to
the widespread use of the models in environ-
mental food contamination considerations is
the lack of data on which to perform the anal-
ysis.
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Chapter VI

Methods of Estimating and Applying
Costs to Regulatory Decisionmaking

In the previous chapter, various testing methods for assessing health risks
were evaluated for their usefulness in regulating environmental contaminants—
i.e., setting an action level or tolerance. The primary issue involved in assessing
health risks is not whether the potential risks from an environmental contaminant
should be evaluated for purposes of regulation but rather what testing methods
are most appropriate for assessing potential risks?

The situation is reversed, however, when the associated costs of an action
level or tolerance for an environmental contaminant are assessed. The primary
issue is whether the costs should be taken into account in the setting of a
tolerance or action level. This is a policy issue which is addressed in chapter IX,
“Congressional Captions. ” In this chapter, the various approaches and techniques
for estimating the costs and benefits of a proposed tolerance or action level are
assessed, along with two common methods for applying cost and human risk data
in the regulation of environmental contaminants. A more detailed discussion of
the approaches and techniques for estimating the costs and benefits is provided in
appendix E.

Two methods, the cost-effectiveness method and the cost-benefit method, are
analyzed for their strengths and weaknesses as regulatory decision-assisting

tools. This analysis provides a basis for the discussion in chapter 1X on the role of
economics in regulating environmental contaminants in food.

COST-EFFECTIVENESS

Cost-effectiveness is a regulatory decision-
assisting tool that compares the estimated net
costs of the proposed regulation in dollar
terms with estimated reduction of human risk
expressed in scientific terms. In the regula-
tion of environmental contaminants, the cost-
effectiveness method would compare the esti-
mated change in costs of a proposed action
level or tolerance for a contaminant in food
with the associated reduction in human
health risk—i.e., the benefits of the proposed
tolerance or action level. The comparison of
net costs and risk reduction is performed for
several alternative levels in order to select a
tolerance or action level. The principal cost
of regulatory action is the cost of food held off
the market because it exceeds the proposed
action level or tolerance. There would also be

a reduction in medical costs as a result in the
reduction of human risk. These costs would
need to be subtracted from the cost of re-
stricted food.

The cost in lost food would also have asso-
ciated distributional effects which would
need to be identified to fully weigh the impact
of a regulation. These effects would include
identifying the consequences for producers,
change in the cost of food to consumers, and
indirect impacts on such businesses as food
processors, animal feed manufacturers, or
bait and tackle shops,

The cost of food losses and related effects
would be compared with the estimated reduc-
tion of human risk for the contaminant at the
proposed action level or tolerance. The hu-
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man risk data could include such information
as the reduction in the estimated number of
new cancer cases, the potential mutagenic
and teratogenic effects, and other toxicologi-
cal effects described in chapters Il and V.
The toxicological effects vary by substance
and are stated in scientific terms. The esti-
mated net cost and reduced human risk at
various proposed action levels or tolerances
are estimated and compared. The cost-effec-
tiveness method then requires the regulatory
agency to make its own judgment on what is
the proper balance of net cost and reduced
human risk when setting a tolerance or action
level.

The Food and Drug Administration (FDA),
for example, followed a similar procedure in
its decision to reduce the tolerance for poly-
chlorinated biphenyls (PCBs). In deciding on a
2 parts per million (ppm) tolerance for fish,
FDA compared for 5 ppm, 2 ppm, and 1 ppm
in fish the estimated reduction of human risk
with the estimated increase in the amount
and cost of food expected to be taken off the
market. Table 16 shows the human risk from
cancer and cost data on commercial fish for
each of the three levels and the net changes
in risk and cost for moving to a 2-ppm and 1-
ppm tolerance. It is these net changes that
are evaluated in the cost-effectiveness meth-
od, Though FDA reviewed other available
toxicological data, it was FDA’s judgment
that the reduction in risk (13.3 cancers) for a
I-ppm tolerance did not offset the increased
cost ($10, 3 million) and that a proper balance
for the net changes was established at 2 ppm.

Thus, FDA has placed an implicit dollar value
on life. A more thorough application of the
cost-effectiveness method would attempt to
identify all the net changes in the benefits
(the reduction of all known risks) and all
known costs,

Judgment is an important aspect to the
cost-effectiveness method. It allows the deci-
sionmaking body, in this case FDA, flexibility
in interpreting health data and evaluating the
implications of that data on the setting of a
tolerance or action level. This flexibility can
be particularly important in the assessment
of insufficient or variable toxicological data.
While an agency’s interpretation of toxicolog-
ical data might differ from others and gener-
ate disagreement about the final decision, the
cost-effectiveness method does allow the com-
plexity and shades of gray to be factored into
the decisionmaking process,

The health data used in the cost-effective-
ness calculations are generated by the toxico-
logical and epidemiological procedures re-
viewed in the previous chapter. There are
also various approaches and techniques used
to estimate the costs of food likely to be taken
off or restricted from the market as a result
of a proposed tolerance or action level. The
cost estimates will vary depending on the ap-
proaches or techniques employed. All these
approaches require chemical analysis of a
statistically significant number of food prod-
ucts known or thought to be contaminated,
With such data, the amount of contaminated
food that exceeds the proposed action level or
tolerance can be estimated,

Table 16.— Impact of PCB Tolerance

Lifetime risk of cancer for

Tolerance heavy consumers of fish

5 parts per million (ppm) 9.8 per 100,000 or 46.8 new cancers

per year

2 p pm 7.2 per 100,000 or 343 new cancers
per year

1 ppm 4.4 per 100,000 or 21 new cancers per
year

SOURCE Federal Register VOI 44 No 127 June 29 1979 p 38333

One year cost (1974
dollars) of commercial Increasing
fish (land value) costs

Reduction
in human risk

Starting level $ 06 million Starting level
125 new cancers $ 57 million $51 million
13,3 new cancers $16 million $10.3 million
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FDA multiplies the estimated amount of
food removed from commerce by the appro-
priate price (production, wholesale, retail,
etc. ) per unit (pound, bushel, ton, or animal,
etc.). This method of estimating food costs is
not the most accurate way of estimating costs
and does not attempt to measure the indirect
costs or distributional effects that result from
an action level or tolerance.

There are two other approaches for esti-
mating the costs from the reduction of the
food supply: the alternative-cost approach
and the opportunity-cost approach. The alter-
native-cost approach estimates the cost of the
next best alternative method or methods, if
available, for replacing food removed from
the market.

For example, assume that 164,000 Ibs of
lake trout in Lake Superior were restricted
from commerce because of the 2-ppm toler-
ance for PCBs. The alternative-cost approach
would require cost estimates of each avail-
able method as well as various combinations
of methods for producing (and thus replacing)
the entire 164,000 Ibs of lake trout, the
amount condemned by the tolerance. In es-
tablishing the replacement cost, this ap-
proach does not consider price or supply
shifts in the restricted food product nor shifts
in the supply of other food products. Such
shifts are likely to occur when large amounts
of food in relation to the total supply are
taken off the market. Consequently, this ap-
proach can lead in some instances to an over-
statement of costs.

The opportunity-cost approach does in-
clude shifts in supply. But what information is
included in the analysis depends on which
technigues are used. The budgeting tech-
nique only includes shifts in supply for the
contaminated commodity. This technique
uses data on the production of the contami-
nated product to calculate the costs of pro-
ducing and consequently replacing a particu-
lar amount of that food product that has been
restricted from commerce. It is assumed that
other commodities will be produced in the

same amounts and at the same price that pre-
vailed before the establishment of the toler-
ance or action level.

The modeling technique, however, includes
not only supply shifts but also resulting price
shifts in both contaminated food and other
food products. With this technique, mathe-
matical models of the relevant portion of the
economy are employed to trace shifts in sup-
ply, changes in the amount and price of var-
ious commodities, and other factors affected
by the restriction on the use of a contam-
inated product.

These models can, if properly programed,
project changes in the production location of
particular crops as well as changes in the use
of various production factors in each region
of the country. Thus modeling can more real-
istically describe likely reactions in food pro-
duction to the change created by a tolerance
level. The result is a better estimate of the po-
tential cost of lost or restricted food.

In attempting to project replacement costs,
the opportunity-cost approach (using either
budgeting or modeling techniques) more ac-
curately estimates the true costs of a toler-
ance or action level then either the alterna-
tive-cost or the FDA approach.

The distributional effects of a tolerance or
action level can be incorporated in the cost-
effectiveness method. But the opportunity-
cost approach can better generate these dis-
tributional effects. With either method these
effects are most easily identified when the
data are initially being collected. The infor-
mation is important in determining who will
bear the brunt of the costs, both directly and
indirectly. The distributional effects flowing
from human health risks can also be identi-
fied. The available risk data can be assem-
bled to determine who bears most of the po-
tential and actual risks. Thus the distribu-
tional effects of the net cost and the reduction
of risk from a tolerance or action level can be
compared (1).
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COST-BENEFIT

The cost-benefit method compares the esti-
mated dollar costs of a proposed regulation
with the estimated dollar benefits of reducing
human health risks. The cost-benefit method
of setting tolerance or action levels also re-
quires the evaluation of several alternative
levels. The differences in benefits and costs
as one moves from one proposed regulatory
level to the next are then compared. The tol-
erance or action level would be lowered until
the costs (impact from food condemned) are
greater than the benefits (reduction of human
risks). When this level is reached, the eco-
nomically efficient tolerance or action level
will be the next higher level at which the ben-
efits exceed the costs.

By representing the costs and benefits for
a proposed action level or tolerance in dol-
lars, cost-benefit analysis attempts to make
the two sides of the ratio more comparable.
This method recognizes, as does cost-effec-
tiveness, that any proposed action level or
tolerance will incur costs in terms of food
taken off the market and benefits reflected in
the reduction of either actual or potential
health risks. As the level is lowered, costs in-
crease and human health risks decrease.

Techniques of estimating costs are similar
in the cost-benefit and cost-effectiveness
methods with the exception that the reduced
medical costs are included with the benefits.
There are some ways of valuing benefits,
though, which are unique to the cost-benefit
method.

Though both methods rely on the available
toxicological data, cost-benefit requires the
conversion of all data into dollar values. This
economic conversion is best accomplished
when the data are expressed as the number
of premature deaths per year avoided, the
number of person-days lost to illness avoided,
or the probability that some percentage of the
exposed population would die prematurely or
would lose a specified number of days from
normal activity due to illness.

Two approaches are available for convert-
ing the risks into dollars: forgone earnings
and willingness to pay. In the forgone-earn-
ings approach the analyst places an explicit
economic value on life in attempting to esti-
mate the productivity lost as a result of illness
or premature death caused by a contaminant
in food. This approach, however, does not in-
clude associated health costs such as medical
expenses incurred from illness. Including
such costs is required in order to more ac-
curately represent the total reduction of
health costs—i.e., the benefits. The willing-
ness-to-pay approach allows people affected
by the regulation (rather than the analyst) to
estimate how much they would be willing to
pay to avoid a risk.

The forgone-earnings approach attempts to
estimate the lost earnings of those individuals
who are estimated to become ill or die prema-
turely because of the contaminated food (I).
The estimated dollar value of the benefit will
be determined by various techniques chosen
or assumptions made by the analyst in con-
verting the risk data to a dollar value. Dis-
counting and earnings are two areas in which
the analyst can influence the value of the
benefit.

Since many of the benefits of a tolerance
are not likely to be realized until 10, 20, or 30
years later, discounting is used to convert
future dollar benefits into present dollars.
Discounting is also used for estimating future
costs. Discounting is required even if the fu-
ture dollars are adjusted for the rate of infla-
tion because a dollar spent now can be in-
vested productively to yield a larger number
of real dollars—i.e., inflation adjusted—in
the future, For example, $100 invested at 5-
percent interest becomes $105 in one year.
Discounting is the reverse: $105 next year
has a present value of $100 when the dis-
count rate is 5 percent. This means that
$10,000 worth of benefits that will occur 10
years from now would actually have a pres-
ent value of $6,135 if a 7-percent discount
rate is used,
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While most economists agree that future
costs or benefits need to be discounted, they
do not agree on the value of the discount rate.
The rate can vary from 1 percent to as high
as 15 percent (z). The rate, however, has to
remain constant for both the costs and the
benefits. Obviously, the value of the rate will
affect the estimate of benefits or costs, The
lower the discount rate, the greater the dollar
estimate in present dollars. Consequently,
more weight would be given to the benefits
and costs accrued in the future.

The estimate of the benefits also depends
on whether gross or net earnings are used.
Gross earning estimates include an individ-
ual’s or a group’s total wages or salaries. Net
earnings consist of total wages or salaries
minus the individual’s or group’s consump-
tion. Obviously the gross earnings estimate

will be greater than the net earnings esti-
mate.

The willingness-to-pay approach is concep-
tually a more correct approach in that it asks
the individual to place a dollar value on the
reduction of associated risks from an environ-
mental contaminant. This value is then used
for placing a value on life itself. While con-
ceptually correct, this approach does have
some inherent problems, such as: 1) the capa-
bility of the questioned person to accurately
understand the ramifications of the risk and
2) the individual’s economic position. For ex-
ample, an economically disadvantaged per-
son might place a small value on risk not be-
cause the person feels the risk is of little or no
concern but because that person cannot af-
ford an increase in food prices. This ap-
proach is affected by the assumptions made
by the public being surveyed.

APPLICATION OF METHODS FOR REGULATION

The use of the cost-benefit and cost-effec-
tiveness methods for regulatory purposes is
affected by the following factors: 1) FDA’s in-
terpretation of the Food, Drug, and Cosmetic
Act, 2) the approaches and techniques for es-
timating the economic value of the costs and
benefits, and 3) the inherent difference be-
tween the two methods.

As noted earlier, FDA interprets the Act as
requiring it to weigh only the impact of the
cost and the amount of food removed from
commerce in the setting of the proposed tol-
erance or action level. FDA’s approach for
estimating this cost can be applied in either
the cost-effectiveness or the cost-benefit
method, but both of these methods can rely on
alternative-cost or opportunity-cost tech-
nigues which more accurately estimate the
cost incurred from condemned food. These
other techniques also more accurately esti-
mate the tolerance or action level’s impact on
availability y of food than the approach used by
FDA.

Whichever technique is employed to esti-
mate the costs, adequate information is

needed on the amount of food likely to be con-
taminated. Such information was available
for PCBs in fish, but it is not available for
PCBs in milk, poultry, and eggs. This is be-
cause contamination of milk, poultry, and
eggs is likely to occur as a result of industrial
accidents. Such accidents are sporadic and
therefore difficult to predict (e.g., the July
1979 PCB contamination of poultry and eggs
in Idaho) (3). Consequently, the estimates for
costs incurred because of food removed from
commerce cannot be determined for such
contamination incidents, and thus neither
method can be employed. Both methods could
be used to set a tolerance or action level for
mercury and kepone in fish.

The approach and techniques used by the
cost-effectiveness methods for generating
necessary data can take considerable re-
sources and time, 2 months to over a year to
gather the data just for the costs alone. The
amount of time needed depends on the ap-
proaches and techniques used. The more ac-
curate the information being generated, the
more time and resources are required.
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FDA, however, often has to make an initial
decision in the form of an action level in 2
months or less for a newly identified environ-
mental contaminant. A sufficient amount of
time is usually available for utilization of the
various approaches or techniques if a follow-
up decision is involved. Forexample, 6 years
expired from the time an initial PCB action
level was proposed until a final tolerance for
PCB was proposed this year. Either method is
more likely to be used in setting a formal
tolerance than an initial action level for an
environmental contaminant.

The substantive difference between the
cost-benefit method and the cost-effective-
ness method is that the cost-benefit method
places an explicit value on life by converting
the health data to dollars while the cost-effec-
tiveness method places an implicit value on
life by weighing the health data in its scien-
tific form with the costs. As a result, a signifi-
cant amount of judgment is exercised by the
analyst using the cost-benefit method when
selecting the different approaches and tech-
niques for estimating the benefits. As dis-
cussed earlier, the selection of these ap-
proaches and techniques has a strong bear-
ing on the outcome of the ratio and conse-
guently the tolerance established by this
method.

The cost-effectiveness method places a
greater judgment burden on the agency and
less on the analyst. While the analyst does af-
fect the outcome, judgment is primarily exer-
cised by the agency in weighing the net cost
with the reduction in human risk (benefits).
The agency exercises less judgment in the
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cost-benefit method, which only requires a
comparison of the numbers for each side of
the ratio to establish the appropriate toler-
ance.

The cost-effectiveness method has the po-
tential to reveal more of an agency’s thinking
in the decision than cost-benefit does. This
was demonstrated with the earlier discussion
of FDA'’s setting of a 2-ppm tolerance for
PCBs in fish. In addition, because it recog-
nizes the uncertainties inherent in the esti-
mates of the health risks, the cost-effective-
ness method allows FDA the flexibility to ad-
just the weight given to the benefits or the
costs in its decision. For these reasons, the
cost-effectiveness method is the more appro-
priate method at this time for weighing the
costs in the setting of a tolerance.

Neither method can evaluate all the infor-
mation required by FDA in setting a toler-
ance. For example, FDA requires for enforce-
ment purposes analytical methodologies that
can detect, measure, and confirm the identity
of the contaminant at the level being pro-
posed in food. This means that the tolerance
cannot be set at a level below the available
analytical capabilities for detecting the con-
taminant in food. While the analytical capa-
bility is an important factor in setting a toler-
ance, it cannot be evaluated within the deci-
sionmaking framework by either method.
Consequently, these two methods should be
viewed as decision-assisting aids that allow
the regulator the means to weigh many of the
relevant costs and benefits in the setting of a
tolerance.
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Monitoring involves the systematic collection and chemica analysis of food
samples or other samples from the environment. The aim is to protect consumers
by determining short- and long-term trends in the levels of various chemicals in

food and the environment.

STRATEGIES

Monitoring strategies can be shaped to
achieve either of two objectives. The first is to
identify food lots that violate established
tolerances and action levels. The second is to
identify new environmental contaminants as
they enter the human food chain.

The first objective is met by regulatory
monitoring: the second through investigatory
monitoring. Each of these strategies could be
complemented by specimen banking. Neither
is incompatible or mutually exclusive.

Regulatory Monitoring

The Federal agencies responsible for limit-
ing consumer exposure to contaminated food
now conduct regulatory monitoring. Food
samples are collected and analyzed for envi-
ronmental contaminants for which action
levels and tolerances have been established.
Based on available information or agree-
ments with States, not all samples are ana-
lyzed for all regulated substances. Regulatory
monitoring employs standardized, accepted
analytical techniques. Because the proce-
dures are standard and can be verified by
other laboratories, they generate data that
can be presented in courts of law with little
probability of being successfully contested.

Chapter IIl reviewed Federal monitoring
programs and chapter IV reviewed State
monitoring programs. It is unlikely that these
monitoring programs will detect new envi-
ronmental contaminants, since both are re-
stricted to searching for regulated chemicals.

Therefore, investigatory
proaches are vital.

monitoring  ap-

Investigatory Monitoring

Investigatory monitoring attempts to detect
unregulated chemicals as they enter the food
chain. This strategy involves the collection
and analysis of samples which may or may
not be foods, The analytical techniques em-
ployed for the detection of unregulated chem-
icals may or may not be accepted as standard
methods comparable to those used for regula-
tory monitoring.

Analytical methods for investigatory moni-
toring include broad-spectrum determina-
tions that may sacrifice some quantitative in-
formation (i. e., exactly how much of a given
substance is present in a sample) for more
gualitative information (i. e., better assess-
ment of what or how many foreign sub-
stances are in the sample). These analytical
methods are not necessarily designed for use
in litigation, They are designed primarily to
indicate the presence of a potentially hazard-
ous substance. If one is found, an accepted
analytical method to detect the substance
would have to be developed—a method com-
patible with instrumentation existing in regu-
latory-monitoring laboratories.

Investigatory monitoring includes two dis-
crete types of monitoring: monitoring for sus-
pected environmental contaminants, and
monitoring for uncharacterized environmen-
tal contaminants. Each of these (as well as
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regulatory monitoring) can be complemented
by specimen banking.

Monitoring for Suspected Environmental
Contaminants

Some chemicals that are not regulated by
action levels or tolerances are suspected to
be dangerous to humans if consumed in foods.
This group includes chemicals that may be
present in food because of their use, toxicity,
production volume, and persistence. Exam-
ples of these chemicals can be found on the
Environmental Protection Agency (EPA)/
Natural Resources Defense Council (NRDC)
priority pollutant list established in June
1977. These substances may be called “sus-
pected” or “potential” environmental con-
taminants.

Monitoring for suspected environmental
contaminants involves a different strategy
than the one used in monitoring for regulated
contaminants. Under the latter strategy,
foods are analyzed for compounds with speci-
fied action levels and tolerances to provide in-
formation for regulatory enforcement. This is
not required for investigator,monitoring.
Thus, the monitoring program for suspected
environmental contaminants is generally not
as intensive (see chapter 111), Furthermore,
the analytical methods for detecting sus-
pected environmental contaminants may not
be as prescribed as those for regulated con-
taminants.

Suspected environmental contaminants
could be identified by surveying the universe
of industrial chemicals and ranking them ac-
cording to their potential for entering the food
supply in toxic amounts (I). Such an ap-
proach has been recommended to FDA by an
internal study group established by former
Commissioner Donald Kennedy (7),

This method has been employed by the
Food and Drug Administration (FDA) to devel-
op a list of chemical contaminants in food,
The criteria used in selecting the chemicals
included: occurrence in food, volume of pro-
duction, associated impurities or byproducts,
predicted environmental stability, pattern of

use, oil/water partition coefficients, bioac-
cumulation potential, known toxicity, and
means of disposal. The FDA list of chemical
contaminants in foods is shown in table 17.

This approach is limited by available
analytical methods. Most of the chemicals
recognized as food contaminants are those
that are relatively easy to detect by gas
chromatography or atomic absorption spec-
trometry. Chemicals that cannot be easily
detected by these methods may, of course, re-
main unidentified and unrecognized as food
contaminants (I).

The factors used to identify a chemical’s
potential for entering the food supply are
based on knowledge of the properties and en-
vironmental behavior of other chemicals
already known to be in food. This knowledge,
in turn, is based on our information about the
extent of contamination information that
depends on our analytical capabilities. Thus,
there is an inherent tendency to identify as
potential food contaminants those chemicals
that are similar to chemicals already iden-
tified in food. Such a tendency can only be off-
set by the use of good scientific judgment or
the development of new data. This bias illus-
trates a general weakness in all systems for
setting priorities: chemicals on which there is
no information will automatically be given
low priority unless some room is left for large-
ly intuitive judgments (1). The scientific cri-
teria and methods used in determining what
priority various toxic substances receive in
monitoring programs are discussed in more
detail in appendix F.

Although these exercises in setting prior-
ities suffer from many limitations (including
lack of data, poor choices of criteria on which
to set ranks, deficiencies in the scoring and
ranking systems, and deficiencies in scien-
tific judgment), they still can serve a valuable
function in guiding monitoring systems. Set-
ting priorities is a prescreening exercise in
which a compromise is struck between the ef-
fort expended in preparing a priority list and
the effort that would be wasted in identifying
and quantifying all the chemicals present in a
sample,
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Table 17.—Chemical Contaminants in Foods®

“hemical contaminant

Aromatic amines
I-naphthylamine.

N-ethyl-N-phenyl benzylamine ... ..
N-ethyl-N-(m-tolyl) benzylamine
3.3-dichlorobenzidene ...... ..
3enzidene . ... ...

lriaryl phosphates
dydraul 50E. . .. ... e

triphenyi phosphate. ............ ... ....
cumylphenyl diphenyl phosphate . ........
nonylphenyl diphenyl phosphate . . ........
sopropylphenyl diphenyl phosphate. ... ... ..

rixylenyl phosphate .. ... ............ ..
ricresylphosphate . ......................

2.ethylhexyl diphenyl phosphate ... ..... ..

Chlorinated benzenes
mnonochlorobenzene .. ... ... ... ...

1.4-dichlorobenzene. . ... ....... ... ... ..
1.2-dichlorobenzene. . ............. ... ...

1,3.5-trichlorobenzene .

1.2.4-trichlorobenzene . . .. .......... .. .. ...
1.2.3-trichlorobenzene . . ........... .. .......

1.2,.3.5-tetrachlorobenzene . ..
1.2,4 5-tetrachlorobenzene . .

1.2,3.4-tetrachlorobenzene . ... ... .. .......
pentachlorobenzene ......................

hexachlorobenzene . .. .

Chlorinated benzotritluoride

4-chlorobenzotrifluoride . . .......... ... ..
3.4-dichlorobenzotrifluoride . .. .............
2.4-dichlorobenzotrifluoride .. ..............
trichlorobenzotrifluoride .. .............
tetrachlorobenzotrifluoride . . ........ ...

Chlorinated toluenes

monochlorobenzylchloride® .. ..............
dichlorobenzylchloride® . .............. .. ..
trichlorobenzylchloride® . ..................
«.3.4-trichlorotoluene . ........... ... ......

Other chlorinated aromatics
p-chloronitrobenzene. ... ............

o-chloronitrobenzene. .. .. ... ... .. ...
3.4 dichloronitrobenzene. ... . ..............
2.3-dichloronitrobenzene. .. ................
tetrachloronitrobenzene .. ......... ... .....

pentachloronitrobenzene . .

pentachloroaniline. . ......................
pentachlorophenyl methyl sultide . ..........
pentachloroanisole ..................... ..

pentachlorophenol. ... ....................
octachlorostyrene .. .......... . ... ...

Chlorinated cyclics (non-aromatic)

lange in ppm

0.01-0.12

0.001-0.17
0.001-0.01
0.1-0.3
25

uptol
uptol
uptol
uptol
01-10
0.1-10
0.02-008
002-0.04
14

tr-6 7

03-2.0
tr0.1
0.2-0.8
unknown
unknown

unknown
unknown
unknown
unknown

0.01-0.33
0.01-0.33
0.01-0.33
0.006-0.12
0.05
0.01
tr
0.03
0.26
0.08
tr-0.15
0.1
tr-0.02
0.02-0.1
0.02-0.1

0.03-162
0.03-162
0.03 -16.2

N

Locations

Delaware River. Del

Buffalo River. N.Y.

Delaware River

Delaware River

Muskegon County, Mich. (waten!
Muskegon County, Mich. (waten)®

Naukegan Harpbor. 11

saginaw Hiver. Mmicn.
<ishacoquillas Creek, Pa.
Solumbia River. Wash.
Columbia River. Wash.
3UF-DO (animal fat)

lombigbee Kiver. Ala
Dhio River, Ohio
Niagara River, N.Y.
Nhite Lake. Mich.
Spring Creek, Pa.
Bald Eagle Creek, Pa.
Mississippi River, La.
Kimmswick. Mo.

).111n peanut oil
).07 in peanut oil

Niagara Kiver, N.Y.

Niagara River. N 'Y

KimmswICK, MO.
Cape Girardeau, Mo.
St. Louis. Mo.

St. Louis. Mo.
Kimmswick, Mo.
Kimmswick, Mo.
peanut oil

peanut oil

peanut oil

peanut oil

many rivers and lakes
peanut oil
Mississippi River, La.
Lake Ontario, N.Y.
White Lake, Mich.

Mississippl Kiver, La.
Mississippi River. La.
Cape Girardeau, Mo.
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Table 17.—Chemical Contaminants in Foods*—(cont.)

