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Foreword

"THE ACS SYMPOSIUM SERIES was founded in 1974 to provide
a medium for publishing symposia quickly in book form. The
format of the Series parallels that of the continuing ADVANCES
IN CHEMISTRY SERIES except that, in order to save time, the
papers are not typeset, but are reproduced as they are submit-
ted by the authors in camera-ready form. Papers are reviewed
under the supervision of the editors with the assistance of the
Advisory Board and are selected to maintain the integrity of the
symposia. Both reviews and reports of research are acceptable,
because symposia may embrace both types of presentation.
However, verbatim reproductions of previously published
papers are not accepted.
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Preface

EVALUATION OF THE SAFETY, or more correctly, the assessment of risk
of new products or ingredients can be a tedious and expensive process.
The authors in this volume present an overview of the considerations that
must be addressed in the process of determining the risk of a new food
material. This book presents the reader with a contemporary discussion of
the principles and issues that are involved in the safety evaluation of food,
ingredients, and new processes for manufacture and distribution of food
products.

The authors and editors want to provide the reader with some con-
temporary guidelines for food safety evaluation. First, one must determine
the anticipated use of the new food or ingredient, determine the potential
human exposure, and study the structure—activity relationship. Then, after
determining the chemistry of the compound in vitro and in vivo, testing
can be initiated. Finally, one can do clinical testing before public expo-
sure. With each stage of testing, a set of clearly defined questions should
be asked, and appropriate testing should be designed to answer these
questions, minimizing animal use, time, and costs.

This book brings together many of the world’s experts in the field of
safety evaluation. The questions and insights they offer should be most
useful to anyone concerned about food safety evaluation.

Disclaimer

This book was co-edited by David Armstrong in his private capacity.
No official support or endorsement by the U.S. Food and Drug Adminis-
tration is intended or should be inferred.

JOHN W. FINLEY DAVID J. ARMSTRONG
Nabisco Brands, Inc. U.S. Food and Drug
East Hanover, NJ 07936 Administration

Washington, DC 20204
SUSAN F. ROBINSON
American Chemical Society
Washington, DC 20036

August 16, 1991
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Chapter 1

Food Safety Assessment
Introduction

John W. Finley! and Susan F. Robinson?

INabisco Brands, Inc., 200 Deforest Avenue, East Hanover, NJ 07936
2American Chemical Society, 1155 16th Street, NW, Washington, DC 20036

The absolute safety of a food or an ingredient can never be guaranteed. However, with
appropriate precautions during development, through manufacture into products,
during processing and final preparation, and in distribution, the risk from any food can
be kept to an absolute minimum. It is impossible to test 100% of all foods for every
possible variable or contaminant. Nutritional abuse and overcompensation by
consumers are also beyond the control of the food manufacturer.

As our society has moved from an agrarian society to a urban society, there have
been equally significant changes in the eating habits and the nature of our diets. In an
agrarian society, significant portions of the food supply were produced and consumed
on the family farm. Frequently these products were consumed fresh or nearly fresh
or were preserved by home processing techniques. These home processing techniques
for preservation clearly lacked the sophistication of modern processing plants and
were therefore prone to human error. Such errors frequently resulted in spoilage and,
occasionally, illness or death from microbial contamination. Urbanization has
resulted in consumer demand for a wider variety of foods than were ever imagined 100
years ago, products that must also be nutritious and safe. This variety of wholesome
food is not only delivered thousands of miles from its origin, but it is delivered at a
lower percentage of annual income than at any point in history.

Food technology employs many processing tools to make this food delivery
systema successful reality. A number of incidental and deliberate ingredients are used
to facilitate the delivery of wholesome and organoleptically pleasing food. Pesticides
are applied to certain crops to protect against infestation of the crop and to ensure
economically viable production as well as wholesomeness. Antioxidants and antimi-
crobials are frequently used in susceptible foods to ensure safety during processing,
distribution, and storage. Antioxidants, flavors, and colors are added to foods to help
improve the masticatory and organoleptic quality of the final food product. All of
these materials, as well as novel or unique means of processing foods must be
thoroughly tested to ensure that any risk to the consumer is minimized. Inreality, these
additives have received much more rigorous testing than most common foods that we
take for granted. We have now reached a point in our food distribution system where
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anywhere in the western world one can have a year-round supply of tropical fruit, fresh
vegetables, and fresh fish. A tour through the supermarket clearly illustrates our
opportunity to take home a magnificent variety of prepared foods that can be prepared
in minutes in a microwave oven to provide a gourmet meal. As technology advances
and knowledge grows, new and unique food ingredients and processes are being
developed and their impact on food safety and quality must be evaluated.