Chemical contaminant Range in ppm Locations
tetrachlorocyclopentene*. .. ... .. ... ... .. ..
pentachlorocyclopentene®. ... ... .. .. .. . .. unknown White Lake, Mich
hexachlorocyclopentene. .. ... ...... . ... ..
Chlorinated aliphatics
hexachlorobutadiene. . .. ... ... . ... .. .. .. tr-4.6 White Lake, Mich.
tr-4.6 Mississippi River, La
tr-4.6 Ohio River, Ohio
tr-4.6 Cane Girardeau. Mo.
hexachloroethane ..... ... ... ... ... .. . . 0.13
trichloroethylene . ... ... ... .. ... ... .. .. ... . unknown
tetrachloroethylene . .. ... ...... .. ... . .. . unknown Ohio River, Ohio
pentachloroethane. .. ...... ... ... .. . .. .. unknown
pentachlorobutadiene ... ... ... .. ... . ... ... unknown
Brominated aromatics
polybrominated biphenyls. ... ... ... ... . . tr-1.1 Pine River, Mich.
tr Ohio River, W. Va.
0.18 DET-DO (animal fat)
_ 43.8 DET-DO (chicken fat)
1.4-dibromobenzene. .. ... ... ... . . .... tr
1.2.4-tribromobenzene. . . ... .. .. ... . .. .. .. 0.05
1.2.4 5-tetrabromobenzene . ... .. ... . ... .. 0.04 Pine River. Mich
monobromobiphenyl® . ... . unknown
dibromobiphenyl* ... . ... unknown
Haloforms
CCls o unknown Houston Channel
CoCla oo unknown Houston Channel
dAal samples analyzed were freshwater fish except where indicated
byvater samples contaming dichlorobenzidine and benzidine were obtained near plant effluent

“Specific isomernsi unknown

SOURCE. Food andt Drug Administration. Division of Chemical Technology. Mar. 20, 1978

By applying appropriate criteria to the
universe of industrial chemicals, it may be
possible to detect potential environmental
contaminants in food that have not been iden-
tified as significant by other methods. Al-
though there is no truly independent way to
verify the reliability y of priority lists, such lists
could be generated for a pilot program de-
signed to evaluate this approach vis-a-vis un-
characterized monitoring.

Monitoring for Uncharacterized
Environmental Contaminants

Uncharacterized environmental contami-
nants are substances that may have entered
the food supply but which have not been
classified as regulated environmental con-
taminants or suspected environmental con-
taminants. Compounds may fall into this cate-
gory because they are not known or sus-
pected to occur in food. Because of a lack of

toxicity data on compounds, they may not be
recognized as threats to human health. This
class of substances is similar to suspected en-
vironmental contaminants in that there are
no stipulated analytical methods to detect
them and no monitoring is mandated. Unchar-
acterized environmental contaminants are
different from suspected contaminants in
that none have been placed on lists of poten-
tially harmful substances.

Although validated analytical methods for
identifying uncharacterized environmental
contaminants may be lacking, data on their
presence or absence can be generated. Chem-
ical analyses that are designed to show only
the presence or absence of a compound in a
sample are called qualitative analyses. In
many cases an accepted analytical method
for one class of compound will yield quantita-
tive results for those compounds and qualita-
tive results for others, Therefore, the pres-
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ence or absence of some suspected or unchar-
acterized environmental contaminants may
be determined even though the chemist is not
specifically looking for them.

In setting up a system of monitoring for un-
characterized environmental contaminants,
some preliminary judgments would be made
about the chemical nature of the target sub-
stances. Classes of compounds to be moni-
tored would be selected on the basis of their
structural characteristics, their use, and
their suspected toxicity. Trace metals, halo-
genated hydrocarbons, or radioactive sub-
stances are examples of such classes. The
class of compound determines the type of ex-
traction required to separate the substance
from other constituents of food, as well as the
instrumentation needed to detect the pres-
ence of the substance.

The available analytical methods best
suited for the class or classes of compounds
under consideration would be selected. The
guestion of whether analytical techniques
are sufficiently advanced to support unchar-
acterized monitoring is explored in chapter
VIII.

The establishment of an uncharacterized
monitoring program would require the devel-
opment of appropriate sampling and sample-
handling guidelines. It would also be neces-
sary to modify currently used analytical pro-
cedures. For example, a typical program for
organic contaminants would involve prelimi-
nary screening to establish baseline levels of
contamination in samples of food and water
or selected indicator species over a given
period of time. This information would then
be used to develop an appropriate sampling
plan to determine changes or trends over
time. An increase in levels of an uncharac-
terized substance indicates its entry into food
and water. This finding would trigger addi-
tional analytical efforts to characterize the
new compound. Preliminary information on
the substance’s structure would be trans-
mitted to toxicologists for evaluation and
comparison With available information  on

known toxic compounds. If alarming trends

or changes were observed, corrective regula-
tory actions could be taken.

Specimen Banking

It is difficult to detect environmental con-
taminants unless one is specifically looking
for them, Monitoring methods for identifying
suspected and uncharacterized environmen-
tal contaminants promise to partially allevi-
ate the problems. Yet, even as new analytical
instrumentation is developed and scientific
knowledge expands, there will be new classes
of compounds discovered in foods that have
been present for years but were undetectable
with then-existing instrumentation. Informa-
tion on how long the compounds have been in
food, what kinds of foods are affected, and
from what areas the foods were derived
would be of great help to epidemiologists and
public health officials who must decide
whether or not the chemicals have had (or
will have) an adverse impact on the public.

One approach to this problem is the collec-
tion and storage of samples on a regular basis
and in a manner that will protect their chem-
ical integrity. In the future, when new instru-
mentation is developed or a toxic compound is
discovered in foods, samples can be with-
drawn from storage and analyzed. This in ef-
fect would be retrospective analysis. Investi-
gators could go back in time, reconstruct
events leading to a current situation, and esti-
mate human exposures from the consumed
foods.

There are examples of this kind of retro-
spective detective work. When high concen-
trations of mercury were discovered in tuna
and swordfish, pollution was widely held
responsible, But analysis of museum speci-
mens that had been stored for decades in-
dicated that the mercury levels were prob-
ably as high a century ago as now. Therefore,
the mercury in fish may be from natural
sources and may have always been so. This
does not mean that the metal is not a potential
health threat but rather that the potential ex-
posure from eating the fish has not changed
much over the years.
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There is a problem in utilizing most exist-
ing collections for retrospective chemical
analysis. Since samples were not collected
for use in chemical testing; they were not
stored in a manner to maintain their chemical
integrity. A 1975 survey of environmental
specimen collections in the United States by
Oak Ridge National Laboratories concluded
that few of the existing collections were suit-
able for retrospective chemical analyses (2).
Therefore, a need exists for a national pro-
gram to collect, store, and maintain environ-
mental samples (including food) to allow ret-
rospective investigations,

EPA and the National Bureau of Standards
are now working towards developing such a
program by testing various methods of pre-
serving samples for long periods of time with-
out either adding unwanted chemicals or los-
ing ones that are already in the sample. A
number of scientists are encouraging this
program and similar efforts (3-5). If continued
funding is made available for specimen bank-
ing of environmental samples (including
foods), future investigators will have an easi-
er job of assessing what impact environmen-
tal contaminants in foods may have.

SAMPLING

Sampling involves the systematic collection
of information from a portion of the environ-
ment. Sampling is done in such a way that the
collected samples represent the whole in
terms of the information desired. In regula-
tory monitoring the samples must be food
commodities because the intent of the pro-
gram is to determine the levels of regulated
substances in the food supply. This informa-
tion is the basis for enforcement actions.

Food samples may not be the best indi-
cators if the monitoring is meant to serve as
an early warning system—in other words, to
detect a substance soon after it enters the en-
vironment and before it gets into foods. It may
be better to analyze nonfood samples such as
river sediments, water, or uneaten organs
from food animals (the organs may concen-
trate the substance to analytically detectable
levels before it can be seen in the flesh). The
finding of an environmental contaminant in
nonfood samples would trigger the examina-
tion of foods.

The following discussion outlines the pri-
mary considerations in selecting samples for
investigatory monitoring systems. Construct-
ing a sampling plan for such systems involves
a number of decisions based on preliminary
information about the nature and extent of
environmental contamination. Such decisions
include the number, sites, frequency, and
types of samples.

The number of samples to be taken de-
pends on how much risk of being wrong we
are willing to accept. In other words, to what
degree of certainty do we want to know that
our food is free from environmental contami-
nants? One-hundred percent certainty would
require analysis of every food item. Accept-
ance of a lesser degree of certainty allows the
use of less costly sampling approaches.

Before preliminary data are collected,
there is no way to calculate the exact number
of samples needed to yield an answer of
specified certainty. The most difficult factor
to estimate is the variation specific to each
contaminant and how it changes over time
and space. This kind of information would
have to be collected in pilot programs for
suspected and uncharacterized monitoring
before a national sampling plan could be
developed. The number of samples taken will
probably be constrained by the money, man-
power, and available laboratory resources.

The density and location of sampling sites
depend on the socially acceptable level of
uncertainty, whether the contaminant stems
from a point or nonpoint source, and how it is
transported in the ecosystem.

If one is dealing with widely distributed
nonpoint source environmental contaminants
that are transported through water, the ideal
sampling locations would be rivermouths that
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are discharge points of major watersheds.
one could very effectively monitor the in-
dustrial portion of Michigan by sampling
shellfish or fish from some two dozen major
rivers just as they enter the Great Lakes.
Baseline levels in these foods could be deter-
mined, but the origins of the contaminants
would be difficult to determine (6).

The other extreme is to monitor food prod-
ucts on a production, site-specific basis. If the
aim were to inventory all industries (includ-
ing agriculture) that utilize and/or discharge
a toxic substance, one could then routinely
monitor food products, fish, and game at each
identified site. Theoretically, the kepone and
polybrominated biphenyls (PBB) situations
would have been detected much earlier with
such a system. The number of operations
(large and small) that would need to be moni-
tored is unknown, but the total appears to be
so large that the costs would preclude consid-
eration of this alternative (6).

A reasonable compromise approach is to
use information generated under the Toxic
Substances Control Act on the types of chem-
icals manufactured at various locations to
guide in the development of a sampling plan
for use in investigatory monitoring systems.
The sampling plan would focus on some food
organisms and some nonfood items. The data
derived from analyses of such samples would
yield the greatest information about environ-
mental contamination trends in the region
from which the samples were drawn.

The frequency of sampling depends on the
rates a t which the contaminant moves
through, accumulates in, and decomposes out
of the food production system being moni-
tored, Different food production systems have
different genetic and environmental charac-
teristics that determine the rates of material
dynamics or transfer. For a beef feedlot, a
range of 50 to 180 days would include the
period involving a single-batch process. For
an apple crop, a single sample per year would
suffice. The frequency of sampling may be
different for each type of production process.
Once the species and the characteristics of

the production systems have been identified,
the appropriate sampling frequency can be
determined (6),

The selection of the types of samples to be
collected is also critical in identifying en-
vironmental contaminants as they enter the
food chain. Although biological samples offer
many advantages in monitoring systems, non-
living samples may be preferable in some in-
stances. An example might be bottom sedi-
ments from rivers, lakes, or estuaries. Bottom
sediments are derived, for the most part,
from erosion of land and often bring with
them to the aquatic environment substances
that are used on land such as herbicides or
pesticides. Moreover, once they are in the
agueous environment, they can “sorb” or
concentrate many substances found in indus-
trial discharges. The contaminated sediments
then serve as a mechanism to expose the
plants and animals that live in the waters to a
particular chemical. Contaminated sediments
may also be used to pinpoint the source of a
chemical once it has entered the river, lake,
or estuary (6).

Other types of nonliving samples might in-
clude air, river water, drinking water, or
rain. All have certain advantages and disad-
vantages. For instance, the concentrations of
many environmental contaminants in air and
water are very low, causing problems for the
analytical chemist. When a substance is
found in air or water, it is sometimes difficult
to determine where it entered the system.
However, because we breathe the air and
drink the water as well as eat the food from
these environments, air and water cannot be
eliminated as potential samples (6).

The most appropriate biological samples in
an investigatory monitoring system should
reflect key elements in the human food chain.
Samples may include not only traditional
agriculture products but also fish, game,
shellfish, crustaceans, and wild fruits and
nuts, Many of these wild foods also accumu-
late both point and nonpoint source environ-
mental contaminants. Criteria for selection of
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the exact organisms should include the fol-
lowing characteristics:

position in the food chain,

lifespan,

feeding behavior,

understanding of the organism’s physiol-
ogy and biochemistry,

body fat content,

mobility,

availability for sampling, and

utility to humans (6).

e o o o

Once a sampling plan is developed and
samples collected and analyzed, the data
must be presented in a form useful to the
regulator. The data analysis should be rapid
and provide information on trends as well as
specific concentrations without significant
distortion or deletion. Even with the best-
designed computer retrieval system, the nec-
essary data bank would become extremely
large, complex, and expensive.

The supply of data must also be timely. If
one wishes to regulate the level of an environ-
mental contaminant in food when concentra-
tions vary weekly, a monitoring system that
reports data with a 6-month delay is not
workable.

Finally, to develop information on exposure
trends and determine the effectiveness of
regulatory monitoring and enforcement, hu-
man tissues, blood, and urine can be analyzed
for the presence of environmental contami-
nants. Human monitoring can be performed
for either regulated, suspected, or uncharac-
terized substances. A sampling plan to detect
trends in exposure among different popula-
tion groups could be developed, but data gen-
erated from human monitoring would be un-
able in most cases to identify the source of ex-
posure. At the present time, EPA houses the
principal human monitoring program. This
program is primarily concerned with pesti-
cide residues.

QUALITY ASSURANCE

To ensure that data generated by any moni-
toring strategy are as accurate as possible,
schemes have been developed to pinpoint er-
rors. These schemes are called quality assur-
ance programs. Such programs are manda-
tory in analytical laboratories because the
possibility y of errors always exist.

Errors arise from a number of sources. For
instance, impure chemical reagents, dirty
glassware, or sample containers can impart
contaminants to the sample that may inter-
fere with the analysis and result in false
readings. Instruments are not always stable
and may give false readings. Some samples
may contain substances that interfere with
analyses, or a substance may be bound in a
sample in such a way that normal extraction
met hods will not extract it. Another factor is
the potential for human error in the labora-
tory. These factors, singly or in combination,
can lead to reported concentrations that are
in error. Since commodities that violate
standards could be marketed and consumed
if the results were erroneously low, human

health might be affected. If the results are
erroneously high, undue economic hardship
may be imposed on the food producer.

The Federal agencies that monitor foods
for environmental contaminants are aware of
these problems. Thus they use standardized
analytical methods that have been tested and
therefore offer some assurance that the re-
sults will be acceptable in court. When avio-
lative sample is found, the product or batch is
reanalyzed whenever possible to assure that
results are valid.

These two practices are part of a quality
assurance program. There are others as well.
When a new chemical extraction or analysis
technique is tested, it is important to analyze
a sample w i t h known composition t o check
the validity of the technique. Also, during
routine determinations samples of known
composition should be analyzed to check on
the other types of potential errors. The
samples of known composition are called
“reference material® and may come from
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various sources including the National

Bureau of Standards and EPA,

Available reference materials do not
always satisfy the needs of current chemical
monitoring programs, since such materials do
not contain many known environmental con-
taminants. Moreover, the contaminants may
not be stable under the storage method used.
This is particularly true for synthetic organic
chemicals. Another problem is that the type
of reference material-i.e., beef liver—may
not be similar enough to the food samples to
be analyzed--i.e., fish—to be very helpful.

This points up an important gap in our
ability to analyze accurately for environmen-
tal contaminants in foods. The variety of
reference materials and the variety of com-
pounds of known concentration in these mate-
rials are insufficient to satisfy the needs of
the analysts. More effort must be expended
to correct this problem.

Collaborative studies that involve more
than one laboratory or group analyzing the
same sample by the same or different meth-
ods are part of a quality assurance program.
If all results are similar within acceptable
limits there is some assurance that the meth-
od(s) are precise and perhaps accurate,

Often, more than one method can be used
to measure a given contaminant. Confidence
in accuracy can be increased if the methods
agree. This is one of the reasons that a moni-
toring laboratory should have several meth-
ods available.

All of these aspects are important to
assure that the proper answers are gener-
ated by a monitoring laboratory. All are time-
consuming and expensive. Therefore, any
chemical monitoring program must allocate
as much as 10t o 20 percent of its time for this
increased workload.
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Chapter VIII

Monitoring Instrumentation

Various instruments have been designed to detect and quantify organic
chemicals, trace metals, and radioactivity in foods. This chapter focuses on not
only the technological state of this analytical art but also how such instrumenta-
tion could be applied in an investigatory monitoring program.

ORGANIC ENVIRONMENTAL CONTAMINANTS

Analysis

The vast number and wide diversity of nat-
ural and synthetic organic chemicals pose
difficult analytical problems. Many methods
and instruments have been developed to de-
tect and quantify specific environmental con-
taminants in foods. There are generally three
steps required for each type of analysis: ex-
traction, cleanup, and detection and quantifi-
cation. Figure 6 is a flow chart depicting how
these steps would be applied to the analysis
of the Environmental Protection Agency pri-
ority pollutants in food.

Extraction usually involves mixing the food
sample with a selected solvent. In this step,
the chemical is removed from the food and
dissolved in the solvent. The time required for
this step depends on the physical and chemi-
cal characteristics of the food sample and the
substances. In some cases, the process may
take 24 hours or more. The initial extract con-
tains not only the substance of interest but
possibly other organic compounds of similar
volubility that must be removed before
analysis.

The second step is known as the cleanup or
isolation stage. The complexity and time re-
quired for this procedure depends on the food
sample and the number of substances to be
removed. In many cases multiple cleanup
steps are necessary. The end products of
cleanup procedures are fractions containing
different classes of organic compounds.

The final step, detection and quantifica-
tion, requires the use of highly sophisticated

instruments and techniques. Among the most
frequently used methods are mass spectrome-
try, gas chromatography, and liquid chroma-
tography. Table 18 summarizes the tech-
niques available for qualitative and quantita-
tive organic analysis. More information can
be found in appendix G.

The gas chromatography is an instrument
designed to separate, identify, and quantify
organic compounds. In simplified terms it
consists of four components: an injection
port, a column, a detector, and a recorder.
There are many types of injection chambers,
columns, and detectors, but the principles of
operation are similar.

Gas chromatography involves vaporization
of the sample to be analyzed. The gaseous
sample then passes through a long tube or
column packed with a solid matrix which is
coated with an organic compound. This is
called the “liquid phase. ” The rate at which
various organic compounds in the sample
pass through this column is a function of
various chemical and physical properties,
notably molecular weight. polarity, and geo-
metric structure. The time of passage through
the column is called the “retention time. ”
Each compound has a characteristic reten-
tion time in the column.

To determine when and how much of each
substance leaves the column, a detector is
placed at the end of the column. The retention
time can be used to identify each compound,
while the strength of the electrical signal
from the detector indicates the quantity. The

93
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Figure 6.— A General Scheme for the Qualitative and Quantitative Analysis of the Organic EPA Priority
Pollutants in Semisolid Foods
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identity of the compound is confirmed by com-
paring its retention time to that of a series of
standard solutions (of known composition) in-
jected into the gas chromatography under the
same conditions. The areas under the
graphed peaks of a sample readout or “fin-

gerprint” are compared to a standard “fin-
gerprint” to determine how much of each
substance is present in the sample, If a peak
in the sample fingerprint, for example, has
the same retention time but twice the area as
one in the standard fingerprint, it is assumed
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Table 18.—Techniques Available for Qualitative and Quantitative Organic Analysis

Approximate

Method detection limit, gm
Gas chromatography

Retention Indices. ., 10'°(H:flame)
Electron capture 102
Flame photometer. 10°(S), 10" (P)
Nitrogen/phosphorus 102
Chemical methods

Pyrolysis .. .. . . . 10
Chemical reagents. ., 10¢
Electrolytic systems . 10®
Instrumentation

infrared-grating 10
Infrared-interferometer 107
Ultraviolet ... . . . . . . .. Variable to 10-'°
Proton magnetic resonance 10-®

Mass spectrometer

Batch inlet . 107
GC-MS mode . . . ... .. 10"
Multiple-ion detection . . . . 102

Phosphorus,
Nitrogen, phosphorus

Compound-category-type
Compound-category-type
Aromatics conjugated carbonyls

Excellent for function, some molecular weight

Specificity or common uses

Detects most compounds
Halides, conjugated carbonyls, nit riles, di- and

trisulfides
sulfur

Compound-type determinant ion
Classical-functionality determination
Sulfur, nitrogen, halogens

identification
identification

data.

Best for complete identification,

molecular weight structure, and
function. Confirm any compound.

SOURCES Adapted Ir-o}ﬁ W McFadden Techniques of Combined Gas Chromatography/Mass Spectrometry Wiley-intersci
ence New York N Y 1973, p 4, and “Trace Organic Analysis ‘Environmental Science and Technology 12757

(1978)

that the identity of the sample peak is the
same as that of the known standard but that
twice as much is present.

Recent developments in analytical organic
chemistry promise new, more sensitive tech-
niques for monitoring of synthetic organic
chemicals in foods. These developments in-
clude high-resolution glass capillary columns
for gas chromatography, and the linking of
gas chromatography to mass spectrometers.

The glass capillary column is much more
efficient in separating compounds than the
older “packed” columns (figure 7). The gas
chromatograph’s packed column separates
the individual components so that they exit
the column and enter the detector one at a
time. Some of the early data on the pesticide
family DDT-DDE-DDD were incorrect be-
cause polychlorinated biphenyls (PCBs) had
similar retention times in packed columns. As
a result, reported concentrations of DDT,
DDE, and DDD were often too high because
the peak areas were really reflecting a com-
bination of pesticides plus PCBs (I). Because
of their superior resolution power, glass cap-
illary columns avoid some of these problems.

Also because less cleanup is required, their
use reduces the possibility that an important
environmental contaminant may be removed
in the process of preparing a sample for anal-
ysis.

Although the capillary column offers a
number of advantages, it is more expensive
and difficult to use than the standard packed
column. More highly trained personnel are
required to operate capillary columns and in-
terpret results. However, many chemists feel
that the advantages far outweigh any difficul-
ties. Glass capillary columns are not now
widely used for monitoring synthetic organics
in foods. Packed columns continue to play an
important role in the organic chemistry moni-
toring laboratory, but their future use may be
restricted to more specific analyses.

Gas chromatography are currently the
primary means by which laboratories moni-
tor for organic chemicals. Some chemists,
though, prefer mass spectrometers because
of their high sensitivity and flexibility (z). The
coupling of a gas chromatography to a mass
spectrometer introduces a new dimension
that allows a chemist to identify compounds
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Figure 7.—Comparison of the Gas Chromatographic
Analysis of a Standard Mixture of Polychlorinated
Biphenyls (Aroclor 1254) on Two Types of Gas
Chromatographic Columns

A: Analysis Using a Conventional Packed Column
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classed as uncharacterized (3). Moreover, re-
sults from a mass spectrometer can confirm
the identity of known chemicals whose pres-
ence (as indicated by gas chromatography
alone) is in doubt because of sample contam-
ination or other factors. Mass spectrometers
are expensive and in addition require compu-
terized data management systems.

Because of their physical and chemical
characteristics. many organic compounds
cannot be analyzed by gas chromatography.

Therefore, instruments such as infrared
spectrophotometers and high-pressure liquid
chromatography are necessary. These instru-
ments add many thousands of dollars to the
costs of setting up and equipping an up-to-
date organic chemical-monitoring laboratory.

Application to Investigatory
Monitoring

Although the instrumentation described
above has been available for several years, it
has only recently been utilized for investiga-
tory monitoring. Experimental projects incor-
porating computer analyses are now under
study in at least three research facilities: the
Bodega Marine Laboratory, the University of
New Orleans, and the Virginia Institute of
Marine Science, These projects employ high-
resolution glass capillary gas chromato-
graphs coupled to mass spectrometers and
sophisticated computer analyses, The result-
ing “fingerprints” or readouts from a sample
extract are highly complex and show the
presence of not only known or suspected envi-
ronmental contaminants but also many or-
ganic compounds that must be classified as
uncharacterized.

The three research groups are now testing
an approach to determine which compounds
deserve further testing. The gas chromato-
graphic fingerprints are computerized so that
information on retention times and peak in-
tensities are stored. Subsequent samples are
collected and analyzed and the data are com-
puterized in the same manner. By comparing
results from the same location over time (or
with samples taken from other locations), one
can determine whether peaks are increasing
or decreasing, whether new peaks have ap-
peared or old ones have disappeared, or
whether some peaks occur only in some loca-
tions.

With appropriate computer programs or
“soft ware, ” the data bank could be asked if
there is a peak that occurs in samples from
only one area or location. If so, the inves-
tigator can assume that the compound is an-
thropogenic, or man-induced, The compound
could then be identified and its source con-
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trolled before the concentration increased to
the point that a major contamination episode
occurred. This type of monitoring could have
detected kepone in the James River, Va., long
before thousands of pounds of the pesticide
entered the river.

Another question which could he asked of
the data bank is whether there is a peak that
is increasing with time. In other words, does
sampling over time indicate that a compound
is becoming more concentrated? Such a find-
ing would flag the compound as one which
merits attention, Had this type of monitoring
program been in effect and this question been
asked earlier, widespread pollutants such as
PCBs could have been detected long before
they were,

Other information from the chemical labor-
a tory car-r draw attention to an uncharacter-
ized substance deserving attention. For ex-
ample, gas chromatographic detectors exist

that respond mainly to organic compounds
containing halogens such as chlorine or bro-
mine. Because naturally occurring halogen-
containing organic chemicals are rare and
are far outnumbered by manmade ones, an
uncharacterized peak from a halogen-specif-
ic detector may represent a manmade com-
pound, Historically, halogen-containing or-
ganics such as DDT, PCBs, polybrominated
biphenyls (PBBs), and kepone have caused
major pollution crises. Therefore, such infor-
mation may be sufficient to focus attention on
a given peak from a halogen-specific detec-
tor.

Uncharacterized substances may or may
not be dangerous to human health if con-
sumed. But no assessment of toxicity can be
made until the compounds are identified. To
perform the chemical and physical tests nec-
essary to identify even one uncharacterized
peak may cost from $10,000 to $100,000, and
in some cases even more.

DETECTING AND QUANTIFYING TRACE METAL CONTAMINANTS

Trace metals pose many of the same prob-
lems that plague the analyst monitoring for
organic chemicals. However, the number of
trace metals is much smaller. If only the total
concentration of a metal is sought, more rig-
orous extraction procedures can be em-
ployed. But some metals, such as mercury,
form organic complexes--for instance, meth-
ylmercury--which give rise to a subset called
metallo-organics. These metallo-organics are
not stable under harsh conditions and are
often changed during rigorous extraction pro-
cedures.

Analysis

Analysis for trace metals usually requires
extraction and cleanup before the quantita-
tive analysis can be performed. Extraction
often involves destruction of the sample’s or-
ganic structure to release the metals from the
solid or liquid food. There are a few analyti-
cal instruments such as X-ray emission spec-
trographs that can accept solid or liquid sam-

ples, thus eliminating the extraction step (4).
But these instruments cannot detect all met-
als at environmental concentrations.

Depending on what instrumentation is used
in the final analysis, some cleanup of the ex-
tract may be required. The cleanup step is
not nearly as frequent with trace metals,
however, as with organic chemicals except if
a metal lo-organic complex is sought. For
metallo-organic compounds cleanup and sep-
aration procedures may be similar to those
for organic compounds. After extraction and
possibly cleanup, the sample is ready to be
analyzed by an instrument to determine
which metals, and how much, are present.
There are a variety of instruments available
for the determinations.

Probably the most commonly used instru-
ment is the atomic absorption spectrophotom-
eter (AA). The cost of this instrument is nom-
inal ($ 15,000 to $25,000), and i t can be oper-
ated by a well-trained, motivated technician
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with a high school chemistry and physics
background working under the supervision of
a chemist. One drawback of this instrument
is that only one metal can be analyzed at a
time.

In contrast, more sophisticated instrumen-
tation such as X-ray emission, proton-induced
X-ray emission, or plasma emission spectrom-
eters can cost in excess of $100,000. With
these instruments, 20 to 60 elements can be
determined simultaneously. These more so-
phisticated instruments require more highly
trained personnel to operate and maintain.
Table 19 summarizes the techniques avail-
able for qualitative and quantitative analysis
of trace metals. More information can be
found in appendix H.

Application to Investigatory
Monitoring

Itisimportant to note that most AA units
can detect only the specific element (metal)
that they are set up to analyze. By contrast,
the gas chromatography may sometimes detect
the presence of organics other than those
being sought. As a result, metals are more
likely than synthetic organics to escape detec-
tion simply because they are not programed
for analysis.

With the rapid development of lower cost
techniques for detecting more than one ele-
ment at a time, it would be possible to obtain
data on trace metals in foods that were pre-
viously not sought and therefore not obtained.

This is analogous to uncharacterized organic
monitoring where many unsought compounds
can be found in the analysis of a food extract.
Given the proper data systems, these “other”
metals can be tracked, and perhaps pollution
crises can be averted by detecting anomalous
concentrations early enough.

Speciation of Trace Metals

Often the active or functioning forms of ele-
ments must be identified and measured. The
need for the development of analytical meth-
odology to identify and quantify the chemical
form of metals found in the environment—
i.e., chemical speciation—is pointed up by the
following examples.

- Although arsenic is toxic, the plus three
oxidation state, As (lll), is more toxic
than the plus five state, As (V). The com-
pound arsine, AsH.,, is perhaps the most
toxic chemical form of arsenic.

« Alkyl (organic) mercury compounds pose
greater propensities for bioaccumula-
tion and the associated health effects
than do the more common inorganic
forms of mercury (but these also can
vary greatly in toxicity).

Chemical forms or states are an important
determinant of a trace metal’s toxicity in bio-
logical systems. The selection of elemental
analysis techniques capable of specifically
measuring those chemical forms most impor-
tant from a biological-effects viewpoint

Table 19.—Techniques Available for Qualitative and Quantitative

lechnique

Atomic absorption
Flame ................. ..
Furnace ......... ... ... ..
Atomic emission. ...........
Neutron activation analysis . . .
2lasma emission
Inductively coupled plasma .
Direct current plasma . . . . ..
2roton-induced X-ray emission

SOURCE: Adapted from R. K Skogerboe
OTA Working Paper. 1978

Trace Metal Analysis

Approximate

detection limit Specificity orcommon uses

0.005 ug/ml Single element analysis, but multielement
0.00002 ng/ml prototypes are under development
0.02  ug/ml Single element capabilities
0.03x 10°g Multielement capabilities
0.002 ug/ml Multielement capabilities
0.01 w@/ml Multielement capabilities
0.02 ng/gm  Multielement capabilities

Analytical Systems for the Determination of Metralsv in Food and Water Supplies,
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should be a primary objective of any environ-
mental monitoring program.

The status of the present analytical tech-
nology is inadequate for this purpose in most
routine monitoring programs. As a result, the
functioning forms of most elements cannot be
adequately studied. Thus the determination

of the important (threshold) concentration
levels for various elements typically has been
rather crude. The most important current re-
search need related to trace metal monitoring
is the development of methods to measure the
species rather than the total amount of trace
metals.

ANALYSIS OF FOODS FOR RADIOACTIVITY

Analysis

Measuring radioactivity in foods is a phys-
ical process. It is most efficient when the
radioactivity from a relatively large sample
can be placed close to a detector. This means
that direct measurements of radioactivity in
bulk samples are only useful when levels of
contamination are relatively high. Most meas-
urements are preceded by preparation and
possibly chemical separation to reduce the
bulk of the material and to improve the effi-
ciency of the measurement.

Foods generally have a high water content.
The primary method of reducing bulk is
freeze-drying or drying at room or at elevated
temperatures. Most of the radionuclides of in-
terest are not volatile under these conditions.
Only elements such as tritium or iodine may
experience losses. The dried materials can be
reduced further by ashing at elevated tem-
peratures, by cold-ashing with oxygen, or by
wet-ashing with oxidizing acids. Dry-ashing is
the simplest process, but it is most likely to
lead to loss of volatile elements. With care
even cesium, polonium, or lead can be re-
tained. The other processes should not result
in losses of elements of interest, except for
iodine, tritium, and carbon.

Another way to reduce bulk is to treat
either the original sample or the dried or
ashed material with acids or other solvents
and thus remove the desired elements from
the bulk of the sample. This requires consid-
erable testing beforehand to be certain that
the process operates in the desired manner.
The radionuclides of interest in ashed foods
should be soluble in strong acids if ashing

temperatures have not been excessive. If
there is concern that insoluble particulate
may be present, it is necessary to use more
drastic methods such as fusion to bring the
entire sample into solution.

In addition to bulk reduction, radiochemi-
cal separations are required to isolate the
desired radionuclide both from the remaining
bulk constituents and from other radionu-
clides that would interfere in the measure-
ment. It is also necessary to convert the final
product to a form suitable for presentation to
the counter. This may involve electrodeposi-
tion, precipitation, or other processes.

The actual mass of radionuclide that is
measured is almost always extremely small.
As a result, many of the normal chemical re-
actions used in analytical chemistry to isolate
an element are not appropriate. For instance,
precipitates may not form. Therefore, it is
common to add a few milligrams of a carrier
material, preferably the inert form of the
same element. When such an inert form does
not exist, it is frequently possible to use simi-
lar elements as a carrier (for example, substi-
tuting barium for radium). The inert form
then follows normal chemistry, carrying the
radionuclide with it. It is also worth noting
that even when the separation technique does
not depend on the mass of element present, a
carrier may still be useful in preventing un-
wanted coprecipitation or absorption on
glassware.

In the chemical separations there is consid-
erable use of classical analytical chemistry
based on precipitation. In most cases, precipi-
tation will be the final collection step in
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preparing the desired radionuclide for count-
ing. In other cases the techniques of ion ex-
change, liquid extraction, distillation, and
electrolysis may be required to prepare the
sample for counting.

In certain cases, the total amount of a sam-
ple may be limited, and analysis for several
radionuclides may be required. Procedures
should be available for the sequential analy-
sis of single samples, even though separate
samples are used for routine work.

The measurement method used depends on
the type of radiation, the form of the sample,
and (to some extent) the amount of radioac-
tivity. The selected analytical procedure
should be designed so that the sample is
brought to a suitable form for the equipment
and conditions that exist.

The major emitted radiations are generally
grouped as alpha, beta, and gamma. Alpha
radiation is characteristic of the natural and
artificial radionuclides of high atomic weight
and consists of energetic particles with very
low penetrating power. Its hazard is signifi-
cant only within the body, where alpha-emit-
ting nuclides can irradiate specific sensitive
tissues. Beta radiation appears in both natu-
ral and manmade radionuclides, and consists
of electrons possessing kinetic energy and
modest penetrating power. Gamma radiation
is pure electromagnetic radiation and is ex-
tremely penetrating. Thus, it is hazardous ex-
ternally as well as when it is present in the
body. Gamma radiation can be directly meas-
ured in foodstuffs, while alpha and beta emit-
ters generally must be separated from the
bulk constituents of the sample before they
can be measured.

It is possible to measure the total gamma,
total beta, or even the total alpha activity in a
sample of food. Unfortunately, such data are
valueless in estimating human exposure. The
accuracy of such estimates is very poor be-
cause natural potassium usually interferes,
and the chemical and radiation character-
istics needed to evaluate possible hazards are
not known.

It is possible, however, to set a particular
total activity level as a screening level for a
specific food, If the measured value is below
the screening level, no analyses for individual
radionuclides are performed. In such a case,
the measurements should be considered in-
ternal data and the numerical results should
not be published, Any report should merely
list the samples as having activities below the
stated screening level. Table 20 summarizes
the typical limits of detection for radionuclide
measurement.

Alpha Emitters.—The measurement of
alpha activity is best carried out on a very
thin sample to avoid self-absorption of the
alpha particles. Most metals are electro-de-
posited onto small smooth discs of stainless
steel, nickel, or platinum. Evaporation of pure
solutions is used in some cases. The measure-
ment of the total alpha activity can be con-
ducted either in thin-window counters or by
scintillation counting with zinc sulfide phos-
phor. Both techniques are highly efficient, but
the scintillation method can give a considera-
bly lower background with a consequently
lower limit of detection.

A somewhat less-sensitive technique is the
liquid scintillation spectrometer described in
the next section.

Alpha spectroscopy provides two other al-
ternatives: the Frisch grid ionization chamber
or the silicon diode solid-state detector. The
Frisch grid unit can handle large area sam-
ples but is slightly poorer in resolving closely
separated energies. On the other hand, the
silicon diodes available are all quite small
and can only count samples of about 1-cm di-
ameter with high efficiency.

Beta Emitters—Beta counting is a little
more flexible in the mass of material that can
be present at the time of counting. This is true
for higher energy beta emitters but carbon-14
and tritium present a problem. Since each in-
dividual beta emitter gives off particles with
a range of energies from zero to a character-
istic maximum, beta spectrometry is not pos-
sible for food samples.
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Table 20.—Typical Limits of Detection for Radionuclide Measurement

Counter Counter Chemical
Nuclide efficiency % background cpm yield %
Amerlclum.241 25 0.001 60
Ceslum-144 22 04 75
Cesium-137 30 04 75
2 006 75
Cobalt-60, other
activated
products 1 005 -
Tritium 30 5 75
lodine- 131 25 0.4 80
4 03 80
Phosphorus-32 45 03 60
Plutonium-239. -240 25 0005 85
Radium-226 56 02 90
40 0.001 85
Strontium-90 45 0.3 80
Thor! urn-230, -232 25 0001 70
U-Isotopic 25 0.005 75

SOURCE N H Harley Analysts of Foods for Radioactivity OTA Work ing Paper 1979

The available counting equipment for
guantitative measurement includes geiger
counters, proportional counters, and scintil-
lation counters. The geiger counter is rela-
tively inexpensive and requires only simple
electronics but is not popular and is generally
not available as a counting system. The thin-
window proportional counter is used widely
and has both reasonably high efficiency and
low background. For low-level samples the
background can be further reduced by anti-
coincidence techniques. These add to the
complexity and cost of the system but are
sometimes necessary.

Scintillation counting can be performed in
two ways. Solid scintillators can be used for
counting chemical precipitates collected on
filter papers, and liquid scintillators can be

LLD (dpm) per sample for various counting times

10 min 40 min 400 min  1,000min
03 015 0.05 003 Chemistry, a
spectrometry
6 3 09 06 Chemistry, 3
counting
4 2 06 04 Chemistry, 3
counting
30 14 45 3 Chemistry,
~Spectrometry (Ge)
100 50 15 10 ySpectrometry (Ge)
15 6 2 15 3 Scintillation, can be
enriched electrolyt-
ically by 10-25 times
5 2 0.7 0.5 Chemistry, 3
counting
25 13 4 25 Chemistry, 4
spectrometry(Nal)
3 15 0.5 0.3 Chemistry, 3
counting
06 0.3 0.09 0.06 Chemistry, «
spectrometry
1 0.6 0.2 0.1 Chemistry,
emanation, ???Rn
counting
1 0.5 0.15 0.1 Chemistry, o
counting
2 1 0,4 0.2 Chemistry, j3
counting
0.3 0.1 0.04 0.03 Chemistry, «
spectrometry
0.7 0.3 0.1 0.07 Chemistry, «
spectrometry

used whenever the sample can be made mis-
cible with the scintillating solution itself. This
can even be done with solids by suspending
them in a scintillating gel. The advantage of
liquid scintillators is their high efficiency,
even for the low-energy emitters carbon-14
and tritium. Scintillation systems for counting
precipitates are not commercially available
at present. There are, however, many liquid
scintillation systems on the market, most of
them with automatic sample changers. These
use high levels of activity and short counting
times. The better systems also have a provi-
sion for rather crude spectrometry. They can
distinguish qualitatively and quantitatively
among carbon-14, tritium, alpha emitters,
and higher energy beta emitters.

Gamma Emitters.—Gamma rays are so
penetrating that the detector must have a



102 . Environmental Contaminants in Food

considerable mass to absorb enough energy
to produce a response. Since energy absorp-
tion is required for spectrometry, solid detec-
tors are most useful, Sodium iodide is a popu-
lar detector because crystals can be fabri-
cated in large sizes and are transparent to
the scintillations produced by radiation. So-
dium iodide has high efficiency but poor en-
ergy resolution and is now applied to samples
where some separation has taken place. The
advantages are that samples of food can
often be counted directly without chemical
preparation. Milk is a good natural example,
as the metabolism of the cow removes most
gamma emitters other than isotopes of ce-
sium, iodine, and naturally radioactive
potassium.

More complex spectra can be resolved
with the solid-state germanium diode detec-
tor. Interferences from radionuclide impur-
ities are greatly reduced compared to spectra
from sodium iodide detectors. The efficiency
of the diode is low and, for many analyses, a
spectrometer can only be used for one meas-
urement a day, Another disadvantage is that
the detector must be kept at liquid nitrogen
temperature to maintain its detection capa-
bility.

Diode spectrometers may also be used to
measure the low-energy gamma-rays that ac-
company alpha emission. This allows direct
measurement in some environmental sam-
ples, but the levels in foods have not been
high enough for this technique.

General Requirements.—The choice of a
counting procedure depends on the precision
required. The relative precision of a quantita-
tive counting measurement, in turn, is in-
versely proportional to the square root of the
number of counts obtained. Thus any im-
provement in precision must be obtained by
increasing the number of counts. This can be
done by using larger samples, by counting for
longer times, or by using counters with higher
efficiency, A secondary improvement is possi-
ble for low-activity samples by decreasing the
background, Each of these improvements has
some drawback, and selection of the optimum

balance requires a weighing of cost, man-
power, and quality.

Applications to Investigatory
Monitoring

The monitoring of foods for radioactivity
should not be considered a primary defense
against human exposure. The first indication
of hazards should always come from informa-
tion on releases or from measurements of ra-
dioactivity in air or water. Once the existence
of contamination has been established, foods
can be analyzed to evaluate the potential haz-
ard to man.

Knowledge of the source of radioactive
contamination gives a good indication of the
nuclides that can be expected in the sample.
This information helps in planning the anal-
ysis, since requesting a complete analysis for
all radionuclides or even for all types of
radioactivity in a single sample would lead to
a lengthy and expensive operation. Indeed,
monitoring for suspected contaminants is
more applicable than the uncharacterized
monitoring.

The general groups of nuclides that maybe
encountered include those that occur natural-
ly such as radioactive potassium and mem-
bers of the uranium and thorium series, arti-
ficial fission products such as transuranic
elements, and other activation products that
result from nuclear weapon explosions and
nuclear reactor operations.

Fission products are a very complex mix-
ture when they are formed, but the short-
lived radionuclides die out rapidly and the
mixture becomes simpler within a few days.
The transuranics (plutonium, americium, etc.
formed by activation of the basic fissionable
material) are of some interest because of
their high toxicity when incorporated into the
body. Present evidence, however, indicates
that their uptake through the gut is relatively
small and that dietary intake is not a signifi-
cant problem. The other activation products
are frequently elements that make up steel or
other metal containers or structural ele-
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ments. Radioactive manganese, chromium,
cobalt, zinc, and iron are particularly com-
mon and result from interactions of the mate-
rials with neutrons released in the nuclear
reaction, Contamination of foodstuffs with
single nuclides is extremely unlikely, and
more than one member of any group will
probably be present in any sample.

In contrast to most other pollutants, the ef-
fects of radiation are considered to have a
linear response regardless of the level, Thus
there is no threshold and no absolutely safe
limit. The analytical significance of this is
that the lower limits of detection for radioac-
tive substances have been brought down to
very low levels. The simple yes-or-no testing
for acceptability that satisfies regulators for
many other pollutants in foods cannot be
used.

Almost all radionuclides of interest in
cases of contaminating events now exist in
foods in small but measurable quantities.
Short-lived nuclides are the exception and the
transuranic elements are only present at
levels that require considerable effort in
analysis. Since most of the radionuclides are
already present in foods, measurements
made for background information should pro-
duce a numerical answer, not merely an in-
dication that the amount is less than some
pre-set value. This accumulation of back-
ground data provides a valuable baseline for
evaluating hazardous levels following a con-
taminating event. The natural activity data
are equally valuable, since the amount of in-
formation on food concentrations is presently
insufficient for valid comparisons with man-
made radioactivity.

ESTIMATED COST TO EQUIP A LABORATORY TO CONDUCT
INVESTIGATORY MONITORING

Table 21 illustrates estimated costs, re-
quired space, and estimated downtime for a
laboratory designed to conduct investigatory
monitoring. In addition, the number of sam-
ples the system would be able to analyze in a
year are estimated.

These figures do not reflect the total costs
for establishing a national system of inves-
tigatory monitoring. Such a cost estimate
would require information on the total num-

54.5>5 0-79 -8

ber of samples to be collected and analyzed.
Information of this sort could be obtained
through a pilot project to investigate the
feasibility of the two investigatory monitoring
approaches. This would determine the num-
ber of laboratories, the number of people and
their salaries, and costs of equipment mainte-
nance, supplies, and training. Once the sys-
tem is setup and running, some savings might
be realized through automation.
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Table 21 .—Estimated Costs to Equip a Laboratory to Conduct Uncharacterized Monitoring

Estimated
Approximate down
Analytical instrumentation capital cost Required space Samples per year time
Synthetic organics
1. Small, high throughput, GC-MS- $100,000 5,000-6,000 ft. ’ 200-300 for 20- 50%
data system with automated liquid laboratory supporting uncharacterized environmental
Injection device. faciliies and equipment contaminants as well as known
are required, environmental contaminants
2. Electron impact/chemical $200,000- 20- 50%
lonlzatlon-equipped  high- $300.000

resolution mass spectrometer
data system with automated
injection device
3. Gas chromotographic flame $15,000 20-50 %
ionization detector, electron
capture detectors (additional
chromotographic systems may be

r e q u i r e d ) .
4 Liquid chromotograph interfaced $20,000 20- 50%
to mass spectrometer system
5. Central data management system $75,000- 20- 50%
$1,000,000
6. Cold storage and processing $500! 000
facilities
Synthetic organics subtotal $1,585,000-
$1,935,000
Trace metals
1. Inductively coupled plasma $100,000 Approximately 2,500 ft.’ 3,000-5,000 3-15%
of laboratory equipped
Multielement atomic emission with supporting facilities
S y s t e m and equipment are
required for items 1-4
2. Flame and furnace atomic $25.000 3- 15°/0
absorption spectrophotometer
(single element mode)
3. Electrochemical instrumentation $25,000 3-15%
4. Central data management system. $50.000 - 3-15%
$75,000
Trace metals subtotal. $200,000 -
$225,000
Radionuclides
Four position alpha spectrometer $21,000 Approximately 1,500 ft. ’ 1,000-4,000 5%
and detectors, multichannel laboratories  equipped
analyzer and output with supporting

facilities and equipment
are required
2. Germanium diode gamma $100,000 5%
spectrometer wit h detector,
shield, electronics, PDP-11
computer and output

3. Four general purpose proportional $10,000 5%
c o u n t e r s |,
4. Liquid scintillation spectrometer, $18.000 5%

automatic sample. or alpha-
counting capabilities

Radionuclides subtotal $149,000
Total oo $1, 934, 000.
$2,309,000

SOURCES Adapted from J L Laseter Approaches to Monitoring Environmental Contaminants in Food OTA Working Paper 1978 R K Skogerboe Analytical Sys
terns for the Determination of Metals in Food and Water Supplies OTA Working Paper 1978 and N H Harley Anaiysis of Foods for Radioactivity OTA
Working Paper 1979
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Chapter IX

Congressional Options

The present system of controlling environmental contaminants in food con-
sists of two parts: regulatory procedures to set and enforce limits for environmen-
tal contaminants, and monitoring procedures to detect lots of food in violation of
established limits. Each State has authority for regulating food grown and con-
sumed within its boundaries. The Federa Government is responsible for regulat-

ing food in interstate commerce.

Congress can choose to maintain this system. But if it wishes to put greater
emphasis on protecting consumers from contaminated food, one or more of the op-
tions discussed below could be adopted. None of these options (except for the

first) are mutually exclusive.

OPTION 1-MAINTAIN THE PRESENT SYSTEM

The current regulatory approach to con-
trolling environmental contaminants in food
involves the setting of action levels (and occa-
sionally tolerances), coupled with regulatory
monitoring for known [and a few suspected)
contaminants. Food containing an amount of
a contaminant that exceeds the action level
or tolerance can be identified through such
monitoring. This food is then removed from
the marketplace. Public exposure is thus
theoretically limited to those foods containing
guantities of contaminants that fall under
prescribed action levels or tolerances.

Pros. There are two principal advantages
to maintaining this system. No additional ap-
propriations or legislation are required. No
changes in existing regulations are neces-
sary.

Cons: There are a number of disadvan-
tages in retaining the current system. The
time needed to identify an environmental con-
taminant in food and take corrective action
would not be shortened, The people would
continue to be exposed until a contaminant
was detected and identified, and an action
level put into effect,

Moreover, action levels and tolerances
tend to institutionalize rather than protect

people against exposure, In other words, ac-
tion levels and tolerances permit a certain
level of contaminant to be present in food. Un-
less action levels or tolerances are reduced,
little effort will be made to eliminate the con-
taminant, The threshold concept on which ac-
tion levels and tolerances are based—that
there are exposure levels to toxic substances
below which there are no effects on health
—is being increasingly challenged (especially
when carcinogens are involved).

If high action levels or tolerances are es-
tablished, exposure is not reduced. Lowered
action levels and tolerances may reduce pub-
lic exposure. But even low limits are set on
the basis (among other things) of nationwide
per capita consumption of a particular food.
Contamination problems, however, may be lo-
calized and further influenced by regional
food consumption patterns. Thus, a local pop-
ulation may be highly exposed to a toxic sub-
stance although the tolerance, based on na-
tional consumption, may be low.

Moreover, there is no requirement for re-
view once an action level has been estab-
lished. An agency is under no pressure to ac-
tively seek out new data that might alter a
prescribed level,

109
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Tolerances and action levels have other
weaknesses. They are often not easily applied
when the environmental contaminant in-
volved is a suspected carcinogen (such as
polychlorinated biphenyls (PCBs)). Further-
more, the time required to perform a com-
plete chemical analysis for contaminants in
nonprocessed foods such as fish makes its dif-

ficult to prevent some shipments from reach-
ing the marketplace.

Finally, there are procedural problems in
the present system. States have no clearly de-
fined authority to which they can turn when
they suspect environmental contamination of
food.

OPTION 2-AMEND THE FOOD, DRUG, AND COSMETIC ACT

The Food, Drug, and Cosmetic Act has been
amended several times since its passage in
1938 to deal with new food regulatory prob-
lems. Environmental contamination of food is
now a national problem which Congress has
never directly addressed through legislation.
Thus, Congress could choose to give regula-
tory agencies more guidance by clarifying its
position on environmental contaminants in
food.

An amendment to the Food, Drug, and Cos-
metic Act could include one or al of the fol-
lowing points. None are mutually exclusive.

Option 2A-Simplify
Administrative Procedures

Under current law and regulations, the
Food and Drug Administration (FDA) sets an
action level for a contaminant soon after an
interstate shipment of contaminated food is
discovered. FDA will then presumably launch
the elaborate rulemaking proceedings that
culminate in the establishment of a tolerance
(under section 701(e) of the Food, Drug, and
Cosmetic Act). In reality, the costs and delays
involved in the complex rulemaking proce-
dures now required for the adoption of toler-
ances have discouraged FDA from moving
from the first (action level) to the second (tol-
erance) state of the process.

Congress could amend the Food, Drug, and
Cosmetic Act to simplify the administrative
procedure through which tolerances are set.
The changes could be modeled after section
553 of the Administrative Procedures Act.
This process involves publication of a toler-

ance proposal in the Federal Register, along
with (as required by recent court rulings) the
rationale and factual data underlying the
proposal. The public can then respond to the
proposal with written comments. FDA may
also hold legislative-style public hearings to
allow presentation of oral arguments and
evidence.

After considering all of the comments, FDA
publishes a final rule (in this case, a toler-
ance). This final rule includes explanation of
any changes from the original proposal and
responses to factual points raised by the pub-
lic. Most agencies now use this model for
rulemaking. It is a process that can be car-
ried out expeditiously with modest investment
of an agency’s resources.

Pros. Adoption of this streamlined rule-
making procedure would reduce the time and
expense now involved in setting a formal tol-
erance. It may encourage FDA to move from
action levels to tolerances, thus bringing
more public participation into the process.

Cons: Because action levels are adminis-
trative guidelines, they can easily be changed
when new scientific information becomes
available. Even if FDA comes to use a simpli-
fied procedure to set tolerances, it may still
be slow to revise them in the light of new
data.

Option 2B--Require the
Establishment of Tolerances

Congress could amend the Food, Drug, and
Cosmetic Act to require the establishment of
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a tolerance within a specific time after the
setting of an action level.

Pros: This change would encourage FDA to
gather additional information on a contami-
nant’s toxicity and the public’s exposure. It
would speed up a process. that now operates
under no deadlines. And it would result in de-
finitive tolerances that FDA could enforce
with less concern about judicial questioning.

Cons: This option, however, would substan-
tially increase FDA’s workload unless toler-
ance-setting procedures were simplified. In-
deed, it has been the costs and delays of the
current rulemaking process that have de-
terred FDA from moving from action levels to
tolerances. Thus, tolerances should not be re-
quired without also simplifying present rule-
making procedures,

option 2c--clarify the Role of
Economic Criteria

Congress could amend the Food, Drug, and
Cosmetic Act to clarify to what extent eco-
nomic criteria can be used in setting toler-
ances. The Act does not specify that costs
(the adverse economic effects) of a proposed
tolerance be considered when setting a toler-
ance. FDA, in practice, does weigh the cost of
food lost when establishing a tolerance.

The Food, Drug, and Cosmetic Act could be
amended to prohibit FDA from considering
costs when setting a tolerance. Prohibiting
any economic assessment would ensure that
public health would be the first priority in set-
ting a tolerance.

Conversely, the Act could be amended to
require FDA to weigh the costs against the
benefits of a proposed tolerance. Requiring
FDA to evaluate the economic consequences
of a tolerance would give FDA clear authority
to weigh such estimated effects together with
the potential health risks when establishing a
tolerance. Congress could require FDA to
gauge only the primary costs (as is now done
with food lost) or all associated costs (food
lost, employment impacts, distributional and
indirect effects) for a proposed tolerance.
The techniques available for estimating costs

require up to a year for generating the neces-
sary data. Thus, weighing the costs is best
suited for setting tolerances. not action
levels.

The advantage in including costs in toler-
ance-setting decisions is that adverse eco-
nomic impacts are likely to be reduced. The
disadvantage is that tolerance levels are like-
ly to be higher than would be the case if costs
were not considered.

Pros: By clearly defining to what extent
costs can enter into tolerance-setting deci-
sions for environmental contaminants in food,
Congress would eliminate ambiguities of in-
terpretation and provide clear guidance to
FDA.

Cons. FDA has interpreted the Food, Drug,
and Cosmetic Act as allowing cost considera-
tions, Legislation requiring economic assess-
ment could limit FDA’s discretion to weigh
the costs of food lost if it judges the situation
warrants such a treatment.

Option 2D--Establish Regional
Tolerances

This option would give FDA the flexibility
to set different action levels or tolerances for
different regions, based on expected levels of
exposure, regional levels of contamination,
and eating patterns.

Pros. Action levels and tolerances may not
be set low enough to protect those popula-
tions that are most highly exposed, previously
exposed, or most vulnerable. States may not
exercise their authority to set tolerances
which are more restrictive than the Federal
tolerance because of budget limitations, in-
adequate information, or political pressures.
FDA can provide guidance to States and sug-
gest more restrictive tolerances or warnings
to the public, but FDA has no authority to in-
tervene if the contaminated food does not
enter into interstate commerce.

Cons. Regional tolerances would compli-
cate monitoring and enforcement programs.
Regional tolerances might also be viewed as
Federal infringement on State authority.
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OPTION 3-ESTABLISH AN INVESTIGATORY
MONITORING SYSTEM

Environmental contaminants could be de-
tected earlier in the food chain by improving
present environmental monitoring capabil-
ities—establishing an investigatory monitor-
ing system while maintaining current regu-
latory monitoring programs.

Congress could set up a national investi-
gatory monitoring system that monitors for
either suspected or uncharacterized environ-
mental contaminants. A system combining
elements of both approaches could also be es-
tablished. Since any of these monitoring ap-
proaches would require some research and
development before a fully operational sys-
tem could be devised, Congress could choose
to create a pilot program. Such a program
would spur research and development and
assess the feasibility and cost-effectiveness
of the various approaches.

The investigatory monitoring systems dis-
cussed in this assessment would call for dif-
ferent sampling and quality control proce-
dures. The development of these procedures
is as important as the development of moni-
toring technology (some of it still in the ex-
perimental stage). Indeed, there is no com-
prehensive investigatory monitoring system
for toxic substances in food and the environ-
ment at any level of government.