The first group of chapters in this book provide an overview of food safety issues.
This section contains an interesting historical perspective on food safety evaluation
from ancient times through modern safety testing by Sanford Miller. In his chapter,
Dr. Miller not only discusses what has been done to assess safety historically, but also
provides an insightful view on why the testing was done and how it evolved to our
current system for assessing safety. Public concernsrelated to our current food supply
are discussed by Fred Shank. Dr. Shank points out that our food is safe, but we need
to do a much more effective job of informing the public about risk. If we can provide
better assurances to the public through improved in-plant testing programs at critical
points [for example, the Hazard Analysis Critical Control Point (HACCP) system] and
improve public communication as to the safety of our food supply, the consumer, the
processor,and government agencies will all benefit. Dr. Shank points out that the Food
and Drug Administration (FDA) will work with researchers in a cooperative spirit to
accomplish this goal.

If the current food supply is safe, how do we assess the risk of new foods and
ingredients? Whenever we attempt to evaluate the risk or safety of a new food or
ingredient (either a direct additive or an incidental additive such as a pesticide), the
type of potential hazard that can be raised must be determined. For example, with a
new food ingredient, we must decide what potential chemical or biological hazard is
associated with the proposed ingredient. If such a hazard exists, at what concentration
does the substance become toxic? Next, we must determine the nutritional impact of
the ingredient in the diet. Does the substance add nutrients or does it negatively impact
the absorption or utilization of a nutrient? Does the proposed ingredient provide any
benefit to the diet (a difficult aspect to determine)? This perception of risk/benefit is
often nebulous and difficult to measure, but, in his chapter, Michael Pariza offers an
objective discussion of the current status of the important issues in this area.

Evaluating the issues around pesticides and pesticide residues in foods and the
potential problems surrounding the incorporation of agential-engineered plant pesti-
cides are additional topics covered by the next group of authors. Biotechnology has
provided us with a wide variety of new foods and ingredients ranging from wheats,
with improved yield and disease resistance, to high-solids tomatoes, to plants which
can produce drugs. The food safety evaluation community must identify reasonable
and proper means to evaluate these products to ensure continued safety in the food
supply. Asthe technology improves and products become ready for incorporation into
the food chain, we must be able to ensure safety during processing with both current
and new products.

The use of computers in the assessment of risk is covered by the next chapters. In
this section, various approaches are discussed to predict and quantitate the nature of
risk of a specific food or ingredient. The quantization of exposure to a material is
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critical in determining the extent of the risk. Two chapters describe techniques to
assess the exposure of any food, ingredient, or component in the food supply. Drs.
Lepparulo-Loftus and Abrams use various databases to estimate how much of any
food or component in a food is consumed by the population. This estimation is the first
critical step in assessing the risk associated with anew ingredient. The questions faced
in this area are (1) for what purpose will the ingredient be used, (2) what will be the
concentration of the ingredient in a given food, and (3) how much of that food will be
consumed by the consumer.

Computer modeling provides an excellent means of estimating the toxicity of a
chemical compound before any biological testing. Studying quantitative structure-
activity relationships (QS AR) relates structural information for achemical component
with known biological activities and provides a rapid assessment of the likelihood of
a compound being mutagenic or carcinogenic. Armed with this critical information,
a researcher can design the correct testing protocol to determine if a compound is
indeed a problem or even consider alternative ingredient production approaches that
are less likely to present problems. Michael Smithing describes an intuitive program
to predict a variety of forms of toxicity in a broad range of species from bacteria
through mammals. Like QSAR, this program provides the researcher with a rapid
means of screening compounds for potential hazards. The technique looks at segments
of molecules and compares them to compounds of known toxicity to establish a
likelihood of toxicity for a particular compound. Computer modeling provides a
unique opportunity in risk assessment of the safety of food ingredients. It provides
accurate models to predict potential negative effects and an excellent means to predict
the potential exposure of the population to a particular component. Having made these
assessments, the next step is to design a testing program to assess the safety of a new
ingredient.