Consequently, Congress might opt for a
pilot project to assess the capabilities and re-
source requirements of various national mon-
itoring systems instead of mandating a par-
ticular monitoring approach. Such a pilot
project would focus on the monitoring of or-
ganic chemicals, inorganic, and radioactive
substances. It would determine the technol-
ogy, sampling, and quality control needs for
monitoring these three toxic substance cate-
gories in food, air, water, and soil. The broad-
er purpose of the project would be to develop
a comprehensive monitoring program that
would meet the Government's regulatory
needs, provide data to make cost-effective-
ness assessments of the alternative strate-

gies, and reduce public exposures to environ-
mental contaminants as much as possible.

Option 3A-Establish a National
Monitoring System for Suspected
Environmental Contaminants

Suspected environmental contaminants
are substances that are most likely to enter
the food supply and pose potential health
hazards, Lists of such substances could be
drawn up for organic chemicals, trace met-
als, and radioactive substances in order that
they be monitored in the food, Various cri-
teria such as toxicity, volume of production,
occurrence in the environment, persistence,
and biodegradability could be used in putting
together the lists.

Pros: Present food monitoring efforts are
not designed to detect new environmental
contaminants in food. The limited amount of
monitoring for suspected contaminants that
does exist is primarily concerned with trace
metals. But far more of this type of monitoring
is needed to anticipate new contaminants in
food.

Cons: To draw up such lists successfully,
considerable information is needed. Sub-
stances for which there is little or no data
would automatically be given low priority. In
large part, the makeup of the lists would de-
pend on scientific judgments. However, scien-
tific judgments often vary (or even conflict).
Thus, the reliability of the lists may be in
guestion,

Priority lists of trace metals and radioac-
tive substances, which are limited in number
and already well-investigated, would be more
reliable than a list of organic compounds.
There are thousands of such organic agents
manufactured, And there is little toxicologi-
cal or environmental information available on
a great many of them.

If such lists were developed, the number of
substances monitored would necessarily be



Ch. IX—Congressional Options » 113

limited. Standards would be set up for deter-
mining which substances would get priority.
Of course, there would be no certainty that
unlisted substances might not get into the
food supply and threaten human health. The
cost of such a monitoring system would de-
pend on how many substances were being
traced as well as the expenses of equipping
and staffing laboratories.

Option 3B--Establish a National
Monitoring System for
Uncharacterized Environmental
Contaminants

Uncharacterized monitoring would be de-
signed to detect substances that are: lacking
toxicity data for potential human risk, not
known to be present in food, and not even
known to exist in the environment. This kind
of monitoring is most needed for synthetic
organic chemicals. The purpose is to detect
changes in the levels of various synthetic
organics in environmental or food samples
over time,

Scientists would not necessarily know the
identity of individual substances they were
monitoring. But if the concentration of a par-
ticular compound substantially increased,
they could analyze it further to establish its
identity, The literature would be reviewed on
the substances toxicological properties. Or
perhaps the substance would undergo toxico-
logical testing. Depending on what informa-

tion is developed, regulatory agencies could
then take appropriate action.

This approach tries to create a mechanism
for quantitatively measuring uncharacter-
ized substances in food. Proper guidelines are
necessary since the cost of quantitatively
identifying one substance can range from
$10,000 to $100,000. Moreover, this monitor-
ing approach requires sophisticated equip-
ment for analyzing food samples. Also, the in-
formation generated by the analyses has to
be computerized. Computer technology makes
it possible to correlate and interpret chemical
data to provide a continuous surveillance of
the levels in food.

Pros: The uncharacterized monitoring ap-
proach is in the research stage at several lab-
oratories in the country. If it is successfully
developed, this type of monitoring would re-
duce the time during which the public is ex-
posed to high concentrations of uncharacter-
ized environmental contaminants in food. Ke-
pone, for example, was polluting the James
River, and people were eating kepone-con-
taminated fish for several years before the
chemicals presence was discovered. With an
uncharacterized monitoring system, kepone
may have been detected years earlier.

Cons: This combination of sophisticated in-
struments, dependence on computers, and
highly trained personnel is expensive. And
the “hardware” needed is generally not
found in Federal or State monitoring labora-
tories.

OPTION 4--IMPROVE FEDERAL RESPONSE TO
NEW CONTAMINATION INCIDENTS

All of the major food contamination inci-
dents have been marked by confusion. This
stems from the involvement of three Federal
agencies—FDA, the U.S. Department of Agri-
culture (USDA), and the Environmental Pro-
tection Agency (EPA)—in the monitoring and
regulation of environmental contaminants in
food. To cut down on confusion and to im-
prove delivery of Federal technical assist-

ance, Congress could choose to designate a
lead agency or establish a center for the col-
lection and analysis of data.

Option 4A-Designate a Lead Agency

The problem of conflicting Federal assist-
ance efforts was dramatized by severd re-
cent incidents including the most recent PCB
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contamination. This sort of situation is not
unique, Official reactions following the poly-
brominated biphenyl (PBB) episode in Michi-
gan and the kepone incident in Virginia were
similar.

The lead agency would serve as a clearing-
house for all information coming from and go-
ing to States. FDA would be the most likely
candidate for lead agency when food contam-
ination is suspected.

Pros. With a clearly delineated lead agen-
cy, States suspecting contamination of food
would have one reliable source of technical
assistance. Conflicts of opinion would be set-
tled internally, and public statements and
technical assistance provided with less am-
biguity.

Cons. Designation of a lead agency might
decrease the amount of technical expertise
made available to the States. It would require
the lead agency to develop new agreements
with the other two agencies, During a food
contamination crisis the lead agency would
need to coordinate responses from the other
agencies.

Option 4B--Establish a Center to
Collect and Analyze Toxic
Substances Data

Major delays in protecting the public from
environmental contaminants in food now re-
sult from the time-consuming process of gen-
erating sufficient data on a substance’s toxic-
ity and dispersal in the food supply. Congress
could overcome this problem by setting up a
new technical center.

Such a center would be able to rapidly as-
semble technical teams skilled in the identifi-
cation and analysis of organic, inorganic, and
radioactive substances. A team would consist
of a multidisciplinary group of experts, in-
cluding chemists, toxicologists, food and ani-
mal scientists, epidemiologists, biochemists,
biostatisticians, medical doctors, and others.
Its mission would be to identify the cause of
an actual or potential contamination incident,
and assess the possible environmental and

human health impacts. It would have no regu-
latory function.

The group would be able to mobilize within
24 hours. It would be the lead Federal organi-
zation that affected States could initially con-
tact. In the wake of an episode, the team
could be responsible for followup scientific
research that would lay the groundwork for
epidemiological studies of the exposed popu-
lation. It would also be able to conduct a
range of short-term toxicological tests to de-
termine the mutagenicity and potential car-
cinogenicity of uncharacterized substances.
It would be able to examine an exposed popu-
lation for any adverse health effects from in-
gesting a particular contaminant in food.

The new technical center, in essence,
would be similar to the Center for Disease
Control (CDC). It would have the same capa-
bilities in chemical epidemiology as CDC has
in infectious disease. The new center could
be given responsibility for investigating all
toxic substance problems in the United
States, not just those limited to food. If it were
placed under CDC, it could build on work now
underway in that organization’s Environ-
mental Hazards Unit. Furthermore, the cen-
ter would be able to capitalize on the long-
standing relationships between CDC and the
States. Since the center’s sole mission would
be the development of information on environ-
mental contaminants, it would not be linked
to regulatory decisions.

As an alternative, the center might be lo-
cated within FDA’s National Center for Toxi-
cological Research or another Federal labor-
atory with existing analytical capabilities. It
could then use the laboratory’s equipment
and trained personnel for investigative ana-
Iytical chemistry and toxicology.

It would be better not to locate the center
and the investigation teams in a regulatory
agency with direct responsibilities for food.
This would ensure that there is no possible
conflict of interest between its job of factfind-
ing and the agency’s responsibility for regu-
lating, By distancing itself from the regula-
tory process, the new center team would
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strengthen its credibility with the media and
the public.

Pros: Accurate scientific information on
the nature and extent of food contamination
has to be generated quickly when an incident
occurs. Individual States often lack the scien-
tific expertise to develop such data. The Fed-
eral Government does have the necessary ca-
pabilities, but the resources are scattered in
several agencies with differing areas of au-
thority. Such a dispersal of expertise hinders
the gathering of urgently needed information
following a contamination episode. Jurisdic-
tional problems crop up, and States find they
have to deal with more than one agency. The
resulting delays slow the making of necessary
health, environmental, and regulatory deci-
sions.

Reaction time would be shortened and dup-
lication of effort reduced by a technical or
toxic substances investigation team which
could react quickly in emergencies.

Cons: There is no assurance that a special
team could generate information more quick-
ly than is now the case. If the center were not
part of a regulatory agency, it might not only
grow out of touch with the needs but also
could duplicate the investigatory work of the
agency. Furthermore, the potential for an
adversary relationship exists.

It could be argued that better coordination
among FDA, USDA, and EPA would accom-
plish the same goals without the expense of
establishing a new research center.
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Appendix A

Substances Whose Production or
Environmental Release Are Likely
to Increase In the Next 10 Years*

by Clement Associates, Inc.

OTA requested Clement Associates to develop a list identifying new chemical sub-
stances likely to be manufactured in the near future and known chemicals likely to pose

an incr

burden to the environment because of increased production, new applica-

tions, or new technological developments, including new energy technoI%%?/. For these

projections, several factors were considered, including market trends, F

eral regula-

toré/ activity, available substitutes for recently banned or restricted chemical substances,
an

consumer needs.

During the development of the approach to this phase of the project, certain prob-

lems and [Imitations became app

arent. The nature of chemica substances under re-

search and development but not yet introduced to the market is usually closely guarded
proprietary information and therefore not available. In addition, there are no data sys-
tems which bring together chemical information to facilitate the retrieval of necessary
data. An approach was developed to obtain a maximum amount of information in a lim-

ited amount of time.

Sources, including personal contacts, were identified for information on new chemi-
cals or chemicals whose production, use, and release to the environveeriikely to in-

crease sharply because of future needs. These sources of information are list

reference list.

in the

Followierég are thelist of chemicals and a brief indication of why these chemicals

were select

CHEMICALS LIKELY TO HAVE SIGNIFICANTLY GREATER
ENVIRONMENTAL RELEASE IN THE NEAR FUTURE

Chemicals Whose Production and Use
Are Likely to Increase Sharply
Because of Future Needs

Soluble Polymers

Soluble polymer “completing” agents are
being developed to remove toxic metals from
waste waters or remove radioactive metals from
nuclear waste fluids. Polyethylene glycol and its

*Excerpt from OTA Working Paper entitled “Priority Setting
of Toxic Substances for Guiding Monitoring Programs. " A com-
plete copy of the paper can be obtained through the Nationa
Technical Information Service. (See app. 1.}

derivatives are the most versatile of the soluble
polymers. Others are polyethyleneimine, polyvi-
nyl sulfonic acid, polyacrylic acid with such che-
lating groups as thiourea, 8-hydroxyquinoline,
iminodiacetic acid and hydroxyciniline, and poly-
mers based on acrylic acid. (C&EN, Mar. 27, 1978,
p. 24)

Organic Flocculants

The principal organic flocculants are polyac-
rylamides, polyamides, and polyepichlorohydrins.
Stiffening waste treatment regulations to reduce
sludge are making flocculants more attractive.
The chemicals make up a $100 million per year

119
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market that may double within the next 5 years.
These polymers may also be used for enhanced oil
recovery if the price of oil would rise to make
enhanced recovery economical. (C&EN, Jan. 23,
1978, p. 9)

Multifunctional Acryiates

The use of radiation curing (ultraviolet or elec-
tron beam) is rapidly increasing. Radiation curing
contributes significantly to critical energy sav-
ings and pollution abatement. Demand for the fol-
lowing multifunctional acrylates used for ultra-
violet inks and coatings is expected to increase:
pentaerythritol triacrylate, 1,6-hexanedioldiacry-
late, trimethylolpropane triacrylate, and tetraeth-
ylene glycol. (C&En, Jan. 23, 1978, p. 12, Celanese
Chemical Co. Advertisement)

Polyester Resin

Concern about energy will augment the growth
of lightweight polyester resin in the United States
through the 1980's. The need for lighter weight
materials in the automotive market, as well as the
demand for corrosion-resistant products in many
areas, will increase the demand for polyester
resin at an average of 9.2 percent a year through
1987. Polybutylene terephthalate (PBT) and poly-
ethylene terephthalate (PET) will be among the
fastest growing polyester resins. PBT and PET are
expected to grow from a combined demand of 38
million Ibs in 1977 to 322 million Ibs by 1987—an
average annual growth rate of 24 percent. PBT is
currently the most widely used thermoplastic pol-
yester resin. However, it is expected that PET pro-
duction will increase more rapidly, overtaking
PBT production. The total polyester resin market
is expected to rise 140 percent in the next 10
years. other uses and average annual projected
production increases from 1977 to 1987 include
unsaturated reinforced polyester (9. 1 percent),
thermoset surface coatings (5 percent), cultured
marble and other unsaturated thermoses (4.0
percent), strapping (mostly scrap, 28 percent),
and fibers (4.0 percent). (C&EN Jan. 30, 1978, p.
11)

Zeolites

Zeolites (aluminosilicates) hold promise as de-
tergent builders, A 25-million-Ib market in 1977
has a prospect of a possible 400-million-lb market
in 1982. Zeolites containing detergents perform
“equivalent or roughly equivalent” to the phos-
phate-silicate formulations that now command 75
percent of the current heavy-duty powder market.
Environmental problems will continue to push

phosphate out of the heavy-duty home laundry

market. Zeolite 4A is a cubic crystalline sodium

aluminosilicate with the formula
Naz‘Alzoa‘ZSi02'45HzO.

Textile Chemicals

The market for textile chemicals is expected to
top the billion-dollar market by 1980. Examples
are:

Chemical Use
Biphenyl .. ...... .. ... . . . Dye bath
o-phenylphenal. ., ., ... .. ......... additives

1,24-trichlorobenzene. . . . .. ... ... ...
Methyl naphthalene. . ... ...............
Perchloroethylene ., , . .. ...............
Alkyl aryl sulfonicacids . ...............

Ethoxylated alcohols , , , ., ., o« o oo oot
Quaternary ammonium compounds . . . . . . .
Ethoxylated nonyl phenol, . . .............
Alcohoals of akyl aryl sulfonicacid . .......
Esters of phosphoricacid. . . .............

Acryliclatex , .. ... . Finishing agents
Styrene-butadiene rubber latex . . ... ... ..
Polyvinyl acohol , ..., .................
Polyvinyl acetate , ., ., . . .. ... ...
Melamine formaldehyde . . ... ...........
Starches. . . ... ...
Polyvinylchloride . . . ., ..., e
Fluorochemicals . . . ...................
Glyoxa (dimethylol, dihydroxyethylene urea)
Carbamate (isobutyl, 2-methoxyethyl). . . . . .
Tetrakis phosphonium sulfate ‘ammonia . .
Cyclic phosphonates . . . . . . ... ..., .

Maeic anhydride. . .. .......... ... .. ...
Polyacrylicacids . . . .................
Acrylates . . . .. ...
Butadiene acrylonitrile . . . .. ........ .. ..
Hexamethylol melamine formaldehyde. . .
Dioctyl sulfosuccinates . . .. ...........
Ethoxylates

Pentachl orophenon . .
o-phenylphenol. . ., . ... .. .. ... ..
Low C. and aromatic distillates. . . .. ... ...

Printing
chemicals

Bacteriocides

Ethoxylated alkyl phenols . . . . . . .. [dispersing
Sodium lauryl sulfate. . . . . . . . .. .. agents/mulsifiers
(C&EN., May 29, 1978, p. 12)

Pumice

Pumice has many similarities with asbestos.
They are both mineral oxides, low in density, heat
resistant, nonflammable, chemically inert, and
low in cost, Rhodes (Division of Beatrice Foods
Co., Des Plains, Ill.) claims pumice may be the safe
and economical alternative to asbestos (C&EN,
May 22, 1978, p. 9). The manufacturer suggests
that pumice be used in paints; chemicals (filtra-
tion media and chemical carrier); leather buffing:
compounders (powdered hand soaps and glass
cleaners); metal and plastic finishing; and ap-
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placations in the dental, rubber, glass, furniture,
electronics, and pottery industries.

Polyvinylacetates

Acrylic and acetate resins compete in the mar-
ket as textile and binder emulsions for nonwoven
fabrics. Currently, acrylics dominate both of
these markets by two-thirds of the total, Polyvinyl-
acetates make up only 14 percent of the market,
with the remainder going to other resins. New
technical developments may change the status
quo. By 1987, acetates could surpass acrylics in
many quality paint and textile markets. (C&EN,
Mar, 20, 1978, p. 11)

Hydrazine and Its Derivatives

Originally used in rocket fuels, today hydrazine
and its derivatives are commercially used in her-
bicides, pesticides, blowing agents for plastics,
and water treatments. Its consumption is growing
by 15 percent per year according to Olin Chemi-
cals advertisement in C&EN.

Olefinic Thermoplastic Elastomers

Olefinic thermoplastic elastomers are also
called TPO rubbers and were introduced in 1973,
having a market volume of 1.5 million Ibs. It is an-
ticipated that the demand for TPO rubber will
reach 44 million Ibs by 1980 and that uses in auto-
mobiles will account for more than half of it.
Mechanical goods and wire and cable uses ac-
count for 12.7 and 18,2 percent of TPO demand,
respectively. Olefinic thermoplastic elastomers
are also used by carmakers in electrostatically
paintable body filler panels, air deflectors, and
stone shields. Recently they have been used as
sound deadening material on diesel-powered vehi-
cles, jacketing and insulating material for wire
and cable coating, and many custom-molded and
extruded mechanical goods. (C&EN, Oct. 23, 1978,

p. 9)

Silicones

New markets for silicones as PCB replacements
in electrical transformers, in brake fluids, and as
elastomers are developing. Methylchloride is
used as an intermediate in the production of sili-
cones, Other methylating agents could be used to
replace methyl chloride in most applications, but
the potential substitutes (e.g., dimethyl sulfate,
methyl bromide, methyl iodide) are much more ex-
pensive and have toxicity and handling problems
which make them less desirable.

Chlorobromination

Bromine chloride has been shown to be more ef-
fective as a disinfectant than chlorine in field tri-
as. It is a heavy red liquid and 12 times more sol-
uble in water than chlorine. Its vapor pressure is
one-third as great. Bromine chloride completely
hydrolyzes almost immediately to hypobromous
acid and reacts with ammonia in sewage to form
bromoamines. It is believed that chlorobromina-
tion is the best alternative to current chlorination
practices.

Polyethyleneterephthalate

DuPont is continuing a vigorous effort to devel-
op a market for molded plastics made from con-
ventional forms of thermoplastic polyethylene ter-
ephthalate. (See also Polyester resin, ) This resin
has a multibillion-pound demand as polyester
fibers and films and is finding a large market in
plastic beverage bottles. DuPont’s trade name for
PET is Rynite. Rynite’s prime targets will be
metals replacement, especialy in automobiles.

Chemicals Produced or Released Due
to Energy Development Technology

Coal Liquefication and
Gasification Program

The conversion of coa to liquid to gaseous hy-
drocarbons for fuel technologies will result in the
release of many chemicals to the environment.
The contaminants may enter the environment via
two pathways: 1) emission into the atmosphere
with the consequent potential for long-range
transport and 2) direct discharge via runoff and
leaching into the aquatic and terrestrial domain
where impact might be expected to be more local-
ized. Contaminants from coal combustion can be
classified into three groups: 1) organic chemicals,
2) inorganic chemicals, and 3) radionuclides.

Organic Contaminants

Organic contaminants from coal-derived proc-
ess can be placed into several categories as
shown below.

Category
Acids and anhydrides . ..

Example
Maleic anhydride
Benzoic acid
Amines............... Aniline
Alpha and beta naphthylamines
Methylaniline
Benzidine
Garbonvl compounds . . .. Formaldehvde
Acetaldehyde
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Hetrocyclics . . .. .......

Simple aromatic
hydrocarbons ., ., . . .

Polycyclic aromatic
hydrocarbons . . ......

Sulfur compounds ......

Organometallics. , ., ...,

Naphthyl cyanides,. ...,

Trapped organic

Pyridines
Quinolines

. Benzene

Toluene
Xylenes
Phenols
Cresols
Xylanols

Benzo(a)pyrene
Dibenzofluorene
Dibenzoanthracene
Benzoanthracenes
Benzo(a)anthrone
Dimethylbenzoanthracene
Chrysene
Methylchrysenes
Benzocarbozoles
Idenopyrenes
Carbozoles

Pyrenes

Biphenyl
Acenapthalene
Acenapthalyne
Fluorene
Alkylanthracenes
Alkylphenanthracenes
Anthracene
Perylene
Benzoperylene
Coronene
Thiophenes
Mercaptans

Carbon disulfide
Methyl thiphene
Nickel carbonyl
Tetraethyl lead
Napthyl cyanide
Ammonium thiocyanate

compounds and aromatic

units in coals that were isolated, separated, and
identified by gas chromatography and mass spec-
trometry are shown in table A-1.

Inorganic Chemicals

Category

Acids................
Chromium sats . . ......
Sulfur compounds . .....

Trace elements. . ., ,

Examples

Sulfuric acid
Nitric acid
Hydrochloric acid
Chromium chloride
Chromium sulfide
Hydrogen sulfide
Carbon disulfide

Antimony Manganese
Arsenic Mercury
Barium Molybdenum
Beryllium Nickel
Bismuth Selenium
Cadmium Silver
Chromium Tellurium
Cobalt Thallium
Copper Tin
Fluorine Uranium
Gallium Vanadium
Lead Zinc

Fine particulate , . . . . .. Sulfur particulate
Respirable coal dusts
Tar
soots

GassES . .. Carbon monoxide
Sulfur dioxide
Sulfur trioxide
Sulfur tetraoxide
Nitrous oxide

Radionuciides

Emissions from a 100-MW electricity genera-
tion powerplant that burns coal at a rate of ap-
proximately 100 tons per hour are estimated to
contain 1 ppm of uranium and 2 ppm of thorium, A
plant of this size is expected to release 1 percent
of its fly ash to the atmosphere. Under these con-
ditions thorium-228 and -232, radium-224, and
lead-212 each contribute approximately 5 x 103
Ci per year; uranium-234 and -238, thorium-230
and -234, radium-226, lead-210, polonium-210,
and bismuth-2 10 each contribute approximately 8
x 10 Ci per year; uranium-235 and praseo-
dymium-231 both contribute approximately 3.5 x
104 Ci per year; and radon-220 and -222 together
account for approximately 1.2 Ci per year. (ERDA
report 77-64, August 1976)

Radioactive emissions of bituminous coals have
a high uranium content (75 ppm).

Solar Heating and Cooling
of Buildings

Water contamination can occur in solar-heated
domestic hot water systems at heat exchanger in-
terfaces. Serious health consequences could be
expected if the contaminated water is ingested.
Water contamination could result from the heat
exchange fluids themselves, or in water-based
systems from such additives as:

Corrosion inhibitors—Chromates, berates, ni-
trates, nitrites, sulfates, sulfites, arsenates, ben-
zoate salts, various triazoles, silicates, and phos-
phate compounds.

Freeze protestants—Glycols.

Heat transfer fluids—Paraffins, aromatic and
other synthetic hydrocarbons.

Bacteriacides— Chlorinated phenols.

Solar collectors used in heating and cooling
systems utilize organic chemical compounds as in-
sulators that can emit highly toxic substances
under overheat or fire conditions. Fumes usually
consist of simple starches and phenolic com-
pounds: ammonia, hydrochloric acid, hydrofluoric
acid, toluene diisocyanate (TOI), and hydrogen
cyanide.
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Table A-1 .—Trapped Organic Compounds and Aromatic Units in Coal

. Straight-chain hexane
. 2-hexene
. Dimethylbutane, methyl-

cyclopentane

45
46
47
48

Ethyloctane (7)
Trimethylthiophene
Propylbenzene
Methyl ethylbenzene

4. cyclohexane 49 Trimethylbenzene

5. C:-alkene (B) 50 C:.-alkene (B)

6. Benzene 51 C.-alkylbenzene

7. Thiophene 52.C.-atkene (B) and C.-

8. C:-atkane (B). C:-alkene (B) alkylbenzene

9. C:-alkadiene (B)or c:- 53 Tetramethylbenzene
alkyne (B) 54 1-methyl-4-isopropyl-3-

10. Cyclohexene cyclohexene (?)
11. C:-alkane (B) 55 Methylindan
12. Dimethylcyclopentane 56 Ci-alkene (B)
13. 2- and 3-methylhexanes 57 Dimethylindan

. Heptene

C--alkylbenzene

15. 2.3-dimethyl-2-pentene 59 Tetralin
16. Methyicyclohexane 60 Cs-alkylbenzene
17. Dimethylhexane 61. Cis-alkene,

18. Heptyne Ce-alkylbenzene
19. Trimethyipentane 62 Naphthalene
20. Methylheptane 63 Ci.-alkane (B). C..-alkene

. Methylheptene

. Trimethylcyclopentane
. 1-methylcyclohexene

. Toluene

. Dimethylcyclohexane

64
65
66
67

B)
2-methylnaphthalene
1-methyinaphthaiene
C-alkyldecalin
C:-alkyldecalin

26. Methylthiophene 68 Trimethylindan

27. Cs-alkene (B) 69 Tetramethylindan and/or

28. Ethylcyclohexane trimethyitetralin

29. Trimethylcyclohexane 70 Cs-alkylcyclohexane

30. n-propyl and/or 71 Biphenylene
isopropylcyclohexane 72 2-ethylnaphthalene

31. C.-alkylcyclopentane (?) 73 1-ethyinaphthalene

32 Cs-alkane (B). Cs-alkene 74 Dimethylnaphthalene

33. Cs-alkyne (?) and/or Ce- 75 Cadinane (4.10-dimethyl-7-
alkadiene (?) isopropylidecalin)

34. Ethylbenzene 76 Dihydrocadinene (T),

35. Dimethylthiophene Co-alkylcyclohexane

36. m. and p-xylene 77 Selinane and

37 o-xylene eremophilane

38. Cs-alkene (B) (hydronaphthalenes)

39 tetramethylcyciohexane 78 Dihydroselinene (T) and/or

40. Co-alkene (B) dihydroeremophilene (T)

41 C -alkylcyclohexane 79 Dihydrocadinene (T)

42. Diethylcyclohexane (?) 80 C--alkylindan

43. C.s-alkane (B), Cio-alkene 81 Methylcenaphthene. 2(?)-
(B) isopropylnaphthalene

44. C..-alkene 82 Diphenyimethane

83 J or 4-methylbiphenyl
84 Cio-alkylbenzene
85 Tetramethylindan

114,
115
116.

Methyldibenzothiophene
Cs-alkyltetralin (?)
C:oH,2 (abietadiene (?))