Several authors discuss guidelines for safety evaluation testing. Every food,
ingredient, or process is unique and requires different approaches to testing. The
researcher must discuss plans for safety evaluation studies with organizations such as
the FDA to ensure that the best approaches are being taken to answer critical questions
about the safety of the ingredient. Asking the sometimes difficult questions about a
compound and what steps are necessary to evaluate its risk are most important and
should be done as early as possible in the program. George Pauli points out that the
burden of demonstrating safety rests with the company that seeks authorization to use
the material or process. Authorization is then granted on a generic basis for the use
of the compound in a particular application. Dr. Pauli provides an excellent guide as
to which questions should be asked and then answered by the researcher to demon-
strate the safety of an ingredient.

Otho Easterday and his coauthors provide a priority ranking system for guidelines
for the evaluation of flavor ingredients. This ranking system is accepted by national
and international organizations. Examples of applications of this approach are
included in the chapter.

AlanRulis discusses the concept of the threshold of recognition, or how to evaluate
ingredients that offer minimum risk. This important concept deals with materials that
find their way into the food supply in ultrasmall quantities and, based on statistical
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evaluation, do not present hazards at the levels at which they are found. All chemicals
have a threshold of toxicity. When contaminants are substantially below that level,
testing is usually not required. The level of technology in analytical chemistry has
reached a point where we must now apply caution in overinterpretation of results. For
example, when the Delany Clause (forbidding the addition of any compound that is
known to induce cancer in man or animals) was added to the Food, Drug, and Cosmetic
Act in 1958, analytical techniques were not as sensitive and many compounds could
not be detected at or below their threshold of biological activity. Now, we have clearly
surpassed that level of detection, and laws that have zero tolerance for toxic (or, in the
case of the Delany amendment, carcinogenic) compounds need to be reconsidered. A
real challenge for the scientific community is to effectively communicate this need for
change tolawmakers and the general public. After decades of discovering carcinogens
in many unexpected places, now researchers must convince the public that these
compounds may not always be dangerous.

The addition of food coloring has been a controversial topic for decades. Regard-
less of the nature of the ingredient, the food, or the process being evaluated, each case
is unique and the “Redbook” provides a guideline to evaluation of the material. This
section of the book helps researchers develop a clear testing program to answer critical
questions about the safety of a product when consumed.

‘When the decision has been made as to which biological tests must be run to assess
the safety of a material, the specifics of these tests must be planned. At this point, the
researcher needs to consider the possible outcome of the planned test and, more
importantly, how to plan the tests to ensure that the right questions have been
answered.

The next group of authors address the critical biological tests that are usually
included in the assessment of a new ingredient. D. G. Hattan discusses how to plan
acute and chronic tests to maximize the information obtained and minimize the use of
animals. This chapter also addresses the difficult issues in designing meaningful
testing to assess macro-ingredients such as fat substitutions or bulking agents. These
ingredients cannot be tested with the 100 or 1000 safety factors usually applied to trace
ingredients such as flavors or colors. Dr. Hattan discusses the emerging approaches
for evaluation of such materials.

Next, John Kirshman deals with current trends in animal testing. Important
concerns about the adequacy of present testing and approaches for evaluating complex
mixtures such as foods are discussed. New trends in food safety testing offer the
researcher innovative and unique approaches to testing which may provide answers to
some of the difficult questions we are now facing. Researchers are also concerned with
the accuracy of animal models and whether we can identify better test models that will
more accurately model humans.

The ultimate test model is the human being. Walter Glinsmann presents an
extensive discussion of the considerations surrounding human testing Many aspects
must be carefully considered before embarking on a clinical testing program. In
addition to the safety issues, ethical, legal, and regulatory consequences must be
considered. Clinical testing can be useful (1) in establishing the appropriateness of
animal models to assess human toxicological endpoints, (2) in defining human
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tolerance and appropriate endpoints, (3) in estimating safety more precisely when a
large safety factor cannot be calculated from a no-effect or no-adverse-effect level
determined in animals, (4) when inherited or disease-related conditions may adversely
impacted by the product and relevant animal models are not available to assess these
impacts, and (5) when complex adverse health effects (e.g. neurobehavioral, food
allergy, or food sensitivity) are associated with the product.

Drs. Lachance and Milner discuss nutritional effects on food safety evaluation. Dr.
Milner emphasizes the impact of diet and nutritional status on prevention of
carcinogenesis. Dr. Lachance points out that nutritional status is critical to the
evaluation of new ingredients. He also discusses the importance of over-nutrition or
food abuse as a safety consideration. As with many other authors in this book, he
emphasizes the need for improved consumer education. All nutrition, health care, and
food safety professionals must help with consumer education, particularly as related
to abuse of foods.

With the major emphasis and attention focused on the chemical safety of new
ingredients or foods, the microbiological aspect of food safety is often overlooked.
Several authors provide insight into some current microbiological issues related to
both current and new food products. Some of the issues to be considered are minimally
processed foods, newly identified organisms which grow at or near refrigeration
temperatures, products of fermentation and biotechnology, preservative-free foods,
and environmentally acceptable packaging. These seemingly contradictory concerns
must all be considered in the development and safety assessment of new foods,
particularly those in which bacterial growth is likely. Myron Solberg explores several
alternative opportunities for microbiological control in foods. Drs. Wood and Pohland
discuss the problem of mycotoxins and contaminants in foods and feeds. Up to 25%
of the world’s food crops may be contaminated with mycotoxins. A rational approach
for dealing with this problem is discussed.

The last group of chapers provides the reader with a mixture of specific applica-
tions related to the safety evaluation of foods. C. M. Bergholz discusses efforts to
evaluate the safety of the macro-ingredient Olestra. She presents an interesting
approach to testing an ingredient for which normal safety factors are not practical. A
fat substitute such as Olestra could be used at up to 20% of the diet and would be
impossible to test using normal safety factors. This section also contains useful
prototype studies in the evaluation of food colors, nitrates, nitrites, and N-nitroso
compounds.

Drs. Addis and Hassel discuss safety issues that make assessment of antioxidants
difficult and sometimes confusing. First, although antioxidants can be shown to be
safe even at very high doses, some biological activity has been observed. Second,
direct health benefits have been reported, such as mediation of atherosclerosis. Third,
antioxidants inhibit the formation of lipid oxidation products, products that can have
very serious health implications.

This book will provide some contemporary guidelines for food safety evaluation:
One must determine the anticipated use of the new food or ingredient, determine the
potential human exposure, and study the structure-activity relationship. After deter-
mining the chemistry of the compound in vitro and in vivo, testing can then be initiated.
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Finally, clinical testing is done before any public exposure. With each of these stages
of testing, a set of clearly defined questions should be asked and appropriate testing
designed to answer these questions. Working closely with the appropriate govern-
mental organizations at every step in the process will help ensure that the appropriate
questions are asked and answered.

RECEIVED November 22, 1991
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Chapter 2

History of Food Safety Assessment
From Ancient Egypt to Ancient Washington

Sanford A. Miller

Graduate School of Biomedical Sciences, The University of Texas Health
Science Center at San Antonio, 7703 Floyd Curl Drive, San
Antonio, TX 78284-7819

It is the burden of each generation to believe that the world, and more particularly,
insight, began at the time of their birth. It is difficult for young people to recognize
that their knowledge is a transition point in a long history that began at the beginning
of time. Fundamentally, the problems faced by modern man differ only in degree from
those of our ancestors. In 600 B.C., Lao-Tzu, the germinal Taoist wrote, “He who has
extensive knowledge is not a wise man.” Knowing does not give one insight nor does
it provide directions as to what to do with that knowing. The capability of modern
science to detect increasingly smaller numbers of molecules, for example, does not of
itself provide any better understanding of the biological meaning of those small
numbers of molecules or, in turn, their significance to human health. This, lack of
insight, in turn, leads to confused or inappropriate public policy. The study of history,
however, can provide the beginning of understanding by permitting the comparison
of the importance and significance of events. This is true for food safety as it is for
world politics. Unfortunately, the problem often is in utilizing these insights rather
than in their development.