86 CisH:«-sesquiterpenoid 117. CoHuo (tricyclicditerpenoid
hydrocarbon (?) (?))
87 Cs-alkyltetralin 118. 2- and/or 3- methylphenan-
88 Methyl-ethylnaphthalene threne
and/or 119. 1- and/or 9-methylphenan-
trimethylnaphthalene threne
89 Trimethylnaphthalene 120. 1,7-dimethylphenanthrene
90 Fluorene 121. Dimethyldibenzothiophene
91 1.6-dimethyl-4-isopropyl-1, 122. Ce-alkyltetralin (or Coi-
2-dihydronaphthalene (T) alkylindan) (?)
92 Iso-butylnaphthalene, 123. Dehydroabietene (4.20-
trimethylnaphthalene dimethyl-13-isopropyl-8H-
93 1-methyl-4-isopropyl- phenanthrene)
naphthalene 124. Dimethylphenanthrene
94 Eudalene (1-methyl-7- and/or dimethylanthracene
isopropyl-naphthalene) 125. Dehydroabietane
95 C--alkyltetralin (?) 126. CzoH 2 (tricyclic-
96 1-methyl-2- diterpenoid) (?)
propylnaphthalene (T} 127. Fluoranthene
97 Cadalene (1.6-dimethyi-4- 128. Ci-alkyltetralin {?)
isopropyl-naphthalene) 129. Abietatetraene (T)
98 Tetramethyinaphthaiene (trimethylisopropyl-6H-
99. 1.4-dimethyl-6 (?)- phenanthrene)
isopropyl-naphthalene. Ce- 130. 1,2,3,4-tetrahydroretene (T}
alkyltetralin (T) 131. Methyl-ethylphenanthrene
100 Ce-alkyltetralin (T) and/or trimethylphenan-
101 1.2.5.7-tetramethyl- threne
naphthalene 132. Pyrene
102 Pristane 133. Simonellite
103 Methylfiuorene 134. Retene (1-methyl-7-
104 Pentamethylnaphthalene isopropylphenanthrene)
105 Dibenzothiophene 135. 1.2-benzofluorene
106 Trimethyloctahydro- 136. 2.3-benzofluorene
phenanthrene 137. 3,4-benzotluorene

107 Methyltetrahydrophenan- 138. Methylpropylphenanthrene
hrene (T) and/or

108 >henanthrene dimethylethylphenan-

10Y. CiH.(m/e 191, base peak), threne
C.oH (M *) tricyclic 139. Methylbenzofluorene
terpenoid (?) 140. Tetramethylphenanthrene

110. Dimethyltetrahydrophe- and/or tetramethylan-
nanthrene (T) thracene

111. Ethyltetrahydrophenan- 141. Chrysene and/or

threne (T)
112 Anthracene
113. Naphthofuran

triphenylene

B = branched T = identification tentative ? = identification uncertain

Fuels From Biomass

Thermochemical biomass conversion can pro-
duce gases, tars, oils, and unconverted residue
(char) and ash, depending on the particular con-
version process. Thermochemical reactions gen-
erated sulfur-containing (H,S, COS, CS, SOX) and
nitrogen-containing (HCN, NOX, NH,) gases.

Water can be affected by the residuals produced
from thermochemical conversion. Low-molecular
weight oils, phenols, leachates from char and ash
residues, and scrubber solution runoff may enter
water bodies by direct discharge or by percola-
tion to subsurface waters from evaporation
points.
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REFERENCE LIST FOR SUBSTANCES WHOSE PRODUCTION OR
ENVIRONMENTAL RELEASE ARE LIKELY TO INCREASE
IN THE NEXT 10 YEARS

Chemical Marketing and Economics Abstracts.
The Division of Chemical Marketing and Econom-
ics of the American Chemical Society (ACS) pre-
sents papers at ACS national meetings on sub-
jects related to the responses of the chemical in-
dustry to economic changes as well as responses
of the financial community to changes in the
chemical industry. Abstracts of these papers are
published by ACS.

A Study of Industrial Data on Candidates for
Testing. This document, published by the U.S.
Environmental Protection Agency, Office of Toxic
Substances (EPA Contract No. 68-01-4109, No-
vember 1976) contains market forecasts for 10
major classes of chemicals (109 individual chemi-
cals) with an annual production greater than or
equal to 1 million Ibs. Chemicals that are used ex-
clusively as drugs or pesticides are not included.
The market forecasts include: 1) a discussion of
production and trade statistics, 2) consumption
patterns, whenever possible, 3) growth trends, 4)
a brief summary of current uses as well as poten-
tial new applications, and 5) growth trends in end-
market consumption. A discussion of possible sub-
stitutes for some of the chemicals is aso included.

Environmental Development Plans. The Envi-
ronmental Development Plans (EDPs) published by
the U.S. Department of Energy (March 1978) were
conceived and prepared as basic documents to
assist in planning and managing environmental
programs of energy technology development. Ap-
proximately 30 EDPs covering major developing
energy technologies were prepared.

A Review of Current Information on Some Eco-
logical and Health-Related Aspects to the Release
of Trace Metals Into the Environment Associated
With the Combustion of Coal. This document by
Merrill Heit is a technical report (HASL-320) from

the Health and Safety Laboratory, Energy Re-
search and Development Administration, New
York, N.Y. 10014, reviewing the literature on one
class of pollutants. Information on the environ-
mental levels, ecological effects, and potential
toxicity to man of 35 elements that may be re-
leased into the environment by coal combustion or
gasification is presented.

Fossil Energy Update. This monthly journal
compiled by the Department of Energy lists ab-
stracts of current scientific and technical reports,
journal articles, conference proceedings, theses,
and monographs on all aspects of fossil energy, in-
cluding factors involving the environment, health,
and safety.

Chemical Engineering News. The Chemical En-
gineering News is a weekly publication of the
American Chemical Society that contains rele-
vant information in such sections as “Chemical
World, “ “This Week,” “ Business Concentrates, "
and “Science/Technology,” and in profiles on
selected chemicals.

Chemical Marketing Reporter. This weekly,
published by Schnell Publishing Company, Inc.,
contains information on chemical market reports
and profiles on selected chemicals.

Trapped Organic Compounds and Aromatic
Units in Coal. This article, published by Tyoichi
Hayatsu et al. in Fuel 57:541 (1978), contains a
detailed analysis of the organic constituents of
three coals: a lignite, a bituminous, and an an-
thracite. Organic compounds trapped in the coal
matrix, residuals, and products of the original
coalification process were described.

Personal Communications With Several Orga-
nizations, Including the Chemical Development
Association and Chemical Marketing Research
Association.
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DEPARTMENT OF HEALTH,
EDUCATION, AND WELFARE

Food and Drug Administration
21 CFR Part 109

[Docket No. 77N-0080]

Polychlorinated Biphenyls (PCB’s);
Reduction of Tolerances

acency: FOOd and Drug Administration.
action: Final Rule.

summary : The Food and Drug
Administration [FDA) is reducing the
tolerances for unavoidable residues of
the industrial chemicals polychlorinated
biphenyls (PCB's) in several classes of
food. Specifically, the agency is reducing
the tolerances in milk and dai r¥

products from 2.5 parts per million (ppm)
to 1.5 ppm (fat basis), in poultry from 5
ppm to 3 ppm (fat basis), In eggs from 0.5
ppm to 0.3 ppm, and in fish and shellfish
from 5 ppm to 2 ppm.

oates: Effective August 28, 1979;
objections on or before July 30, 1979.
aooress: Written objections to the
Hearing Clerk (HFA-305), Food and
Drug Administration, Rm. 4-85, 5000
Fishers Lane, Rockville, MD 20857.

FOR FURTHER INFORMATION CONTACT:
Howard N. Pippin, Bureau of Foods
(HFF-312), Food and Drug
Administration, Department of Health,
Education, and Welfare, 200 C St. SW.,
Washington, DC 20204,202-24$3092.

SUPPLEMENTARY INFORMATION: IN the
Federal Register of April 1,1977 [42 FR
17487), FDA proposed to reduce the
temporary tolerances for unavoidable
residues of PCB’s in several classes of
food. The agency received over 100
comments on the proposal from
interested individuals, consumer groups,
businesses, trade associations, State
government agencies, and others. The
agency has considered these comments
and is now issuing afinal order reducing
the PCB tolerances as originally
proposed. Following a brief discussion
of the background, this document will
respond to the comments the agency
received and explain the agency’s
reasons for adopting the reduced
tolerance levels.

|. Background

PCB’s are aclass of toxic industrial
chemicals that have become persistent
and ubiquitous environmental
contaminants as a result of past
widespread, uncontrolled industrial use,
Asexplained in the preamble to FDA’s
proposal initiating this rulemaking

proceeding (see 42 FR 17489), one result
of PCB contamination of the
environment has been contamination of
certain foods. In the Federal Register of
July 6,1973 (38 FR 18098), FDA issued
regulations to deal with the problem of
PCB contamination of food. Among
those regulations was one establishing
temporary tolerances for unavoidable
PCB residues in various categories of
food. Those original tolerances are now
codified in $109.30 (21 CFR 109,30). The
order FDA is issuing in this document
reduces certain of those tolerances.

FDA’s authority to issue tolerances for
unavoidable food contaminants is
derived from sections 402(a)(2)(A) and
406 of the Federal Food, Drug, and
Cosmetic Act (the act) (21 U.S.C.
342(a)(2)(A) and 346). Section
402(a)(2)(A) deems food adulterated,
and thus prohibited from interstate
commerce, if it contains “any added
poisonous or added deleterious
substance” that is unsafe within the
meaning of section 408 Section 408
deems any added poisonous or
deleterious substance to be unsafe
unlessits presence in the food is
required in the production thereof or
cannot be avoided by good
manufacturing practice. Section 408 also
authorizes the agency to promulgate
regulations limiting the quantity of such
a required or unavoidable substance
that can be present legally in food. Such
limits, called tolerances, are to be set by
FDA at the level found necessary to
protect the public health, taking into
account the extent to which the .
substance is required or unavoidable
and the other ways the consumer may
be affected by the same or other
poisonous or deleterious substances,
Once aregulation establishing a
tolerance has been promulgated for a
particular poisonous or deleterious
substance, food containing that
substance in an amount exceeding the
tolerance is deemed adulterated under
section 402(a) (2)( A].

One of the primary purposes of
section 406 of the act isto enable FDA
to deal effectively with environmental
contaminants such as PCB’s, These
substances often enter food as aresult
of events beyond the reasonable control
of the food manufacturer or processor
and, oncein the food, usually cannot be
removed by good manufacturing
practice. For example, in the case of
PCB’s, some species of fish have become
contaminated to varying degrees as a
result of the dumping of PCB-containing
industrial waste into the nation’s waters
(see the Federal Register of March 18,
1972 (37 FR 5705)]. Once the
contamination occurs, there is little that

can be done to remove the PCB’s from
the water or from the fish; their presence
is, in that sense, unavoidable. Because
theinitial contamination of fish with
PCB’s cannot be avoided (nor the PCB’s
processed out), the only way to avoid
PCB’s in fish Is to remove fish from
commerce if it contains PCB’s above a
given tolerance level. The degree of
avoidance accomplished by this method
is, of course, afunction of the level at
which the tolerance is set, In this way, it
istheoretically possible to avoid PCB’s
in fish absolutely by removing from
commerce al fish that contain any
amount of PCB’s.

Section 406 of the act authorizes FDA
to make a practical judgment in dealing
with such environmental contaminants:
Based on an assessment of the degree to
which the contaminant poses a threat to
consumers, the agency can decide to
tolerate the contaminant’s presence in
food up to alevel the agency considers
appropriate to protect the public health,
taking into account, among other factors,
the extent to which the presence of the
contaminant is unavoidable, In making
this judgment, the agency’ s paramount
concern is protection of the public
health: The tolerance cannot be set
above the level. the agency finds
necessary to protect the public health
adequately. But in determining what
tolerance level provides an adequate
degree of public health protection, FDA
is required by section 406 to consider
the extent of unavoidability—in the case
of PCB contamination of fish, the
amount of PCB-contaminated fish that
must be disposed of to reduce human
exposure to PCB’sto atolerable level,
As apractical matter, of course, a
tolerance, if it is to be enforceable,
cannot be set below the level at which
the contaminant can be reliably
measured for enforcement purposes by
available analytical methods.

The toxicological data available on
PCB's make it clear that, in an ideal
situation, it would be preferable not to
have PCB’sin food at any level. As
discussed more fully below, the data do
not permit the identification of any level
of PCB exposure that can be said to
provide an absolute assurance of safety,
It is equally clear, however, that the
reduction of PCB exposure from food
sources to zero, or to alevel
approaching zero, would require
elimination of large amounts of food,
especially fish. Hence, in deciding the
appropriate levels for PCB tolerances
under section 408, FDA has had to make
some extraordinarily difficult judgments.
It has had to decide, in effect, where the
proper balance lies between providing
an adequate degree of public health
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protection and avoiding excessive losses
of food to American consumers.

The comments received on the
proposal revea that by far the most
controversial aspect of this rulemaking
proceeding is the balancing judgment
FDA made in proposing to reduce the
PCB tolerance in fish from 5 to 2 ppm.
Some comments argued that the
proposed reduction would cause an
excessive loss of food and significant
adverse economic impact without
providing any significant increase in
public health protection. Other
comments argued the converse, i.e., that
the proposed reduction to 2 ppm would
not adequately protect the public health
and that the tolerance should be
reduced to 1 ppm (the lowest level at
which PCB residuesin fish can be
reliably measured fop enforcement
purposes), despite the additional losses
of food that a reduction to 1 ppm would
cause. In each case, the comments
bolstered their arguments by contending
that FDA has either overestimated or
underestimated the toxicity of PCB’s and
the impact of the proposed reduction of
the tolerance in terms of food loss and
adverse economic consequences.

The comments criticizing the proposed
reduction of the fish tolerance highlight
the difficulty of the judgment FDA must
sometimes make in establishing
tolerances. Not only must FDA make a
qualitative judgment about the proper
bal ance between adequate public health
protection and excessive loss of food, it
also must often make that judgment on
the basis of datathat areincomplete, or
even in dispute, and that can easily lead
reasonable people to differing
conclusions. As the comments illustrate,
it is nearly always possible to conduct
additional studies and investigations to
refine further the knowledge of a
substance' s toxicological profile, the
incidence and-degree of human
exposure to it, and the impact a given
tolerance reduction will have on the
food supply. As an agency whose first
responsibility is to protect the public
health, however, FDA must act on the
basis of the information availableto it,
even when the information is
incomplete. Neither the agency nor the
public can afford to wait until every
uncertainty is resolved. See Ethyl Corp.
v. Environmental Protection Agency, 541
F.2d 1, 24-29 (D.C, Cir,) (en banc), cert.
denied, 426 U.S. 941 (1976].

In the case of PCB's, even though
there are obvious shortcomings in the
available data, which are discussed
below, FDA considers the data to
provide a more than adequate basis for
the exercise of itsjudgment in reducing
the PCB tolerances. There would be no

advantage in delaying this action
because It will take years to resolve
certain of the shortcomings in the data
on PCB's, if they can be resolved at all.
For example, no chronic toxicity studies
have been performed on the specific,
chemically distinct composition of PCB’s
found in fish residues. Even if such
studies were begun immediately, it
would be 3 to 4 years before results
could be available. That plainly istoo
long to wait to take action necessary for
the protection of the public health.

Because of the emphasis the
comments placed on the proposed
reduction of the fish tolerance, this
document reviews the basis on which
the reduction was proposed and
explains why, after considering the
comments, the agency has decided to
promulgate the reduction as proposed.
After discussing the fish tolerance and
the major points raised about it in the
comments, this document responds to
the remaining comments received on
other aspects of the proposal.

11. The Tolerance for Fish and Shellfish

In the preamble to the April 1, 1977
proposal, the agency discussed new
toxicity data that had become available
after the original PCB tolerances were
promulgated in 1973 [42 FR 17488-9). In
contrast to the data underlying the
original tolerances, which consisted
primarily of data from retrospective
studies of humans in Japan who were
exposed to high doses of PCB’s and
showed acute toxic effects from the
exposure (42'FR 17487-8), the new
toxicity data consist primarily of animal
studies showing an association between
PCB exposure and serious subchronic
and chronic toxicities, including adverse
reproductive effects, tumor production,
and,Possi bly, carcinogenicity, as well
as effects on numerous biochemical
systems [42 FR 17488-9). Although the
data do not fully resolve such important
questions as the carcinogenicity of
PCB'’s, they lead to the conclusion that
neither “no effect” nor “alowable daily
intake” levelsfor PCB’s can be
established with any confidence and
that, from atoxicological point of view,
human exposure to PCB’s should be
reduced.

The preamble to the proposal also
discussed data FDA had gathered on
human exposure to PCB’s, especially
from dietary sources (42 FR 17489-90),
These data show that the current
incidence of PCB contamination of food
has declined significantly in comparison
to that on which the original PCB
tolerances were based (see 37 FR 5705),
Indeed, the new data show that fish are
the only food group in which detectable

levels of PCB contamination are now
routinely found.

Based on the declining incidence of
PCB contamination, which means that
PCB’s are avoidable in food to a greater
degree now than they were earlier, as
well as the new toxicity data suggesting
chronic toxic effects, FDA decided the
PCB tolerances should be reduced.

In the preamble to the proposal, the
agency analyzed the new toxicity and
exposure data as they bore specifically
on the tolerance for PCB’sin fish42 FR
17492-3). The agency concluded that
reduction of the tolerance from 5 to 2
ppm was necessary to protect the public
health adequately, even though that
reduction would result in the estimated
loss of aminor percentage of marine fish
(approximately 0.2 percent) and up to 25
percent of freshwater fish shipped
interstate (the loss of marine and
freshwater fish having a combined
landed value of approximately $8
million per year). The agency concluded
that the increment of public health
protection afforded at least theoretically
by afurther reduction of the tolerance to
1 ppm did not justify such areduction in
light of the substantially greater loss of
food that would result (a combined
landed value, marine and freshwater. of
approximately $18 million per year).

As noted, a large mgjority of the
comments on the proposal dealt with
some aspect of the agency’s proposal to
reduce the fish tolerance to 2 ppm. Some
of the comments agreed that the
proposal struck a proper balance
between the need to protect the public
health and the need to avoid excessive
loss of food. Other comments argued
that the tolerance should be reduced to 1
ppm in light of the new toxicity data on
PCB’s, despite any additional loss of
food that might result.

Most of the comments on the fish
tolerance, however, were submitted by
members of the fishing industry, by
trade associations, and by agencies of
State governments involved in
commercial fishing matters, who argued
that reduction of the tolerance to 2 ppm
is not justified. Some of these comments
contended that the health hazard
presented by occasional consumption of
fish containing 5 ppm PCB’s is not
significant and that any reduction in risk
to consumers accomplished by reducing
the tolerance to 2 ppm would be minor.
These comments also argued that any
such risk reduction would be
outweighed by the resulting adverse
economic consequences, which some
argued would be far in excess of those
cited by the agency in its proposal. In
support of the latter argument, some of
these comments estimated the impact a
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2 ppm tolerance would have not only on
the commercial fish catch, but al'so on
emcs)lcglment and income in the fishing
and related industries and on
recreational fishing. Arguing that the
States would curtail recreational fishing
in certain areas if the tolerance were
reduced to 2 ppm, the comments
projected large losses of sales amon?
those supplying boats, licenses, tackle,
and bait to sport fishers.

Due to the large volume of comments
challenging the proposed reduction of
the fish tolerance, the agency has
carefully reassessed the justification for
lowering the tolerance from 5 to 2 ppm.
It has reviewed the toxicological data
and has attempted to estimate in
quantitative terms the degree to which
lowering the tolerance would reduce
risk to consumers. In addition, it has re-
examined the question of how much
additional loss of fish would occur asa
result of the proposed reduction. Based
on its reassessment, the agency
concludes that reduction of the
tolerance for PCB’s in fish to 2 ppm
strikes the proper balance between the
need to protect the public health and the
need to avoid unnecessary loss of food.
Hence, the reduced tolerance is being
promulgated as proposed.

A. Risk Reduction

As noted earlier in this preamble, the
proposal to reduce the fish tolerance
was based in part on new toxicity data
showing arelation between PCB
exposure and an increased incidence of
various subchronic and chronic toxic
effects, including adverse reproductive
effects, tumor production, and, possibly,
carcinogenicity (42 FR 17487-9). The
proposal itself noted certain factors that
complicate the evaluation of PCB
toxicity (e.g., varying degrees of toxicity
among the severa forms of PCB’s, the
presence of toxic impurities such as
chlorinated dibenzofuransin
commercial preparations of PCB's, the
differences in chemical composition
between commercial PCB’s and PCB
residuesin fish, and varying
susceptibilities of different animal
species to the toxic effects of PCB's);
these complicating factors were also
pointed out in some of the comments
received on the proposal,

Notwithstanding these factors,
however, there islittle genuine dispute
over the fact that exposureto PCB's
must be considered to pose arisk of
serious, chronic toxic effects in humans.
The toxicological judgment that flows
from this fact—i.e., that areduction in
human exposure to PCB’ s will reduce
this risk-was an important part of the
agency’ s rationale for proposing to

reduce the fish tolerance. Nothing in the
comments and nothing discovered
during FDA'’s reassessment of the
toxicity data alters the validity of that
fundamental judgment. The agency
therefore concludes that it is important
as a matter of public health protection to
minimize human exposure to PCB's.
The real question raised by the
comments is whether the degree of risk
reduction accomplished by lowering the
fish tolerance to 2 ppm is sufficient to
iustlfy the incr loss of food that the
ower tolerance will cause. Thisisan
extremely difficult question because it is
not now possible for toxicol ogists to
quantify precisely, on the basis of
toxicity data derived from animal
studies, the risks posed to humans.
Using classical toxicological methods,
the most that can be done reliably isto
make qualitative judgments about risks:
A dtatistically significant increased
incidence of adverse effectsin animals
is good evidence of arisk to humans,
and, generally, the greater the incidence
of effectsin animals, the greater the risk
to humans (Ref. 43). Having identified
the risk of a chronic toxic effect from
exposure to a substance, classica
toxicological principleslead to the
conclusion that reduction in exposure
will reduce the risk (Ref. 44). Again,
there is no evidence that these
principles do not apply to PCB’s.
Scientists have recently developed
methods, incorporating mathematical
extrapolation models, for making
quantitative estimates of risks to
humans based on toxicity data from
animal studies. These risk assessment
methods do not purport to quantify
precisely the expected human risk, but
rather attempt to estimate in
quantitative terms an upper limit on the
risk to humans that can be expected
from agiven level of exposureto atoxic
substance, assuming humans are no
more susceptible to the effects of the
substance than are the most susceptible
members of the animal species for
which toxicity data are available. These
risk assessments can be useful asa
means of comparing risks at various
exposure levels and illustrating the
toxicological judgment that a reduction
in exposure will reduce risk. Because of
all the problems inherent in
extrapolating from animal data to the
expected human experience, however,
the numbers produced by a risk
assessment must be interpreted
cautiously: They are estimates of ur)per
limits on risk and, though potentially
useful for comparative purposes, cannot
be said to quantify actual human risk
precisely. These assessments attempt to
avoid underestimatin,human risk, but

even that cannot be guaranteed. The
Work Group on Risk Assessment of the
Interagency Regulatory Liaison Group
(IRLG) has recently prepared areport
that discussers many of the principles
involved in risk assessment.

As part of itsreview of the
toxicological justification for reducing
the fish tolerance, the agency has
performed a risk assessment aimed at
compari gg the estimated risks
associated with PCB exposure at the
various levels of exposure that would
result from different tolerance levels
The written report on this risk
assessment has been made a part of the
record of this proceeding as Reference
45,

As explained in that report, the risk
assessment involved the use of the most
recent available data on the incidence of
PCB contamination of fish to calculate
thelevel of exposure to PCB’sthat could
be expected to result from tolerance
levelsof 5,2, and 1 ppm (Table 4, Ref.
45). These calculations were based on
the assumption that under a given
tolerance level, no fish containing PCB’s
in an amount above that level would be
consumed, It istrue, of course, that an
FDA tolerance level directly affects only
fish shipped in interstate commerce, but
States often adopt FDA' s tolerance
levels for application to intrastate and
recreational fishing. Thus, even if the
exposure calculations used in the risk
assessment (Table 4, Ref. 45) do
somewhat overstate the absol ute
amounts of excr)osure reduction, they
nevertheless demonstrate that a
reduction of the PCB tolerance for fish
would result in a significant reduction of
PCB exposure [e.g., for heavy consumers
of the affected species, reduction of the
fish tolerance from 5 to 2 ppm reduces
exposure from an estimated 20.1
micrograms (pg) per day to an estimated
14.9 pg per day). Such significant
reductions in PCB exposure from fish
are especially important in terms of risk
reduction because fish are the only food
group in which detectable levels of
PCB’s are till regularly found.

Based on the calculations of exposure
at various tolerance levels and toxicity
data from animal studies, the agency
used a linear extrapolation method to
estimate the upper limits on certain risks
posed by exposureto PCB’s, This
analysis resulted in estimates of
significant potential risk to humans who
consume PCB-contaminated fish on a
continuing basis, especially fish
contaminated at or above the 5 ppm
level (Tables 6 and 7, Ref. 45). For
example, using the total malignancy
data from the National Cancer Institute
(NCI] Bioassay (Ref. 19), it is estimated
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that the upper limit on the lifetime risk
of cancer for heavy consumers of fish
most affected by the tolerancesis 9.8
incidence of cancer per 100,000 of the
population, assuming the toleranceis 5
ppm; 7.2 per 100,000, assuming the
tolerance is 2 ppm; and 4.4 per 100,000,
assuming the tolerance is 1 ppm (Table
6, Ref. 45). Stated another way, it is
estimated that the upper limit on the
number of new cancers per year among
heavy consumers of fish most affected
by the tolerances is 46,8, assuming a
tolerance of 5 ppm; 34.3, assuming a
tolerance of 2 ppm; and 21, assuming a
tolerance of 1 ppm (Table 7, Ref. 45).

As explained in the report (Ref. 45),
the utility of this risk assessment for
evaluating actual risk to humans from
exposure to PCB’sis extremely limited.
Thisis due both to difficulties inherent
in making such extrapolations from
animals to humans and, perhaps more
importantly in this instance, to gaps and
uncertainties in the data available for
this particular risk assessment. For
example, the toxicity studies on which
the risk assessment is based used
commercial preparations of PCB’s,
which are chemically different from the
PCB residues found in fish and which
contain small amounts of highly toxic
impurities (e.g., dibenzofurans) not
known to be present in fish residues,
Also, in making the exposure estimates
required for the risk assessment, it was
necessary to use existing data on the
numerical distribution of PCB levelsin
fish and rely on the assumption that the
effect of agiven tolerance level isto
remove from commerce all fish
containing PCB'’s exceeding the
tolerances. It is possible that neither the
assumption nor the data precisely reflect
what actually occurs.

For these reasons and others
discussed in the report (Ref. 45), the risk
assessment does not provide abasisfor
precise quantification of the amount of
risk reduction accomplished by reducing
the fish tolerance, Despite the
limitations inherent in the risk
assessment, however, the agency
regardsit asillustrative of the basic
validity of thetoxicological rationale for
reducing the tolerance for PCB’sin fish:
Reduction of the tolerance will result in
asignificant reduction in risk among
those who consume PCB-contaminated
fish. FDA considers this risk reduction
to be of significant public health value,
even though it cannot be precisely
quantified.

B. Loss Of Food

In the preamble to the proposal, the
agency estimated that the loss of food
from commercial channels resulting

from a 2 ppm tolerance for PCB’s in fish
would be approximately $8 millionin
landed value, compared to
approximately $1 million for the 5 ppm
tolerance and $18 million for a 1 ppm
tolerance, The estimated $8 million loss
resulting from a 2 ppm tolerance
encompassed a negligible percentage of
the marine-fish catch (about 0.2 percent)
and about 25 percent of the freshwater
cach (42 FR 17492),

The agency arrived at these figures by
assuming that al fish containing PCB’s
above the tolerance would be removed
from both interstate and intrastate
commerce (“Economic Impact
Assessment for Proposed Reduction of
Temporary Tolerances for

Polychlorinated Biphenylsin Food,” Ref.

39). There are severd difficulties
inherent in this assumption. On the one
hand, it may tend to overstate the loss
because (a) some states may not apply
FDA'’s reduced tolerance to intrastate
fish, (b) some violative fish will be part
of nonviolative lots, and (c) some
violative lots may enter commerce
undetected. On the other hand, it may
tend to understate the loss because once
the violative percentage of a given
species reaches a certain level,
commercial fishers may stop fishing that
species altogether. Some of the
comments cited these difficultiesin
support of arguments that FDA had
either overestimated or underestimated
the amount of fish that would be lost as
aresult of a2 ppm tolerance. Despite its
acknowledged limitations, adoption of
the assumption isanec and
reasonable method for dealing with the
uncertainties inherent in predicting the
impact of a tolerance reduction. None of
the comments suggested an alternative
method for estimating the amount of fish
that would be removed from commerce
as aresult of the proposed tolerance
reduction.