A Short History of Food Safety

To begin this process of developing insight in the history of food safety evaluation, let
us start at the beginning.

Now the serpent was cunning, more cunning than any creature that God, the
Eternal, had made; he said to the woman, “And so God has said you are not
to eatfruitfromany treeinthe park.” The woman said to the serpent, “We can
eatfruitfromthe trees in the park, but as far as the tree in the center of the park,
God has said, ‘You must not eat from it, you must not touch it lest you die.’
“No,” said the serpent to the woman, “Youshall not die; God knows on the day
you eat from it, your eyes will be open and you will be like gods, knowing good
fromevil.” Sowhen the woman saw that the tree was good to eat and delightful
to see, desirable to look upon, she took some of thefruit and ate it; she also gave
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some to her husband and he ate it. Then the eyes of both were open and they
realized that they were naked; so they stitched some fig leaves together and
made themselves girdles. (Genesis 3:1-17).

As a result of their violation of the regulations, Adam and Eve were cast out of the
Garden of Eden, carrying with them the burdens of woe and sorrow for all of mankind.

This brief vignette describes practically all we know about food safety and
regulation. The first regulatory authority identified a hazardous food and issued
regulations concerning its use. The first hucksterraised doubts in the credibility of the
regulator and convinced the first public that there was more to be gained by
consumption of this banned product than by following the regulations. The first
violation was therefore met with what can only be considered the first regulatory
action. Little has changed with the exception that over the millennia, for a variety of
reasons, much of the primary emphasis has shifted from health to economics and back
again, although at all times these issues were intertwined.

There are many references to food safety in the Bible. The dietary laws of Moses
are considered by some to be a direct reflection of tribal judgement based upon human
experience. It is argued that the Book of Leviticus prohibited the use of pork or the
meat of any scavenger or deceased animal possibly as a result of observations that
consumption of these products frequently leads tohumandisease (). Perhaps the best
known Biblical reference to food safety was the phrase “death in the pot” which
became the rallying cry against food adulteration at the end of the 18th Century,
according to Peter Hutt (2). This is areference to the Prophet Elisha, who having come
to the land of Gilgal had his servant put a pot on the fire and boil some herbs and other
greens for the Guild of Prophets. One of the servants found a wild vine and included
its fruitin the pot. The pottage was then poured out for the meal. As they were eating,
they noticed the strange fruit and cried out, “Oh, man of God, there is death in the pot.”
Asaresult, they would noteat the pottage until Elisha, apparently an early toxicologist,
was able to detoxify the food in the pot.

Because of the importance of the food trade to the Roman Empire, Roman civil law
included broad edicts against any kind of commercial fraud or contamination of food.
Nevertheless, because of the lack of sensitive detection methods, a wide variety of
techniques were in common use to adulterate foods in ancient Rome. Cato described
a method to determine if wine had been watered. He also discussed processes for
making wine “mild and sweet.” He provided instructions for preparing salted and
pickled meat, cheese or fish, and a detailed recipe for salting ham (3).