Because of the commentsiit received
questioning the justification for the
proposed reduction in the fish tolerance,
the agency has re-examined its
projections of the food loss expected to
result from such areduction. The
projections made in the preamble to the
proposal were based on data obtained
IN 1974 on the levels of PCB’sin
commercia fish, primarily from the
Great Lakes (Ref. 39), In making those
original projections, the agency was
forced to rely on the assumption that
PCB levelsin freshwater fish nationwide
were as high as those found in the Great
Lakes. FDA now has more recent and
more representative data on PCB levels
in commercial fish, which it obtained
through a nationwide sampling program
conducted in 1978 and 1979, Based on

these more recent data, the value of the
fish projected to be lost at tolerance
levelsof 5 ppmand 2 ppmis
substantially less than was projected in
the proposal. The loss projected under a
1 ppm tolerance would remain about the
same (Table B, “Regulatory Analysis for
Final Regulation for Reduction of
Temporary Tolerances for

Polychlorinated Biphenylsin Food,” Ref.

46). Specifically, the amount of
commercial fish now projected to be lost
asaresult of a2 ppm tolerance is about
$5.7 million (expressed in 1974 dollars
compared to the previously estimated
million; the current estimated loss of fish
under a5 ppm tolerance is about $0.6
million (compared to the previously
estimated $1.1 million). Under a 1 Ppm
tolerance, however, the projected tish
loss, using the new sampling data on
PCB levels, is about $16 million
(compared to the previously estimated

18 million). The percentage of the

reshwater Tish catch now”estimated to
be lost under a 2 ppm tolerance is 14
percent (compared to the 25 percent that
had been estimated from the 1974 data);
under a1 ppm tolerance, the currently
estimated loss of freshwater fishis 35
percent (compared to the previously
estimated 43 percent) (Ref. 46),

As noted earlier in this preamble,
many of the comments argued that the
impact of the proposed tolerance
reduction must be measured not only by
the amount of the resulting fish loss but
also by other economic impacts, such as
potential unemployment and loss of
income in the fishing industry and
Postulated disruption of the recreational

ishing industry (e.g., reductionsin boat,
tackle, and bait sales|. The comments
provided figures ranging into the
hundreds of millions of dollars on the
total economic value of these industries
and, without offering any further
analysis, contended that the impact on
them would be “severe” or “mgor.” The
predicted impact on recreational fishing
was premised on the possibility that
State governments would severely
curtail recreational fishing if the
tolerance were reduced to 2 ppm.

In establishing a tolerance for PCB’s
in fish, FDA must take into account the
amount of fish a given tolerance would
remove from commerce. Section 406 of
the act, however, neither requires nor
authorizes FDA to weigh secondary
economic impacts when it considers the
level at which a tolerance should be set.
Consideration of such impacts would be
inconsistent with the paramount
concern of section 406, which is
protection of the public health, and
would complicate the decisionmaking
process under section 406 in away
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Congress did not intend. Obviously,
consideration of the amount of food loss
caused by a tolerance helps to ensure
that the direct economic consequences
of the tolerance (in this case, decreased
sales and employment in the commercial
fishing industry) will not be

disproE)orti onate to the increased degree
of public health protection accomplished
by the tolerance; but the agency
considers secondary economic
consequences, such as potential impact
on the recreational fishing industry,
totally beyond the scope of section 406.

None of this should suggest that the
agency is unaware of, or unconcerned
about, the economic consequences of its
actions. It is keenly aware that actions it
takes to protect the public health can
have adverse economic consequences,
both direct and indirect, and that these
consequences can sometimes be felt
with particular severity in certain
narrow segments of the economy. For
example, some of the comments on the
proposal argue that the impact of a2
ppm PCB tolerance for fish will be
especially severe for small-scale,
freshwater fishers who specialize in
certain species that happen to be
heavily contaminated. The agency
acknowledged this possibility in the
preamble to the proposal (42 FR 17492).

in the present case, however, the
agency has reason to believe that the
claims of adverse economic impact are
exaggerated. Based on the 1078/1979
dataon PCB levelsin freshwater fish, a
2 ppm tolerance will remove from
commerce about $5.7 million worth of
commercial fish. Although it is possible
that fishing for certain heavily
contaminated freshwater species may
cease entirely in locations where PCB
contamination is concentrated, at least
some affected fishers-both commercial
and sport-can be expected to adjust to
the reduced tolerance by increasing
their catch of other species or
transferring their activities to other, less
contaminated |ocations within their
current area of operation.

In evaluating claims of economic
impact, it is theoretically and
pragmatically sound to take into account
the motives and opportunities for
adaptive behavior by affected
individuals and fins. If the public
demand for commercially caught fish
remains stable or increases, and if the
attractions of sport fishing remain
strong, it can be expected that some
fishing activity will shift to species that
are not contaminated above the
tolerance. Over time, the shifts will
become easier asthe levels of PCB
contamination decline because more
and more species will have average PCB

levels well below 2 ppm. Over thelong
term, the adjustments will help to
minimize the net economic impact of the
tolerance reduction on both individual
fishers and the overall commercial
freshwater fishing industry.

None of the comments attempted to

uantify in dollar terms the impact of
the tolerance reduction on the
recreational fishing industry, but several
postulated a “severe” or “major” impact
premised on voluntary decisions by
Individuals not to fish and mandatory
curtailments of recreational fishing by
State authorities. FDA isin no better
position than were those submitting the
comments to make precise predictions
about the future behavior of individuals
and State agencies. However, the
agency considers the premises
underlying the projections of “major” or
“severe” impact to be somewhat
speculative and of questionable validity.
Asnoted to the extent that the behavior
of individual recreational fishersis
affected by the tolerance reduction at
all, they, as much as commercial fishers,
can be expected to adjust to the
tolerance by shifting their activities to
the less contaminated species and
locations. Also, even if State agencies
decide that some curtailment of
recreational fishing is necessary in light
of the reduced tolerance, it is reasonable
to expect that their actions will be
tailored by species and location. In the
past, the most common response of
State agencies to FDA’s PCB tolerance
for fish has not been the mandatory
curtailment of recreational fishing.
Instead, they have issued warnings
concerning particular species and
locations and made suggestions
regarding both limitations on
consumption of particular species and
methods of preparing and cooking fish
that minimize the amount of PCB’s
actually consumed from contaminated
fish. Thus, thereis little reason to
believe that a 2 ppm tolerance will lead
to widespread, mandatory curtailment
of recreational fishing and the resulting
drastic economic impact the comments
postul ate.

C. Conclusion

Based on the data now before it, the
agency concludes that a reduction of the
fish tolerance from 5 to 2 ppm will result
in ameaningful decrease in the risk
experienced by consumers from
exposure to PCB’s. Some reduction of
the tolerance is clearly in order because
the toxic effects associated with
exposure to PCB's are serious and
irreversible; and, due to declining levels
of PCB contamination the current 5 ppm
tolerance permits contamination that

can fairly be termed “avoidable’’ -even
among the-more highly contaminated
commercial species most likely to be
affected by areduced tolerance, only a
minor percentage (about 1.5 percent
contain PCB’s at levels as high as 5 ppm
(Table A, Ref. 46). The agency’s
judgment is that the balance between
public health protection and loss of food
Is properly struck by a2 ppm tolerance.
Asnoted, as 2 ppm tolerance effects a
meaningful decreasein risk to
consumers while still excluding from
commerce only arelatively small
amount of food (about $5.7 million
landed valuein 1974 dollars).

Several comments argued that an
adequate degree of public health
protection can be provided only by
lowering the fish tolerance to 1 ppm, the
lowest level at which PCB’s can be
reliably measured in fish for
enforcement purposes. Indeed, as one
would expect, the risk assessment
performed by the agency, and discussed
above, indicates that the estimated risks
that might be experienced by consumers
of contaminated fish would be reduced
even further by areduction of the
tolerance to 1 ppm (Tables 6 and7, Ref.
45). Based on the evidence now before
it, however, the agency does not
consider a reduction to 1 ppm necessary
or appropriatein light of the policy of
section 408 of the act.

The risk assessment the agency made
incorporated several conservative
assumptions that were designed to
avoid understatement of the human risk.
Thus, it is expected that the actual risk
experienced by consumers of the 12
more heavily contaminated species
covered by the risk assessment isless
than that estimated. Moreover, the
average consumer, who eats fish from a
variety of freshwater and marine
sources, will actually experience afar
lower level of PCB exposure and a
correspondingly lower degree of risk
than those whose fish consumption is
concentrated among the more heavily
contaminated (predominantly
freshwater) species. For these reasons,
notwithstanding the quantified risk
estimates produced by the risk
assessment, the agency reaffirms the
conclusion it expressed in the preamble
to the proposal: The 2 ppm tolerance
provides an adequate degree of
protection for al but those who
consume above-average amounts of
freshwater fish taken from
contaminated waters (42 FR 17493).

In the agency’ s judgment, the
additional increment of public health
protection that might be provided by
reducing the tolerance to 1 ppm does not

justify the additional loss of food that
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would result. First, as discussed abov&CB's are forthcoming, the agency might

the agency estimates that under a

tolerance of 1 ppm, approximately $16 despite the effect that wou

million worth of the commercial fish
catch would be violative and thus,

consider establishing a1 me tolerance
d have on the
avallability of food.
For these reasons, the agency

presumably, removed from commerce.concludesthat at thistimeal ppm

This is nearly triple the $5.7 million

tolerance would not strike the proper

worth estimated to be violative under balance between protection of the

2 ppm tolerance. It is far more likely

public health and the need to avoid

under a 1 ppm tolerance than under a @xcessive loss of food.

ppm tolerance that the more heavily
contaminated species of freshwater fish

would be violative in percentages high
enough to put an end to their
commercial exploitation and, possibly,
force some segments of the freshwater
fishing industry to cease operations
completely. Thus, the actual loss of food
resulting from the 1 ppm tolerance could
greatly exceed even the $16 million
landed value (1974 dollars) estimated
above.

Second, for the average consumer,
current exposureto PCB’sin fishisat a
tolerably low level, when considered in
light of the criteria of section406 of the
act, without a 1 ppm tolerance, The
average consumer eats a modest amount
of fish from a variety of sources, both
freshwater and marine, most of which
yield fish with PCB levels below 1 ppm.
Because their exposure is thus low to
begin with, they are adequately
protected by a2 ppm tolerance, which
ensures that they will not be exposed to
the unusually high levels of PCB’s found
in someasPecies of fish. The slight
additional protection these average
consumers might gain from a 1 ppm
tolerance does not justify the
significantly greater impact such a
tolerance would have on the availability
of food. On the other hand, atypical
heavy consumers (e.g., the Great Lakes
sport fisher who catches and consumes
large quantities of the contaminated
species) would likely not be adequately
Brotected by even a1 ppm tolerance

ecause of the amount of fish they eat
and because those fish are seldom
affected by FDA tolerances (either
because they are sport fish or are from
intrastate commercial channels and, in
either case, areoutside FDA's
jurisdiction). Protection of these
consumers depends on actions by State
authorities.

Finally, though the new toxicity data
on PCB's clearly support the need to
reduce exposure to this contaminant, the
uncertainties in the data (discussed
above) cast some doubt on the degree to
which consumers are at risk from
extremely low levels of PCB exposure,
and therefore weigh against lowering
thetoleranceto 1 F«:)Pm' If, for example,
more definitive and incriminating data
on the reproductive risks posed by

Though FDA considers 2 ppm to be
the appropriate tolerance level for PCB’s
in fish under the criteriaimposed by
section 406 of the act, the agency is
concerned about the health of certain
groups that may not be adequately
protected by a2 ppm, or even a1l ppm,
tolerance. As noted, sport fishers and
others who consume abnormally large
amounts of the more highly
contaminated species may be at risk
from PCB’s regardless of any tolerance
FDA establishes. (The agency’s risk
assessment, using data from a study of
Lake Michigan sport fish eaters,
estimated that the upper limit on the
lifetime risk of cancer for heavy eaters
of sport fish from Lake Michiganis
about 12 to 14 times greater than the
corresponding risk for heavy eaters of
those commercial fish most affected by
a PCB tolerance, even assuming the
tolerance remained at 5 ppm (Table 6,
Ref. 45).] Those individuals, whose high
exposures to PCB's tend to result from
localized conditions and fishing
practices beyond the control of FDA,
should take steps to reduce their
exposure to PCB'’s. FDA urges State and
local health officials to evaluate the
situation in their own localities and
determine what steps, if any, they can
take to address these special situations.
In the past, some State and local
agencies have made FDA's tolerance
level for PCB’ s applicable to fish in
intrastate commerce and have issued
advisories to sport fishers warning that
consumption of certain species of fish
should be minimized and suggesting
other ways in which PCB exposure
could be reduced. These agencies should
review their past actionsin light of the
current state of knowledge about PCB’s
and make thechanges or take the
additional steps that may now be
appropriate, FDA will cooperate with
these agencies, asit hasin the past, by
providing technical advice and
assistance. FDA is sending lettersto the
governors of States most affected by
PCB’sin fish, discussing the agency's
concerns about aspects of the PCB
problem that may require an up-to-date
review in their States.

The agency is advising that State
health departments be particularly
concerned about women of childbearing

age, especially pregnant and lactating
women, who may have consumed, or are
consuming, higher than normal amounts
of PCB-contaminated fish. Data that
were discussed in the preamble to the
proposal (42 FR 17468-9) suggest an
association between PCB exposure and
reproductive disjunction in rats and
monkeys. They also show acute toxic
effectsin the nursing offspring of
maternal monkeys that had been
exposed to toxic levels of PCB’s. Data
gathered by FDA since it issued the
proposal in 1977, and discussed in the
report on FDA's risk assessment on
PCB'’s (Ref. 45), establish more clearly
the link between PCB exposure and
adverse reproductive effects in the
rhesus monkey. They also confirm the
earlier data showing acute toxic effects
in the nursing offspring of PCB-exposed
maternal monkeys. As explained in the
risk assessment report (Ref. 45), it is not
possible at this time to determine with
confidence the significance of these data
in terms of human risk. There have been
no reports of human reproductive
abnormalities or overt toxic effectsin
nursing human infants that can be
attributed to PCB’s. That fact is of only
limited significance, however, because
epidemiologica studies adequate to
detect such adverse effects in humans
have not been conducted.

An additional reason for concern in
thisareaisthat PCB’singested by
human mothers are found, and to some
extent are concentrated, in human
breast milk (see the discussions in the
preamble to the proposal and in the risk
assessment report (Ref. 45)). Ina recent
nationwide survey, consisting of 1,038
samples of human breast milk collected
in 44 States, the mean concentration of
PCB'’s was estimated to be in the range
of 1.00 to 1.10 ppm (on a fat basis) (Ref.
45). Though the data are scanty, it IS
reasonable to assume that among
women who consume above-average
amounts of PCB-contaminated fish, or
who are exposed to PCB's from other
sources, the levels of PCB’sin breast
milk are significantly higher, As noted it
is not now possible to determine the
significance of these facts in terms of
increased risk to the nursing infant.

In sum, although the agency concludes
that a 2 ppm tolerance for PCB’s
adequatelty ﬁrotects most consumers,
women of childbearing age, especially
pregnant and lactating women, are
among those who should be careful to
avoid abnormally high exposure to
pce’sin fish, They can avoid such
exposure by minimizing consumption of
both commercial and noncommercial
fish from waters known to be
contaminated with PCB's and avoiding
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entirely those species of sport fish
known to contain high levels of PCB’s
(e.g., coho and chinook salmon from the
Great Lakes, and freshwater trout,
striped bass, and catfish from some
locations). State and local governments
have the important role of advising
consumers about conditionsin
particular localities.

The agency is aware that its decision
to set the fish tolerance for PCB’s at 2
ppm, rather than leaving it at 5 ppm or
reducing it further to 1 ppm, is inherently
judgmental in character. Section 406 of
the act provides no formulafor
balancing public health protection
against loss of food, and, hence, thereis
no way for the agency’s decisions under
section 408 to be arrived at
mechanically or quantitatively or to
appear clear-cut in every case. In this
case, for example, forceful arguments
have been made in the comments in
support of both a’5 ppm and a1 ppm
tolerance, but those arguments all reflect
the subjective” judgments of those who
made them. In the end, the agency has
been mandated by the Congress to make
its own informed judgment about what
is necessary to protect the public health.
It has done that herein setting the fish
tolerance at 2 ppm.

The statute provides an opportunity
for apublic hearing on the agency’s
order lowering the PCB tolerance for
fish. Such a hearing would provide
persons adversely affected by the order
an opportunity to present any additional
evidence they may have bearing on the
matters that influenced the agency’s
judgment. As always, the agency is
Prepared to reevaluate its position in

ight of evidence adduced at a hearing.

D. Other Comments on the Fish and
Shellfish Tolerance

In addition to the points addressed
above, the comments raised several
other points relating to the tolerance for
fish and shellfish:

1. One comment recommended that
FDA review its entire mechanism for
handling recurrent problems of
environmental contaminants in fish. The
comment stated that the PCB tolerance
should remain at 5 ppm for marine fish
because the levels in those fish are low
enough that a reduction to 2 ppm would
have no increased protective effect, but
would result in economic problems that
are unnecessary for species with only
occasional high PCB levels. The
comment stated further that tolerances
should be set for freshwater fish based
on their individual place in the market—
their tonnage, distribution patterns, and
consumption patterns. When such
factors combineto present arisk, it was

argued, the tolerance should be applied
ectively to both the species and the
body of water.

The individualized approach to
establishing and enforcing tolerances for
environmental contaminants suggested
by this comment is not feasible because
the necessary species-by-species,
location-by-location data on PCB
occurrence do not exist. Furthermore,
many lots of fish, as currently packaged
and shipped, do not bear the water-of-
origin information required for the
recommended regulatory approach.
These limitations make It necessary for
the agency to establish tolerances for
fish on ageneric basis. Theresultisa
uniform regulatory approach for all
species, which provides clear and fair
rules for all segments of the fishing
industry and is necessary to ensure that
uncertainties and limitations in data will
not result in increasing human exposure
to PCB’s. To the extent that certain
species only occasionally have PCB
levels above 2 ppm, the economic
impact of the reduced tolerance will be
dlight.

2. One comment stated that any FDA
regulatory action regarding PCB’sin fish
should apply to sport fish aswell as
commercial fish.

FDA'’ s regulatory authority extends
only to foods shipped in interstate
commerce and clearly does not extend
to fish caught and consumed by
individual sport fishers. FDA cooperates
with the State agencies who have
authority over sport fishing by sharing
data and views regarding toxicological,
analytical, and compliance matters, but
FDA has no direct control over the
regulatory approaches adopted by the
States. As noted, however, the agency
urges State and |ocal health officials to
look closely at the PCB problem in their
areas and take whatever steps they find
necessary to address those aspects of
the PCB problem, such as the exposure
of sport fishers, that are beyond FDA's
authority.

3. One comment requested
reconsideration of the proposal to
reduce the fish tolerance on the ground
that overall ingestion of PCB’sis
reportedly declining. Because levelsin
other foods have already decreased
considerably, it was argued, there is less
need to lower the fish tolerance,

The agency is aware that PCB levels
in foods other than fish have declined
and that overall PCB intake is lower
than it wasin 1973, when the original
temporary tolerances were established.
However, as discussed in the preamble
to the proposal and in section |1 of this
preamble, toxicological considerations
now make it desirable to reduce dietary

exposure to PCB’s even further.
Reduction of the tolerance for PCB’sin
fish will bean especiall¥]effective step
toward accomplishing that goal, because
fish are the one remaining significant
source of dietary exposure to PCB's.

4. One comment contended that fish
products are being subjected to an
entirely different regulatory standard
than are poultry products, with no
reasonable basis for the different
treatment. The comment stated that the
emphasis in establishing 2 ppm as the
tolerance for fish appears to have been
safety to the consumer despite a
considerable economic impact. Yet, it
argued, the higher level of 3 ppm for
poultry is based on economic
considerations relating to feed
contamination, apparently without
public health considerations. The
comment went on to state that the
average per capita consumption of fish
is 19 grams (g) per day compared to 63 g
per day for poultry products. According
to the comment, this means that under
the proposed tolerances, and assuming
maximum permissible levelsin al foods,
the average person will receive five
times as much PCB’s from poultry as
from fish.

The agency does not agree with the
comment’ s contention that the
considerations involved in establishing
the tolerances for poultry and fish result
in different or conflicting regulatory
approaches for these products, First, the
3 ppm tolerance for poultry is based on
PCB residuesin the fat of the bird, not in
all the edibletissue asit isfor fish,
Poultry generally averages about 10
percent fat; hence, the 3 ppm tolerance
Is comparable to alevel of about 0.3
ppm for the entire edible portion. Thus,
even taking into account the higher
average level of chicken consumption
and assuming all foods contain
maximum permissible amounts of PCB’s,

oultry will actually be regulated at a
evel that will result in a substantially
lower intake of PCB’s from poultry than
from fish. Second, data show that
detectable PCB residues occur so
infrequently in poultry that exposure to
PCB’s from that source is already at an
insignificant level. Hence, further
reduction of that tolerance would not
significantly reduce dietary exposure to
PCB’s and would not enhance protection
of the public health, Fish data, on the
other hand, show frequent occurrence of
PCB residues at significant levels, so
that reduction of the tolerance will
result in increased protection for
consumers of fish.

As explained in the preamble to the
proposal (42 FR 17491-2), the agency
selected 3 ppm (fat basis) as the
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tolerance for PCB’sin poultry to allow
for the regular use of poultry feed
contaminated up to, but not exceeding,
the 0.2 ppm tolerance for PCB’s in
poultry feed. (0.2 ppm is the lowest
feasible tolerance for PCB’s in poultry
feed because of limitations on analytical
cap ability.) The 3 ppm level took into
account the biomagnification of PCB’sin
poultry that results from regular feeding
with poultry feed contaminated up to,
but not above, 0.2 ppm. The agency
reasoned that it would be inconsistent
to set tolerances on two products at
levels such that the use of one product
that complies with the applicable
tolerance causes the second product to
beillega and, thus, that it would be
inappropriate to do so in the absence of
other overriding considerations [e.g.,
safety). For the reasons stated in the
preceding paragraph, the 3 ppm
tolerance for poultry adequately
protects the public health and is thus
consistent as a matter of public health
protection with FDA’s other tolerances
for PCB’s.

5. One comment stated that any
decision to lower the fish tolerance
made in reliance on the regulation of
point source discharges and
manufacture of PCB’s should not fail to
consider the fact that PCB levels in
contaminated waters are not expected
to decline for many years.

The agency is aware that, despite
Environmental Protection Agency
(EPA) antipollution activities and the
resulting gradual decline in PCB levels
in at least some contaminated waters,
there will continue to be a significant
occurrence of PCB’sin fish for at least
the next several years because of the
stability and persistence of the PCB’s
now contaminating the environment.
That fact was taken into account in
deciding to reduce the tolerances.

6. One comment stated that, because
pollution of water with PCB’sis
expected to continue, PCB levelsin fish
will continue to rise, and susceptible
fish should be harvested now before the
increased contamination makes them all
inedible.

Although the levels of PCB'’s in waters
currently contaminated may not
decrease substantialy in the near
future, the agency does not expect those
levels to increase, nor does it expect the
levels of PCB’sin fish to increase. Better
control of PCB levels should result from
efforts by the EPA and industry to
control discharge of additional PCB’s
into the environment. Hence, even if it
were possible to harvest whole species
of fish now, that step would not have
the effect of preventing increased future
exposure to PCB’s. Finally, FDA has no

authority to regulate the pace at which
particular species Of fish are exploited
commercially.

7. Several comments stated that the
decision to reduce the tolerance for fish
should be reconsidered and the current
5 ppm level reaffirmed because PCB’s
are being steadily eliminated from the
environment and may be expected to
disappear as a significant problem
within the next decade.

The agency does not agree that PCB's
can be expected to be an insignificant
problem within 10 years. Although
EPA’s continuing activities have
resulted in a significant decrease in the
amount of PCB’s being introduced into
the environment especially into water,
the stability and persistence of these
chemicals and the likelihood that some
amount of additional contamination will
continue to occur from waste disposal
sites ensures that PCB contamination
will remain a problem for the
foreseeable future. Moreover, that PCB
levels are declining (i.e., that PCB’s are
becoming more avoidable) is a reason to
consider lowering the tolerance. not a
justification for leaving it unchanged.

8. One comment argued that the
decision to reduce the fish tolerance
should be reconsidered because by
lowering the fish tolerance, thereby
preventing consumption of
contaminated fish, some might be led to
believe that the problem of exposure to
PCB’s had been solved. This
misconception could in turn reduce the
pressure to attack the real problem—
pollution, However, the comment
argued, if the environmental
contamination itself is viewed as the
“real” PCB problem of importance,
changing the fish tolerance is almost
irrelevant, given the small quantity of
PCB's affected.

PCB contamination of the
environment is itself an important part
of the PCB problem because, as
discussed in the preamble to the
proposal (42 FR 17469-90), some human
exposure to PCB’s comes from the air
and water, though the amount is
probably minimal. EPA is addressing
that part of the problem. However, FDA
disagrees with the view that exposure to
PCB’s from dietary sourcesis
insignificant in comparison to the
amount of exposure from the air and
water. The agency has based the
proposed tolerance reductions on its
conclusion that dietary exposures to
PCB’s pose significant risks to
consumers, which can be reduced by
reducing exposure. That thereis some
exposure to PCB’ s from other sourcesis
not a good reason for withholding action

that can significantly reduce dietary
exposure.

9. Two comments requested FDA to
hold a public hearing before finalizing
reduction of the fish tolerance.

The agency does not consider a public
hearing on the fish tolerance to be
necessary or appropriate at thistime.
Tolerances are established under
section 406 of the act under the formal
rulemaking procedures set forth in
section 701(e) of the act (21 U.S.C.
371{e]). Under those procedures, any
person adversely affected by this order
may file objection within 30 days and
request an evidentiary hearing on the
issues raised by those objections. The
opportunity for a hearing ensures that

| genuine, material issues relating to
the PCB tolerances will be fully aired.
Holding a hearing before issuing this
order would only duplicate the
opportunity for a public hearing aready
available in formal rulemaking and
unnecessarily delay the proceedings.

10. One comment stated that the 5
ppm tolerance for PCB’s in fish should
be retained but requested that FDA
provide guidance to State agencies
regarding use or implementation of the 2
ppm tolerance if it is adopted.

As noted, FDA provides data and
views to the States on a range of matters
related to implementation of tolerances
for PCB’sin food and will continue to do
SO.

11. One comment asked Whether
procedures other than reducing the fish
tolerance have been evaluated as
alternative means of reducing intake of
PCB-contaminated fish.

The agency has considered the use of
general public warnings and/or labeling
as ways to limit consumption of
contaminated fish. Such approaches
have been rejected, except as they apply
to certain heavy consumers of
contaminated sport fish (discussed
above]. A public warningabout fish
generally, or even about particular
species of fish, would not be effectivein
protecting the general public from
commercial fish because, assuming no
changes are made in labeling,
consumers have no way to determine
the species or waters of origin of most
commercially prepared fish products. In
addition, general public warnings might
unduly discourage consumption of fish,
most of which is safe to eat and
nutritious. Similarly, the requirement of
warning labels on fish productsin lieu of
atolerance, even on a species-specific
basis, is not a sufficientl, precise
regulatory approach because not al fish
from even the most heavily
contaminated species contain levels of
PCB’s above the 2 ppm tolerance level.
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Thus, aswith general public warnings,
warning statements on labels are likely
to discourage consumption of safe fish.

12. Some comments contended that
most Americans would probably prefer
to be warned of the potential danger
from PCB residues and retain the option
of eating freshwater fish, rather than be
deprived of any choice in the matter by
having the fish removed from the
market.

The agency acknowledges that some
people would probably prefer to be left
with the choice of whether to consume
fish contaminated with PCB’s above the
2 ppm level. As noted, however, the
consumer of commercially marketed fish
generally lacks the information on
water-of-origin, size, and sometimes
even species that is needed to control
his or her intake of PCB’s. Under these
circumstances, there is no genuine
opportunity to exercise informed choice.

oreover, the agency believes that as a
general matter it is obligated under
section 406 of the act to exercise its
scientific judgment and determine what
level of exposure, and thus what
tolerance level, will provide an
adequate degree of public health
protection,

13. One comment referred to the
agency's decision not to reduce the
temporary tolerances for infant and
junior foods and for animal feeds on the
ground that the current tolerances are
“at the lowest level at which PCB’s can
be reliably determined for enforcement
purposes” and argued that lowering the
tolerance for fish would probably create
much greater economic hardship than
would developing and using more
sensitive analytical methods so that
other tolerances could be lowered,

The agency acknowledges that the
fish losses resulting froma 2 ppm fish
tolerance would probably be greater
than the costs of developing and using
the more sensitive enforcement analyses
that would be necessary for a reduction
of the other tolerances. The occurrence
of PCB residues in infant and junior
foods and animal feeds is now so
infrequent, however, that those foods do
not contribute significantly to dietary
exposure to PCB’s. Thus, spending the
resources to develop more sensitive
methodology and thereafter reducing the
tolerances for these foods would not
significantly increase the protection of
consumers, and it still would be
necessary to reduce the fish tolerance,
Because PCB'’s do occur consistently at
significant levels in some fish, the
reduction of the fish tolerance can
provide increased protection for
consumers.

14. Some comments included requests
for compensation for commercia fishers
and processors whose livelihoods are
destroyed by reduction of the fish
tolerance. One comment asked, in effect,
that the effective date of the tolerance
reduction be delayed for 10 years so
fishers would have time to adjust
economically.

For reasons discussed earlier in this
document, the agency considers it
unlikely that the reduction of the fish
tolerance to 2 ppm will have the dire
consequences on which these comments
are premised. Moreover, FDA has
neither the authority nor the resources
to provide compensation for economic
losses that might be suffered as a result
of regulatory actionsit takes. The
proposed 10-year postponement of the
effective date would be inconsistent
with the agency’s conclusion that a
reduction of the tolerance is necessary to
protect the public health.

15. A number of comments were
concerned that if the 2 ppm tolerance for
fishis adopted, FDA will close certain
waters to fishing or prohibit fishing of
certain affected speciesin certain
waters. They requested that more
studies be carried out before
determining whether such steps should
be taken.

The concern underlying these
comments is misdirected, FDA does not
have authority either to close watersto
fishing or to Prohibit harvesting or
possession of fish. Any actionsto close
waters to fishing would have to be
instituted by State agencies.

16. One comment suggested that if the
2 Ppm tolerance is adopted, the counties
affected should be allowed to conduct
more comprehensive testing of residue
levels in the fish before any ban or
impoundment of fish in interstate
commerce isimposed.

In enforcing the fish tolerance, FDA
will sample and analyze individual lots
of fish in interstate commerce and take
regulatory action against lots, or the
shippers of lots, that exceed the
tolerance, Thereis nothing to prohibit
any interested party, including local and
State authorities, from conducting
comprehensive testing of fish before
shipment in interstate commerce and
from withholding from commerce fish
that exceed the tolerance.

17, One comment suggested that the
Proposed 2 ppm tolerance for PCB’sin

ish isinadequate for protection of
public health, The comment stated that
the tolerance levels must be based on
the “no-effect” level observed in-the
most sensitive animal species for which
toxicological data are available, and it
suggested that the rhesus monkey is

more sensitive to PCB’s than the dog or
rat.

This comment is based on an
apparent misunderstanding of the
toxicological rationale underlying the 2
ppm fish tolerance. In evaluating the
safety of substances in food, FDA
ordinarily attempts to determine the
“no-effect” level for the substance, i.e.,
the highest level of exposure at which
no adverse effect is observed in
appropriate animal studies, It then uses
appropriate safety factors to extrapolate
the results of the animal studies to the
human situation and determine safe
levels of human exposure. In this case,
however, the reduction of the fish
tolerance is not based on any “no-
affect” level, It isbased instead on a
body of data that associate PCB
exposure with several serious chronic
effects but that do not permit the
establishment of “no-effect” levelsfor
those effects, Thus, the comment’s
argument that one species is more
sensitive to PCB's than another and that
the tolerance should be based on the
“no-effect” level observed in the most
sensitive animal species is not relevant
to the toxicological rationale the agency
relies on for reducing the PCB tolerance
to 2 ppm.

18. One comment disagreed with the
proposal to establish a 2 ppm tolerance
for fish instead of a1 ppm tolerance.
One ppm isthe lowest level of PCB
residuesin fish for which thereis
analytical methodology suitable for
enforcement purposes. The comment
stated that toxicological information,
especially that suggesting the
carcinogenicity if PCB’s coupled with
the presence of PCB residues in human
milk, requires the lowest possible
tolerance.

With respect to the carcinogenic
potential of PCB’s, NCI has concluded
that PCB’s (specifically, Aroclor 1254,
the commercial PCB most similar
chemically to the PCB residues in fish)
are not carcinogenic in Fischer 344 rats
under the conditions of the bioassay
(Ref. 47). After thoroughly reviewing
NCI’s report, the Data Evaluation/Risk
Assessment Subgroup of the
Clearinghouse on Environmental
Carcinogens accepted the report’s
conclusion that PCB’s were not
demonstrated to be carcinogenic in that
study, but suggested that PCB’ s might
act as a tumor promoter. For the reasons
discussed in the preamble to the
proposal (42 FR 17489), FDA considers
the question of the carcinogenicity of the
PCB’s unresolved. For the purposes of its
risk assessment on PCB's (Ref. 44),
however, the agency treated the various
PCB’s as though they were carcinogenic,
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and it considers the carcinogenicity of
PCB’s to be a matter worthy of further
serious inquiry.

The agency has long been concerned
with the exposure of nursing infants to
PCB’s in human breast milk. This, too, iS
an area in which more must be learned
before definitive statements can be
made about the incremental risks posed
by this particular avenue of exposure.
For reasons discussed earlier in this
document, however, the agency
considers a 2 pﬁm tolerance adeguate to
protect all but those who consume
above-average amounts of the more
heavily contaminated species.

111. Response to Comments on Other
Aspects of PCB’s

Following are the agency’ s responses
to the comments that did not specifically
address the reduction of the fish
tolerance:

1. Some comments recommended that
the government regulate PCB’s only in
the environment rather than in fool
products. Another comment suggested
that the limits on PCB’s in foods not be
reduced until PCB levels have been
reduced in the environment, where the
foods are produced.

EPA has the authority to control
environmental pollution and has already
taken important steps to prevent further
pollution by PCB’s. Some environmental
contamination with PCB’s already
exists, however, and will undoubtedly
persist for some years. FDA would be
failing in its duty to protect the public
health if it withheld the actions
necessary to minimize human exposure
to PCB’ s from dietary sources until the
long-term problem of environmental
contamination has been solved.

2. One comment asserted that the
primary toxicological basis upon which
FDA established the temporary
tolerances for PCB’sin 1973 (38 FR
18096) consisted of two long-terms
feeding studies in rats and dogs that
were performed by the same testing
laboratory and that demonstrated a“no-
effect” level for PCB’s at 10 ppm. This
comment a so suggested that these same
two studies serve as the primary basis
for the current proposal to reduce those
origina temporary tolerances: The
comment stated that discrepancies and
inconsistencies have recently been
found in these two feeding studies, as
well asin other unrelated studies from
the same testing laboratory, which
would indicate that toxic effects might
actually have been produced in both
rats and dogs, at dietary levels aslow as
1 ppm. The comment requests that FDA
extend its audit of the testing laboratory
in question to include areview of the

data obtained in the two toxicity tests of
PCB’sin rats and dogs. The comment
suggested that FDA reconsider the
proposed temporary tolerances on the
basis of areevaluation of the data from
the two long-term studies and, if judged
necessary, propose new tolerances or
reopen the matter for public comment.

Though the data from the two long-
term toxicity studies of PCB’sin rats and
dogs referred to in the comment were
considered, the human toxicological
data formed the primary basis for
developing the original temporary
tolerances for PCB’s. This fact was
stated in the July 6, 1973 document
establishing the tolerances and in the
preamble to the April 1,1977 proposal to
reduce some of the tolerances.

The agency is aware that doubt has
been cast on the validity of the two
long-term toxicity tests of PCB’sin rats
and dogs referred to in the comment, as
well as on the validity of numerous
unrelated toxicity tests performed by the
laboratory facility in question (Ref. 48).
Therefore, the results from these two
tests are no longer considered worthy of
reliance and, as explained earlier in this
document, these studies played no part
in the agency’ s decision to lower the
PCB tolerances.

3. One comment asserted that the
agency’s statement in the preamble to
the proposal that it was unaware of any
consumers who had suffered deleterious
effects caused by PCB ingestion (42 FR
17491) ismisleading, in that the
statement actually reflects alack of
knowledge rather than awareness of the
results of properly designed
epidemiological studies.

In making this statement the agency
relied on, the results of an
epidemiologica study carried out with
sport fishersin Michigan that failed to
establish a correlation in humans
between the ingestion of PCB’s and the
occurrence of deleterious effects (Ref.
40). The study is discussed in the
preamble to the proposal (42 FR 17492-
3). The only purpose of the statement
was to cite an instance in which
relatively high exposure to PCB’sin fish
had not resulted in overt, acute toxic
effects, such as occurred in the Y usho
incident in Japan (42 FR 17488). The
Michigan example was intended to
illustrate the observation the agency
made in the preamble to the proposal
that theamount of PCB’sin
environmental samples required to
cause Y usho-type effectsis not known.
This study has no direct bearing on the
agency’s conclusion that the chronic
effects of PCB’s require areduction of
the tolerances,

4. One comment opposed reduction of
the temporary tolerance for PCB’sin
eggs on the ground that there are no
substantial data that suggest that the
current temporary tolerance is not
sufficient to protect consumers of eggs.
The comment contends that lacking such
evidence, there is not justification for
reducing the tolerance.

The agency acknowledges that the
data indicate that eggs do not contribute
measurably to dietary PCB exposure
and that reduction of the egg tolerance
will not significantly affect PCB intakes.
However, tolerances established under
section 406 of the act are intended to
permit only those residues that are
unavoidable. Because the available data
indicate that residues above the
analytical limitsin eggs are avoidable
and because no evidence was presented
to the contrary, it is appropriate to
reduce the temporary tolerance for
PCB’s in eggs as proposed.

5. One comment requested that the
temporary tolerances for PCB’sin
animal feed be reduced, but it did not
present arationale to justify reduction.

The presence of PCB’sin animal feed
is of concern because PCB’ s transfer and
accumulate in human food products
derived from animals that consume
contaminated feed. The tolerance for
finished animal feed is currently set at
0.2 ppm—the lowest level at which
avallable analytical methodology can
measure PCB’s in animal feed for
enforcement purposes. It would serve no
useful purpose to reduce the tolerance
below this level in the absence of
analytical methodology for enforcing a
reduced tolerance. Moreover, in light of
the rare occurrence of PCB’sin animal
feeds, the agency considerstheo.2 ppm
level to provide an adequate degree of
public health protection, For these
reasons, the agency declines to reduce
the tolerance for PCB’sin finished
animal feed.

IV. “Temporary” Status of the
Tolerances

As currently codified in§ 109.30, the
tolerances for PCB’s are designated as
“temporary,” The term “temporary” was
used to reflect the fact that the
tolerances are subject to revision as
new data become available. In the
preamble to the proposal for reducing
the tolerances, the agency stated that it
would retain the “temporary”
designation because of the possi bilitK
that further downward revisions of the
tolerances might be necessary (42 rr
17493). The agency has NOW
reconsidered this use of the term
“temporary” and has decided to
abandon it. The term has never had any
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legal significance as applied to
tolerances established under section 406
of the act, and its use is not provided for
in FDA’s procedura regulations
governing tolerance setting in Part 109
(21 CFR Part 109). When circumstances
are changing so rapidly that a particular
tolerance level is likely to be rendered
inappropriate in the near future, the
agency establishes an action level rather
than a tolerance (see § 109.6(c) (21 CFR
109.6(c))). In the case of PCB’s, however,
the agency has concluded that formal
tolerances are appropriate. The term
“temporary” is being abandoned to
avoid the suggestion that the legal status
of the PCB tolerances is something other
than that of a formal section 406
tolerance.

Any FDA tolerance, just like any other
regulation, is “temporary” in the sense
that it is subject to reevaluation and, if
necessary, revision as new data become
available. The agency will continue to
monitor the PCB problem and, if
appropriate in light of changing
circumstances or new data, will propose
revisions in the PCB tolerances.

V. Analytica Methodology

Section 109.30(b) has been revised to
refer to FDA’s updated compilation of
analytical methodology for PCB’s
“Analytical Methodology for
Polychlorinated Biphenyls, June 1979.”
There have been improvements in the
analytical methodology for measuring
PCB residues since 1973, and most of the
revised procedures have now been
published in scientific journals. A copy
of each procedure or a reference to the
appropriate journa is provided in the
updated compilation. As stated in
§ 109.30(b), the compilation is available
from the Hearing Clerk, Food and Drug
Administration, Room 4-65, 5600 Fishers
Lane, Rockville, MD 20857.

V1. References

The preamble to the proposal cited 42
references the agency relied on in
developing the proposal and stated that
those reference documents had been
placed on file with the Hearing Clerk,
FDA (42 FR 17493-4). The following
additional references, which are cited in
the foregoing preamble, have aso been
placed on file with the Hearing Clerk,
FDA, Rm. 4-85, 5800 Fishers Lane,
Rockville, MD 20857, and may be seen
between 9 am. and 4 p.m., Monday
through Friday.

43. DuBois, K. P.and E. M. K. Ceiling,
“Textbook of Toxicology,” Oxford
University Press, 1959, pp. 24-28.

44. Ariens, E. J., A. M. Simonis, and J.
Offermeier, ‘* Introduction to General

Toxicology,” Academic Press, 1976, pp.
124-31.

45. An Assessment of Risk Associated with
the Human Consumption of Some Species
of Fish Contaminated with Polychlorinated
Biphenyls (PCB's), 1979, FDA document.

46. Regulatory Analysis for Fina Regulation
for Reduction of Temporary Tolerances for
Polychlorinated Biphenyls in Food, 1978,
FDA document,

47. National Cancer Institute Carcinogenesis
Technical Report Series No. 38, 1978.

48. Letter from Donald Kennedy,
Commissioner of Food and Drugs, to
various clients of Industrial Bio-Test
Laboratories, Inc., June 1977.

Therefore, under the Federal Food,
Drug, and Cosmetic Act (sees. 306,
402(a), 406, 701(a), 701(e), 52 Stat. 1045-
1046 as amended, 1049 as amended,
1055, 70 Stat. 919 as amended (21 U.S.C.
336, 342(a), 346, 371(a), 371(e))} and
under authority delegated to the
Commissioner of Food and Drugs (21
CFR 5,1), Part 109 is amended in $109,30
by revising the section heading and
paragraphs (a)(1), (2), (3). (4), and (7] and
(b) to read as follows:

$109.30 Toterances for polychlorinated
biphenyis (PCs’S).

(@ oo

(1)1.5 parts per million in milk (fat
basis).

(2) 1.5 parts per million in
manufactured dairy products [fat basis).
(3) 3 parts per million in poultry (fat

basis).
(4)*0.3 piart per milli*on in eggs.

(7) 2 parts per million in fish and
shellfish (edible portion), The edible
portion of fish excludes head, scales,
viscera; and inedible bones.

(b) For determining compliance with
the tolerances established in this
section, a compilation entitled
“Analytical Methodology for
Polychlorinated Biphenyls, June 1979" is
available from the Hearing Clerk, Food
and Drug Administration, Department of
Health, Education, and Welfare, Room
-85, 5600 Fishers Lane, Rockville, MD
20857,
. * *

Any person who will be adversely
affected by the foregoing regulation may
at any time on or before July 30, 1979,
submit to the Hearing Clerk (HFA-305),
Food and Drug Administration, Rm. 4-
65, 5600 Fishers Lane, Rockville, MD
20857, written objections thereto and
may make a written request for a public
hearing on the stated objections. Each
objection shall be separately numbered
and each numbered objection shall
specify with particularity the provision
of the regulation to which objection is

made. Each numbered objection on
which a hearing is requested shall
specifically so state; failure to request a
hearing for any particular objection
shall constitute a waiver of the right to a
hearing on that objection. Each
numbered objection for which a hearing
is requested shall include a detailed
description and analysis of the specific
factual information intended to be
presented in support of the objection in
the event that a hearing is held; failure
to include such a description and
anaysis for any particular objection
shall constitute a waiver of the right to a
hearing on the objection. Four copies of
al documents shall be submitted and
shall be identified with the Hearing
Clerk docket number found in brackets
in the heading of this regulation,
Received objections may be seen in the
above office between the hours of 9 am.
and 4 p.m., Monday through Friday.

Effective date. This regulation will
become effective for foods initialy
introduced into interstate commerce
after August 28, 1979 except as to any
provisions that may be stayed by the
filing of proper objections. Notice of the
filing of objections or lack thereof will
be announced in the Federal Register,
[Sees. 306, 402(a), 408, 701(a), 701(€), 52 Stall
1045-1046 as amended, 1049 as amended,
1055, 70 Stat. 919 (21 U.S.C. 336, 342(a), 346,
371(a), 371(e)])

Dated: June 26, 1979.
Donald Kennedy,
Commissioner of Food and Drugs.
[FR Dec. 79-20268 Filed 6-28-79; 8:45 am|
BILLING CODE 411 0-03-M
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Methods for Toxicologic Testing *

by SRI international

METHODS FOR TOXICOLOGIC TESTING

In evaluating substances for their toxicologic
effects. several essentials must be a part of each
test protocol so that the toxicologic profile is as
accurate as possible within the limitations of each
test. This is true whether the test material is used
for in vitro assays or administered in vivo by in-
halation, gavage, dietary, dermal, subcutaneous,
inlravenous, or any other route o experimental
animals. Both the testing and subsequent evalua-
tion of data must be done under the direction of
individuals having the necessary education, train-
ing, and experience to conduct the testing and in-
terpretation of results in accordance with sound
scientific principles and good laboratory prac-
tices. These principles and practices have been
addressed and elaborated on in the FDA proposed
guidelines (1) for ""Good Laboratory Practices in
Non-Clinical Laboratory Studies.” It is important
to realize that, at present, extrapolations from
animal test systems to humans to predict effects
of exposure to hazardous materials can be made
only tentatively.

The data used for the evaluation of potential
risk should be derived from tests conducted with
the form of the toxicant that poses the health
hazard. In some cases, this will be the technical
grade of the active ingredient. In other cases, it
could be the manufactured end product, the pure
grade of the material, an inert ingredient of the
test substance, or a metabolite or degradation
product of the substance so that the study can be
completed using the same lot sample. Within the
limits of analytical detectability, the chemical
composition of the test material must be deter-

H 1 If tha tnot anhotr 3 3
mined. If the test substance is to be mi,"((}d with

the diet or another vehicle, the concentration and
homogeneity must be ascertained prior to begin-
ning the study. During the course of the invesliga-
tion, random samples should be taken to ensure

*Excerpt from OTA Working Paper entitled "Assessment of
Methods for Regulating "Unavoidable’ Contaminants in the
Food Supply.” A complete copy of the paper can be obtained
from the National Technical Information Service. (See app. J.)

that the required concentration of the substance
is maintained.

Healthy animals must be used and maintained
under conditions conforming to good husbandry
practices (1). Animals must be assigned to test
groups in a way that minimizes bias and assures
that the number of animals in each dose group
and the number of dose groups are sufficient to
vield statistically valid results. The animals used
in the study should be of uniform weight and age
and should be an adequate representation of the
sex, species, and strain under consideration. In
addition to the treated groups, negative control
groups (both historic and concurrent) meeting the
above specifications must also be used to eval-
uate any toxic manifestations that may have oc-
curred independent of the test substance. In cer-
tain situations, positive control groups may be re-
quired. This is particularly necessary for many
short-term in vitro assays. Concurrent controls
must be handled in the same way as the treated
animals so that the treated and control groups
will be validly comparable. Control groups take on
added importance if a carrier is used in adminis-
tering the test material to confirm that the carrier
selected for use is nontoxic, induces no independ-
ent physiological effects, and does not change the
chemical characteristics or toxicity of the test
material.

Toxicology testing methods can be categorized
by duration and endpoint. Short-term tests are
usually considered to require 90 days or less for
data gathering. These may include simple tests,
such as 2-hour LD50 range finding, or more com-
plex ones, such as 90-day continuous exposure or
paired feeding studies. Tests requiring more than
90 days, such as lifetime exposure studies, are
generally considered long-term tests. In addition
to the time necessary for exposure and data gath-
ering, analysis of the results may take up to an ad-
ditional year depending on the complexity of the
experiment, the number of animals used in the ex-
periment. and the volume of data collected. Meth-
ods may also be categorized by endpoint. In this

137
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scheme, experiments are designed and data are
collected based on expected results such as func-
tional systemic changes, teratogenicity, or car-
cinogenicity. By the use of an appropriate experi-
mental design, several endpoints can be assessed
in the same experimental period such as is done
in FDA’s three-generation studies (2).

For ease of presentation, this appendix has
been subdivided by endpoint into sections on Sys-
temic Toxicity, Carcinogenicity, Mutagenicity,
Teratology and Effects on Reproduction, Metabo-
lism, and Structure-Activity Relationships. This
appendix is not intended as an exhaustive survey
of al testing methods used, but is meant to give an
overview of those methods most commonly used
today by toxicologists.

Local and Systemic Toxicity

Some of the fastest and simplest methods for
determining the toxicities of substances involve
the observation of changes in the structure and
function of organs and organ systems. These
methods generally involve absolute and relative
weight changes, gross and microscopic structural
alterations, and primary and secondary tests for
organ, system, or whole anima function. With ad-
vances in the chemical, physiological, and behav-
ioral sciences, modifications for testing systemic
toxicity have been proposed that make these pro-
cedures more sophisticated and relatively compli-
cated. Several good texts are available which re-
view systemic toxicity [3,4).

Range Finding

The classic determinations of toxicity involve
percent lethal or effective dose, concentration, or
time. These tests may employ any route of expo-
sure, the ones chosen usually being based on fac-
tors such as chemical and physical properties of
the agent and potential routes of exposure from
the environment. The results obtained from these
determinations are usually specific for the spe-
cies, sex, age, and condition of the organism, and
for the route of exposure and environmental con-
ditions before, during, and after exposure. The
endpoints of these tests may be either structural
or functional changes, but they are usually lim-
ited to gross effects such as death or narcosis.
These tests are primarily used to determine rela-
tive toxicities of various agents and for range
finding for maximum tolerated dosage prelimi-
nary to beginning a subacute study. They are not
usually used to directly evaluate the hazard.

In general, these tests will employ young adult
rats and another mammalian nonrodent species.

Selection of this other species . should con-
sider such factors as comparative metabolism of
the chemical and species sensitivity to the toxic
effects of the test substance . . . .“(I) The route of
administration chosen is that most nearly iden-
tical to the potential human exposure. Doses are
usually chosen to give results in the 20- to 80-
percent lethal or effective range and are usually
separated by 0.5 log units (5). Many modifications
of this basic procedure are accepted.

Irritation

The irritation potential of substances is tested
by observation of the reflex behavior of the ani-
mal and by direct observation of the site of con-
tact with the agent, Attempts to quantitate reflex
behavioral responses, i.e., eye rubbing, regurgita-
tion, or shallow breathing, have met with little
success. The simplest protocols for evaluating ir-
ritation involve the skin and eyes. Semiquantita-
tive systems for scoring skin and eye irritation
have been proposed by severa authors (6-12) and
involve placing the suspected irritant in contact
with the skin or eye of New Zealand White rab-
bits. Protocols for skin irritation involve contact
with both intact and abraded skin to differentiate
the agent's ability to penetrate the skin barrier,
and occlusion of the contact site to maximize the
response. The severity of erythema and edema is
scored as the endpoint. Eye irritation studies are
carried out without washing and with washing at
various intervals to determine the effectiveness of
removal of the agent to reducing the adverse ef-
fect, Opacity, area affected, iris reaction to light,
hemorrhage, swelling, and discharge are scored.
Results from these tests can vary greatly depend-
ing on the method of application of the substance,
whether dry or premoistened, etc.

Other potential sites of irritation such as the
Sensory nerves, respiratory system, urinary sys-
tem, and gastrointestinal tract are usually evalu-
ated secondarily or through necropsy. Secondary
effects include shallow breathing, regurgitation,
agitation on urination, and eye rubbing, which
are broadly categorized as reflex behavior, and
blood in feces, urine, and sputum, or nasal dis-
charge, which are more indicative of the primary
irritant effect. These results are not quantifiable
by present methodologies. Primary evaluation
through necropsy is also a qualitative procedure
and has not undergone the extent of standardiza-
tion and validation that the skin and eye tests
have. Other methods for testing irritation such as
resistance/compliance tests of the pulmonary sys-
tem, direct observation by scope of the esophagus
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and gastrointestinal tract, and roentgenographic
examination with and without radio-opaque dyes,
have not received wide use as testing techniques
for Government regulatory purposes.

Sensitization

Some substances, although not necessarily pri-
mary irritants, elicit an irritant-type response
after repeated contact with the organism. Tests
for this sensitization potential involve exposing
the anima to an agent at doses below those neces-
sary to produce signs of primary irritation, wait-
ing an appropriate interval, and then challenging
the animal with the substance again at a different
site (11). If the response on retest is substantially
higher than the initial response, the agent can be
classified as a sensitizer. Various test methods
and modifications have been proposed for testing
sensitizing potential (11, 13-21). Perhaps the most
common direct test for sensitization is the guinea
pig maximization test. In this test, the agent is
presented in Freund’s complete adjuvant which
increases the response. Studies on the mechanism
of sensitization have shown that the agent or a
metabolize of it (antigen) may induce the lym-
phocytes of the body to form a complex molecule
(antibody) which reacts with the antigen to form
an antigen-antibody complex. This reaction may
be with circulating free antibody or with lympho-
cyte-bound antibody, The formation of the
antigen-antibody complex induces the production
and release of histamine and other compounds
which cause the erythema and edema at the site
of antigen attack, or may cause anaphylaxis if the
antigen reaches the blood stream (22,23). The
problem with testing methods based on this
mechanism, such as immunoelectrophoresis,
radioimmunoassay, ring test, hemagglutination
tests, or microphage migration, is that they do not
measure the actual adverse effect [dermatitis or
shock) but measure an indicator response. The
methods are valuable, however, in demonstrating
the presence of antibody capable of producing
these health effects. Several comparative tests
have demonstrated that these in vitro techniques
are often more sensitive indicators of the hazard
than the classic in vivo ones (22,23).

Structural Effects

The basic determination of structural effects
on organs and systems begins with the determina-
tion of absolute and relative weight changes.
Decreases in absolute body weight or rates of
weight gain for a test with a substance incorpo-
rated into the food or water may show either that

the agent is unpalatable or that it is interfering
with the energy balance, the central nervous sys-
tem (CNS) regulation of food or water consump-
tion, or the motivation of the animal. Although
substances administered by other routes of expo-
sure may also interfere with palatability of food,
through direct or indirect effects on the sensory
nerves, this is less common. Increases in weight
may be caused by a proliferating tumor mass. The
evaluations of structural changes can be obtained
from animals exposed during subacute experi-
ments.

In general, subchronic or subacute experi-
ments are designed to last approximately 10 per-
cent of the animals lifespan (90 days for rats). Im-
mediately preceding and during the experimental
period, observations on animals should include
rate of growth, food and water consumption, de-
meanor, and reflex behavior; blood, urine, and
feces should be collected. During the experimen-
tal period, tissue biopsies may be taken for obser-
vation of structural changes. These techniques
may be unreliable, however, if a structural
change is localized and not included in the biopsy
material, and such manipulation is often not
allowed by regulatory testing guidelines. If biop-
sies are done, additional animals are required to
maintain the statistical validity of the experiment.
At the end of the experimental period, the animas
are sacrificed and the organs are inspected for
gross changes, removed and weighed, and pre-
served for histologic treatment and microscopic
examination (5). The specific organs and tissues
removed and examined will depend somewhat on
the expected action of the agent administered
(usually perceived from preliminary testing) but
should include at least the brain, liver, kidneys,
spleen, heart, testes (and epididymis) or ovaries
(and uterus), thyroid, and adrenals.

Changes in organ weights may signal a func-
tional change in this organ or in other organs; for
example, an increase in heart weight could be due
to a decrease in oxygen diffusion from the lungs,
an increase in adrenal weight could signal a
blockage of steroid synthesis within it, etc. The
weights of organs can be directly compared with
those from control animals, however, this often in-
troduces an artifact since experimental and con-
trol body weights are usualy different. It is com-
mon practice therefore to determine the relative
weights of the organs in relation to the total body
weight of the animal. Recently it has been pro-
posed that the relative weights should be taken as
a function of the animal’s brain weight, the postu-
lation being that the brain’s growth curve devi-
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ates the least of any tissue in the body. While nor-
malization based on this procedure would tend to
emphasize changes more than other techniques
currently in use, it is not yet widely accepted.
Tissue dry weight, after desiccation or ashing,
has also been used as a tool for determining
mechanisms of growth and metabolic balances
(24). This method has a major drawback, how-
ever, because it removes the organ from further
studies such as microscopic examination.

After gross observation and weighing, the
organs and tissues are preserved for histological
preparation and microscopic examination. The
most common methods for the preparation and
staining of individual tissues involve fixing with
10-percent buffered formalin solution, embedding
in parafin, and staining with hemotoxylin/eosin,
Many pathologists prefer other fixing and embed-
ding media, and certain tissues require different
procedures. There are also special stains for
highlighting different cellular components. There
is no one best method for preparation and obser-
vation of the tissues. The most valuable procedure
from the pathologists’ viewpoint is to prepare the
tissues in a number of ways, which allows com-
parison of various aspects such as specific cellu-
lar components, nuclei, cell membranes, etc.
(25-27).

Special consideration can also be given to tech-
niques in histochemistry and electron micro-
scopy. These methods are not used routinely in
toxicological evaluation and depend on a knowl-
edge of the mode of action of the toxic agent. They
can, however, indicate changes in cellular metab-
olism or structure before those changes become
manifest by the conventional histological proce-
dures, and therefore they may be more suitable
for observing changes from agents whose toxici-
ties are low or develop slowly. The equipment
necessary for these techniques is generally more
expensive than that needed for the more conven-
tional microtechnique methods. They are also
more time consuming and less standardized than
conventional methods. The histochemical meth-
ods, athough they might be more appropriately
classified as tests of organ function, are becoming
more widely accepted with investigators studying
mechanisms of toxic: action.

Functional Effects

Frequently, changes in organ or system func-
tion are observable before any change in struc-
ture becomes apparent. The test methods dis-
cussed below have generally been adapted from
human to anima use, and results are ordinarily

compared with animal control values and are not
necessarily comparable between species, Meth-
ods for evaluation of pulmonary function (28), car-
diovascular function (29), and brain and neural
activity (30) have been modified for human and
animal use. These methods include testing ven-
tilator flow, resistance, compliance, and gas dif-
fusion capacity for the pulmonary system; elec-
trical activity of the heart, and blood flow and
pressure for the cardiovascular system; electrical
activity of the brain (field and single unit) and
muscles; perception threshold, reflexes, and
chronaxy for neural function. The significance of
changes in brain activity as a determinant of tox-
icity is under question at present, however.

Generally, in these evaluations, each animal
serves as its own control. Baseline data for each
procedure is determined prior to administration
of the agent, and any changes in function are
noted during and after administration, since it is
important to determine whether the agent causes
reversible or irreversible changes in function.

Various other methods of testing for organ or
system function rely on both primary and second-
ary parameters. For example, liver function may
be assessed by dye clearance studies (primary) or
by analysis of serum enzyme concentrations (sec-
ondary). Most of the secondary procedures are
now automated and available through various
clinical laboratories at a reasonable cost, Many
investigators, however, still prefer to perform the
tests manually, and standard procedures are
well-defined and available in several texts
(31-33). Various modifications of these tests for
specific animal systems have been developed and
published, Tests usually considered appropriate
include total and differential blood counts, serum
enzyme and ion analysis, urinalysis (especially for
metabolizes of the agent), and liver and kidney
function tests (dye clearance). The value of these
tests is that abnormal results will often precede
obvious structural damage of the organ system in
guestion and will be apparent at lower dose
levels.

The study of hematologic effects encompasses
changes in the bone marrow as well as those in
the cells of the circulating blood. Observations
are made of the cells and of their absolute and
relative numbers. Specific tests such as dye dilu-
tion for blood volume, specific gravity, sedimenta-
tion rates, osmotic fragility, hematocrits, or clot-
ting time, are not routinely performed but may be
indicated. Serial bone marrow biopsies may also
be performed for hematologic effects; the results
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give both structural and functional information,
but these techniques are also not widely used.

The functions of the liver may be tested for
biliary obstruction (icterus index, akaline phos-
phatase), liver damage (thymol turbidity, plasma
protein ratios, cholesterol ratio, glucose level,
transaminase level, and cholinesterase level), ex-
cretory function (bromsulphalein clearance, bili-
rubin tolerance), and metabolic function (glucose
tolerance, galactose clearance), The most com-
mon tests used in toxicology are the serum alka-
line phosphatase and serum transaminases, and
in some cases a dye clearance (bromsulphalein) or
glucose tolerance.

The kidneys are responsible for excretion of
certain substances, e.g., urea, and for concentra-
tion and dilution of urine. Tests for excretion in-
volve dyes like phenolsulphonphthalein and also
measure such substances as urea and creatinine,
Concentration and dilution tests involve measure-
ment of urine specific gravity after fasting for
various periods. These tests are generally not
used in toxicology screening studies unless there
is reason to believe the toxicant acts on the
kidneys.

The evaluation of these tests may proceed with
or without modification of the tissue metabolism.
That is, promotors and inhibitors of enzyme sys-
tems, eg., SKF-525A for mixed function oxidase,
may be used to enhance the susceptibility of a
particular organ or system to damage from a toxi-
cant. This in effect maximizes the response so
that the toxic action can be more readily ob-
served.

Many other specific tests are available for
evaluating various organs and systems such as
sperm motility, specific gravity of cerebrospinal
fluid. calcium-phosphorus ratios for the skeletal
system along with tensile strength and compac-
tion, epinephrine sensitivity of heart muscle,
acetylcholine test of lungs, metabolism of excised
tissue, work and strain measurements of the vari-
ous muscle systems, etc.

Behavioral Effects

A recent addition to the field of toxicology has
been behavioral testing. Testing methods have
been devised for everything from simple percep-
tion to complex tasks involving perception, learn-
ing, judgment, motivation, and motor activity. The
value of the behavioral methods lies in the ability
of the nervous system to respond to toxic agents
a t doses much lower than those necessary to pro-
duce “classic” signs of toxicity in the organism.
Therefore, these methods are a potential sensitive

indicator of hazard and can be used as an “early
warning system. " Several good reviews of behav-
ioral toxicology are available (34-37).

Some of these methods rely on newer methods
of analysis such as contingent negative variation
(CNV). Some are redly an application of preexist-
ing principles such as dorsal evoked potentials
and neuromuscular transmission time that have
been widely used by experimenters in the field of
neurophysiology. Most of these techniques have
only recently been turned to the evaluation of tox-
icity.

At the present time, standardization and vali-
dation of behavioral techniques has not been ac-
complished. The question often raised by regula-
tory agencies is how do you relate an observed be-
havioral decrement to an adverse health effect,
especially if there is no concurrent structural
change apparent in the nervous system. Because
of these factors, behavioral studies are often der-
ogated by these agencies when setting exposure
limits for toxicants. Current research is being
conducted, however, under Government con-
tracts to answer some of these questions.

Comparison of Short- and Long-Term
Methods for Systemic Toxicity

Most of the procedures noted in this section are
equally applicable to short- and long-term testing,
obvious exceptions being irritation and sensitiza-
tion tests. The value of long-term testing for sys
temic toxicity lies in the ability to use low doses
that do not produce detectable adverse effects in
a short time period to see whether bioaccumula-
tion and cumulative effects occur. Predictions of
the effect of bioaccumulation can be made know-
ing the effects of short-term high doses, but final
evaluation of the toxicity depends on the long-
term effects observed, As will be pointed out in
the metabolism section, toxicants can be poten-
tiated or inhibited by the metabolism and relative
accumulation of the toxic moiety. Without defi-
nitely knowing the various metabolic reactions,
rates, and probabilities, it is impossible to ac-
curately predict toxic effects. High short-term
doses may induce a toxic reaction, such as death
from pulmonary edema, that might mask long-
term, low-level exposure effects such as liver
cancer, The differences in short-term and long-
term tests for systemic toxicity include the num-
ber of interim measurements allowed, the ability
to ascertain the types of effects which might
develop only over a long period and the progres-
sion or time course of toxic manifestations, and
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theability to evaluate mechanisms of bioaccumu-
lation or adaptation in the organism.

Mutagenicity

Rapid identification of a food contaminant as a
possible mutagen is necessary to reduce the po-
tential genetic risk to humans who might contact
the contaminant. Mutagenic effects on humans
often cannot be directly detected, and deleterious
effects on the human gene pool may not become
apparent for many generations if, for instance,
the deleterious effect is due to a recessive gene.
Heritable genetic damage in humans may result
from any of several types of effects on the genetic
material, The two major classes of effects are
point mutations, which generally affect a single
gene or part of a gene, and more extensive chro-
mosomal effects such as gross changes in struc-
ture or changes in number.

Only a few tests are available that directly
evaluate genetic effects of exposure of mammals
to chemicals: however, the potential of a chemical
to produce heritable genetic alterations in man
can be evaluated indirectly from its effects on ge-
netic material in various biologic test systems, in-
cluding micro-organisms, mammalian cell cul-
tures, insects, and intact mammals.

For substances that cannot feasibly be elimi-
nated from the human environment, it is not suffi-
cient to identify the existence of a genetic hazard;
guantitative assessment of the risk involved is
necessary for appropriate regulatory activity,
such as establishing action levels or tolerances
for food contaminants.

Mutagenicity testing is also used to prescreen
chemicals as an indicator of carcinogenic poten-
tial and, less frequently, other toxic effects such
as teratogenicity. This application is based on em-
pirical demonstration or correlation between mu-
tagenicity and carcinogenicity of chemicals (38)
and does not depend on the assumption that the
same mechanism is involved in both types of ef-
fect.

Approaches to Testing

As in all toxicological tests, mutagenicity tests
may produce false negatives (a negative result
when the substance is actually mutagenic) and
false positives (a positive result when it is not
mutagenic), and correlation between the results
from two test systems may be poor. Idedly, a mu-
tagenicity test system should be sensitive enough
to detect any chemical that may cause heritable
genetic damage and its results should be repro-

ducible. Finally, the test results should be quan-
titatively applicable to mutagenesis in humans.
Since no single test can fulfill these requirements
and none is reliable enough to stand alone as an
indicator of mutagenic potential, mutagenicity
‘testing should include a variety of systems se-
lected to show whether the test substance or its
metabolize produce any of a range of genetic ef-
fects. The test battery approach includes systems
that will detect several types of gene mutations,
chromosomal aberrations, and DNA repair; thus,
this approach offers the greatest reliability for
determining mutagenic potential, Tests that eval-
uate effects in intact mammals are essential for
predicting mutagenicity in humans.

Since screening large numbers of chemicals by
the test battery approach (39,40) may be prohibi-
tively costly, a hierarchical approach to mutage-
nicity testing, known as tier testing (41), has been
suggested. Tier 1 consists of relatively inexpen-
sive short-term prescreening tests. These use
micro-organisms or other in vitro systems to de-
termine priorities for indepth testing. Substances
that produce positive results in these tests, as
well as those that are negative but are structur-
aly similar to known mutagens or to which there
is a substantial risk of exposure for humans dur-
ing or preceding their reproductive years, should
continue into Tier 2.

Tier 2 tests are usually designed to detect sub-
stances that are not mutagenic in vitro but are
metabolized to an active form in the intact mam-
mal. Tests used at this level may include the domi-
nant lethal test, in vivo cytogenetic tests, the host-
mediated assay, and body-fluid analysis. Sub-
stances that are negative in Tiers 1and 2 are gen-
erally considered safe for use and are given very
low priority for further testing.

Only substances for which it is important to as
sess risk are subjected to Tier 3 testing, designed
to permit quantitative evaluation of mutagenic po-
tential. Tests used at this level include multigen-
eration mammalian studies, such as the heritable
translocation test, X chromosome loss test, and
specific loci test in mice.

Tier testing may represent an efficient use of
resources in large-scale mutagenicity testing, but
the use of prescreening tests carries serious dis-
advantages in determining mutagenic potential, If
test chemicals are prescreened by a single micro-
bial test, the proportion of false negatives may be
unacceptably high, and potentially hazardous or
useful substances may escape further testing.
The use of two or three tests at this level, in-
cluding both micro-organisms and mammalian
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cell cultures with and without activation by mam-
malian enzyme systems, may substantially in-
crease the reliability of prescreening (96). Never-
theless, such cell systems may not approximate
metabolic events in the intact mammal closely
enough to reveal the mutagenic action of some
substances that are potential human mutagens.

Whatever the testing approach and test sys-
tems selected, mutagenicity tests should include a
positive control as well as negative (untreated
and solvent) controls. The positive control sub-
stance, a known mutagen in animal systems that
is selected for its structural similarity to the test
chemical, serves to demonstrate the sensitivity of
the test organism and the efficacy of the metabol-
ic activation system used.

Current Test Systems

Chromosomal effects of many substances have
been demonstrated in plants such as Vicia faba
and Tradescantia (42), and the latter organism
has also been used in detection of somatic muta-
tion (43). While the genetic events involved (alter-
ations in DNA) are the same as those in mammali-
an cells, their relevance to human mutagenesis
has been questioned because of the major phylo-
genetic and physiologic differences between
plants and animals; thus, a negative result in
plants does not indicate that a substance is not a
mutagen in mammalian systems.

Of the many bacterial species that have been
used to detect point mutations, the most exten-
sively employed are the Salmonella typhimurium
mutants developed by Ames (44,45). The Ames
test uses a series of histidine-requiring mutant
strains that revert to histidine-independence by
specific mechanisms, either base-pair substitu-
tions or frameshift mutations, The original strains
have undergone several further modifications
that increase their sensitivity to mutagens by in-
terfering with DNA repair or modifying the cell
wall to enhance the penetration of chemicals into
the cell. Bacteria treated with the test chemical
are plated on selective media or cultured in liquid
suspension to determine the number of revert-
ants. A reproducible mutation rate twice the
spontaneous (control) rate is usually considered
evidence of mutagenic activity.

Because microbial cell systems do not possess
the metabolic capabilities of mammals, they will
not detect chemicals that exert a mutagenic effect
through metabolic intermediates, Several activat-
ing systems have been developed for use with in
vitro test systems to duplicate the effects of mam-
malian metabolism. The most extensively used

means of metabolic activation is the addition of
microsomal mixed-function oxidase enzymes, typi-
cally from rodent liver homogenates, to metabo-
lize the test chemical in vitro, This activating sys-
tem is added to the culture medium as part of the
Ames testing procedure with S. typhimurium, and
it has provided evidence for the mutagenicity of
many substances that have no direct mutagenic
effect on these bacteria (51). Microsomal enzyme
activation is also used with other microbial test
systems (46-48). The maor drawbacks of this sys
tem are that it would not detect chemicals metab-
olized to mutagenic intermediates by mechanisms
other than liver microsomal enzymes, e.g., sub-
stances metabolized by the intestinal flora, and it
is possible that the in vitro metabolism of the
substance does not adequately mimic its metabo-
lism in the intact organism because of competing
reactions. Another drawback is that a standard-
ized in vitro activation system has not been de-
vised to date.

Another widely used bacterial system is the
multipurpose strain of Escherichia coli developed
by Mohn and coworkers (49). This strain can be
used to measure reverse mutations restoring the
ability of the bacteria to synthesize the nutrients
arginine and niacin. Forward mutation rates in
two genes controlling galactose metabolism can
also be scored in this strain of E. coli. Use of this
test organism permits the detection of several
types of mutation in a single experiment.

Eukaryotic micro-organisms that are used to
detect the ability of chemicals to produce point
mutations include haploid strains of the yeasts
Saccharomyces cerevisiae and Schizosaccharo-
myces pombe (47,50) and of the ascomycete Neu-
rospora crassa (51). A diploid strain of S. cerevi-
siae permits detection of chromosomal damage
expressed as mitotic recombination that produces
phenotypic color changes (52).

Whole-animal activation mechanisms can cir-
cumvent this problem but they are generally much
less sensitive than tests using in vitro activation.
In these systems, rodents are exposed to the test
chemical by an appropriate route, and the effect
of rodent metabolizes on microbial genetic mark-
ers is determined by either body-fluid analysis or
host-mediated assay procedures,

In the body-fluid analysis (53-56), the micro-
organisms are treated with the urine, blood, or
homogenized tissues of the exposed animals. Cau-
tion is necessary in interpreting negative results
of these studies, in the absence of supplementary
pharmacologic data, since even if the chemical is
metabolized to a mutagen, other factors such as
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tissue-specific activation and detoxification
mechanisms and the half-life of the compound and
its metabolizes may affect test results. In the host-
mediated assay (57,58), the micro-organisms are
exposed to mammalian metabolic products of the
test substance by being introduced into the perito-
neal cavity, circulatory system, or testes of the
host mammal. The host is treated with the test
substance, and after an appropriate incubation
period, the indicator organism is removed and ex-
amined for mutations.

Genetic damage in micro-organisms can aso he
assessed indirectly through the use of DNA re-
pair-deficient strains of bacteria (44,59). These
tests organisms and otherwise identical strains
that have normal ability to repair DNA are
treated with the test substance. Toxic action of
the test substance produces zones in which bac-
terial growth is inhibited, and the difference in
size between the inhibition zones in repair-defi-
cient and normal strains indicates the extent to
which this toxicity is due to damage to the DNA.

A number of mammalian cell systems in culture
have been developed for detecting point muta-
tions, including cell lines derived from mouse lym-
phomas, Chinese hamster ovaries and embryos,
and human fibroblasts and lymphoblasts (60-63).
In addition, gross chromosomal changes such as
breaks, gaps, and rearrangements can be micro-
scopically observed in these cells. Stable re-
arrangements, such as translocations and inver-
sions, are considered evidence of heritable
changes. The induction of only gaps and breaks is
not regarded as evidence of mutagenicity, be-
cause these aberrations often occur as a result of
general cytotoxicity and thus may be present only
in moribund cells. Like microbia systems, in vitro
mammalian cell tests can be used in conjunction
with activation by mammalian enzymes or with
whole-animal activation to permit detection of
mutagenic effects by metabolic products of a test
substance.

Mammalian cells, including human white blood
cells, are also used to detect chemical damage to
DNA by measuring unscheduled DNA synthesis
(63). This indirect indicator of genetic damage is
evaluated by measuring the uptake of radioactive
thymidine for repair of damaged DNA during
those stages of cell growth when DNA synthesis
does not normally occur. A similar test with
mouse spermatocytes exposed in vitro or in vivo
demonstrates effects on DNA in germinal cells
(64),

Sister chromatid exchange, a reciprocal ex-
change of segments at homologous loci. measured

by autoradiographic methods, has also been used
to examine a variety of chemicals (65,66). Sister
chromatid exchange in various cell systems has
been demonstrated following exposure to known
mutagens, but additional work is needed to define
the extent to which results are correlated with
more traditional mutagenicity tests,

The fruit fly Drosophila melanogaster is used in
a comprehensive and extensively characterized
mutagenicity test system which can detect all
types of mutagenic activity at a fraction of the
time and cost of in vivo mammalian testing (67).
The large number of genetic markers and known
chromosomal aberrations make it possible to
assay a chemica for many types of mutagenic ac-
tivity in a single test. The sex-linked recessive
lethal test (68) in Drosophila is a very efficient
mutagenicity assay, since about 20 percent of the
insect’s genetic material is located in the X
chromosome. Recessive lethal changes caused by
point or chromosomal mutation can be mapped
and in most cases the nature of the change caus-
ing the mutation can be determined. This test aso
permits a quantitative assessment of mutagenic
activity. Because of the large size of Drosophila
chromosomes, this organism can also be used
readily to assess meiotic and mitotic recombina-
tion, dominant lethality, translocations, and dele-
tions. Some indirect mutagens that required meta-
bolic activation have been shown to be mutagenic
in Drosophila, indicating that these insects have a
microsomal mixed-function oxidase system (69).
However, to determine whether Drosophila test
results are useful for risk assessment, more in-
formation is needed on how their metabolism of
foreign chemicals compares to that in humans. A
few other species of insects have also proven use
ful in mutagenicity testing, including ‘several
species of the parasitic wasp, Habrobracon (70).

Clearly the most accurate predictions of muta-
genic potential in humans can be drawn from
tests that determine direct genotypic and pheno-
typic effects in mammals exposed to the test
chemical by routes relevant to human exposures,
Several direct mammalian tests exist, but these
have the disadvantage of detecting only a few of
the possible types of genetic damage. Chromo-
somal damage occurring in vivo can be detected
in several different cell types, such as bone mar-
row cells and circulating lymphocytes, and the
presence of micronuclei in red blood cells (7 1).
Cytogenetic tests using mammalian lymphocytes
and the micronucleus test offer the advantage of
permitting direct comparison with effects on hu-
mans resulting from accidental exposures; how-
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ever, these tests demonstrate only effects on so-
matic cells and do not provide direct evidence of
heritability.

Cytogenetic changes in mammals can also be
evaluated in germinal tissue from the testes. In
the direct spermatocyte test (72), male mice are
exposed to the test substance. After sufficient
time for the treated spermatogonia to reach the
spermatocyte stage, they are examined for cyto-
genetic abnormalities. This test allows for the ac-
tual observation of induced cytologic changes in
premeiotic male germ cells, but it does not permit
detection of effects in postmeiotic cells or their
transmission to the offspring.

Effects on offspring can be evaluated in mice by
the heritable translocation test (73) and the X
chromosome loss test (74). In the heritable trans-
location test, F. mae offspring of treated mice are
mated to determine sterility, and indication o
possible translocation heterozygosity. Chromo-
somal effects are then confirmed by cytogenetic
analysis of the germinal cells of the male of offspr-
ing. The X chromosome loss test permits the
detection of chromosome loss resulting from non-
disjunction in the female, since, unlike somatic
chromosome aneuploids, animals of XO genotype
are usually viable, Aneuploidy for the X chromo-
some can be detected by genetic markers and con-
firmed by cytologic observations.

The dominant lethal assay, usually performed
in the rat or mouse, uses fetal loss as an indicator
of induced chromosomal mutations in male ger-
minal cells (75). The death of the zygote is assum-
ed to result from chromosomal abnormalities in
the sperm of male mice exposed to the test chem-
ical. This test is relatively easy to perform and its
results have been positively correlated with muta-
genicity in other animal systems. Preimplantation
loss alone is not used as an indication of muta-
genicity since it has been found to occur for rea
sons other than chromosomal changes in the
sperm. Disadvantages of this test are its relative
insensitivity and difficulty in clearly distinguish-
ing weakly positive results.

Only one test is available at present that can
detect heritable gene mutations induced in mam-
malian germ cells. In the specific locus assay in
mice, forward mutations at seven loci, affecting
characteristics such as coat and eye color are
mated with mice homozygous for recessive alleles
at these loci (75). Because such a small number of
loci are involved, this test required the scoring of
20,000 to 30,000 offspring at each dose level to
produce reliable results and is therefore very
costly and time consuming.

Carcinogenicity

In the event of massive or long-term environ-
mental contamination of food destined for human
consumption, one of the decisions to be made is
whether the contaminant appears to pose a sig-
nificant carcinogenic risk. With this in mind FDA
submits the candidate compound to the Chemical
Selection Working Group at the National Cancer
Institute for consideration under the carcinogen
bioassay screening program (76,77).

Prerequisites for a Carcinogenicity
Study

Once the compound has been selected, it is
screened using a chronic or lifetime exposure
regimen (76,78,79). However, before the long-term
study is undertaken, specific toxicologic profiles
must be obtained. Young healthy adult animals of
each sex and strain to be used in the long-term
studies should be used in the preliminary studies.
The animals should be of uniform age and weight
and should be tested using the same formulation
and route of exposure to be used in the long-term
studies. The first is an acute study designed to
gain additional information on the acute toxicity,
assuming there is a paucity of data on this aspect
of toxicity, and to determine the lethality of the
test compound. The duration of this test should
not exceed 24 hours and should include at least
three dose levels determined by a geometric pro-
gression. one of the dose levels selected should
represent the highest dose to be used in subse-
guent studies. Throughout the investigation, all
relevant clinical signs should be recorded. Ne-
cropsies should be performed on a random selec-
tion of animals of each sex and strain, and any ab-
normal histopathologic changes should be noted.

After the 24-hour study, a 14-day investigation
should be initiated in an effort to ascertain the
doses necessary for the subchronic study, the
next prerequisite investigation for the chronic
study. This toxicologic study requires five dose
levels, with the highest one, estimated from the
24-hour acute study, producing no more than 10-
percent lethality. The other dose levels should
represent geometric decrements of the highest
dose. Animals should be treated with the test
substance for no more than 14 days, held another
24 hours, and then sacrificed for necropsy.
Throughout the study, the animals should be ob-
served for clinical signs of toxicity. Other toxicity
data, such as those derived from organ function
tests and metabolism studies, are also necessary.
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The next toxicity study involves the administra
tion of the test substance for 90 days and is used
as a predictor of the maximum tolerated dose
(MTD). This can be defined as the highest dose
given during a chronic study that can be pre-
dicted to not alter the animals’ normal longevity
from effects other than carcinogenicity, In prac-
tice, MTD is considered to be the highest dose that
causes no more than a 10-percent decrement in
weight compared to controls. Five dose levels are
required in this study, with a minimum of 10 ani-
mals of each sex and strain in each dose group.
The highest dose level used should be the lowest
concentration that produced any detectable un-
toward toxic effects in the 14-day study. The re-
maining dose levels should be determined as in
the 14-day study, If the selected dose levels do not
produce a discernible no-effect level, the study
should be repeated with lower doses.

Carcinogenic Bioassay

The chronic study (76,78,79) represents the
essence of the carcinogenicity bioassay. It is used
to determine the carcinogenicity of a compound in
males and females of two mammalian species,
usualy the rat and mouse. The species selected
are tested throughout their entire lifespan. Each
test group should consist of a statistically repre-
sentative number of animals. The highest selected
dose should represent MTD and the remaining
dose levels should be adjusted accordingly. There
should be at least one control group, in which the
animals receive only the vehicle used for adminis-
tration of the test material, If no vehicle is used,
this control group should be untreated but iden-
tical in every way to the experimental groups. In
addition to the concurrent control group, a colony
or historical group should be used for the com-
parison of longevity, spontaneous diseases, and
spontaneous tumor incidence. The historical con-
trol may also be used for statistical comparisons.
In some studies, a positive control group that has
been treated with a compound structurally simi-
lar to the test compound and known to be carcino-
genic in the test species may be indicated. How-
ever, because of the added risk of handling a
known carcinogen, a positive control group is sel-
dom used.

Throughout the study, animals must be ob-
served for signs of toxicity. Every animal should
be examined carefully each week, Animals should
be weighed and food consumption measured. In
some cases, it is desirable to evaluate tissue
distribution and concentration of the substance
or its metabolizes.

The animals in any one test group should be
sacrificed at an adjusted or prearranged date.
However, a group can be terminated earlier if
there has been high cumulative mortality. Mori-
bund animals should be sacrificed immediately
upon discovery to lessen the likelihood of unob-
served deaths and subsequent autolysis or canni-
balism. Control groups should be sacrificed ac-
cording to the original or adjusted sacrifice date;
the later date is preferred. Because of the strong
dependency on histopathologic results and to
avoid possible criticisms of the study, necropsies
and histopathologic examinations should follow
standard procedures required by regulatory
guidelines.

The major drawback to the carcinogenic bio-
assay procedure is the time and cost required to
complete and analyze such a study. If the study is
done properly, however, the results should be
conclusive and for the most part indisputable, al-
though there still remains the question of extrap-
olation of results to the human population.

Short-Term Testing as a Prediction of
Carcinogenicity

Evaluation of carcinogenicity has generally re-
lied on the results of long-term animal studies, To
use this kind of testing approach for every sub-
stance suspected of