China had a similar concern in assuring the safety of food. Chinese medicine has
a long history of preventive medicine in which food and diet played a central role (4).
The Confucian Analects (Lun Yu) of 500 B.C. contained stringent warnings against
the consumption of spoiled or contaminated food, “sour rice, discolored fish or flesh,
insufficiently stored or cooked.” In 2 A.D. Chang Chung-Ching published a manual
for Safety Regulations for Food (Chin Kuei Yao Lueh) (5) that incorporated many of
the earlier Confucian prohibitions.
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As with any widespread activity basic to a culture, attempts at fraud and adultera-
tion of food were widespread during ancient times. Pliny the Elder writing in the 1st
Century A.D., documented numerous examples of food adulteration. He deplored the
greed of merchants who “spoil everything with frauds and adulterations.” He went on
to say, “So many poisons are employed to force wine to suit our taste - and we are
surprised that it is not wholesome.”(6). Pliny was an advocate of “simple food” - a
return to the “old” ways - who had concluded that the greatest aid to health was
moderation in food and all things. It is sometimes difficult to distinguish between
Pliny’s concern for fraudulent or unsafe modification of traditional food and his
philosophical opposition to any change including those which lead to improved
products in terms of quality and quantity (2).

Similar contradictions could be described for every period of human existence.
Peter Hutt traced the history of food law through all periods of history from the Bible,
through the fall of the Roman Empire, the Dark Ages, the 17th and 18th Century
England, and into modern times (2). For example, he discusses the fact that the early
English statutes were directed primarily at assuring that a given quantity of a food
would be sold at a given price. However, as Mr. Hutt points out, it soon became
apparent that the price of food cannot be controlled without adequate regulation of the
quality. Asaresult, in 1266, Parliament enacted the Assize of Bread which prohibited
the sale of any staple food product that is “not wholesome for man’s body.” Nomodern
statute, he said, has found a better or more inclusive language to convey the legislative
directive to prohibit unsafe food.

The history of food regulation in the United States, has followed a similar course.
To a significant extent the demand for a national food safety act began in the middle
of the 19th Century. However, it wasn’t until Upton Sinclair graphically portrayed his
view of where technology had brought the meat industry in his novel, The Jungle, that
the outcry became widespread and overwhelming. In 1906, after many previous
failures, Congress enacted the first national legislation in the United States regulating
the safety, economic integrity and labelling of food. While the 1906 act was sufficient
for addressing some of the more flagrant abuses and problems of the time, it was soon
made obsolete by the growth of science and technology. By 1930, a wide variety of
pesticides and other agricultural chemicals were in common use and the use of
additives was more prevalent in food processing. An increasingly urbanized and
industrialized society was becoming dependent on an increasingly sophisticated food
industry to ensure an abundant and economical food supply (6).

In 1938, these concerns were addressed by Congress in the enactment of the
Federal Food Drug and Cosmetic Act which, though amended many times, remains
the basic statute governing food regulation in the United States. In many ways, the
primary goal of this Act, in contrast to the 1906 Act, was safety, but with regard for
the availability of useful chemicals.

During the 1940’s and 1950’s, science, and subsequently technology, developed
rapidly resulting in a proliferation of food chemicals and new processes. Advances
also occurred in toxicology and more systematic approaches were adopted for
evaluating the safety of food substances. It soon became evident to FDA and the food
industry, as well as to Congress, that more formal pre-market reviews of these
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materials were necessary to ensure safety and maintain public confidence. Asaresult,
in 1958, Congress enacted the Food Additives Amendment, and in 1960, the Color
Additives Amendment which established as law the basic proposition that new food
chemicals should be tested by their proponents and reviewed and approved by FDA
prior to marketing (6).

These amendments contained in their legislative history a definition of safety
which said that proponents of new chemicals must prove to “areasonable certainty that
no harm would result from consumption of the chemical under its intended conditions
of use.” This “reasonable certainty of no harm” safety standard was intended to be very
protective, but it was not absolute. Congress recognized that, as a matter of science,
safety could not be proven to be an absolute certainty. It thus chose a standard that
relied on the informed judgement of experts and could provide considerable safety
while not blocking innovation.

Nevertheless, the key feature of these pre-market approval statutes was the now
famous Delaney Clause, which incorporated a less judgmental standard, in that it
provided that “no food or color additive may be deemed safe that has been found to
induce cancer when ingested by man or animals.” Since 1958, much of the history of
FDA food safety regulatory activities have involved efforts to interpret and rationalize
the mandate of the Delaney Clause (7, 8).

Science and Law

In briefly reviewing the history of the regulation of the food supply and the evaluation
of its safety, it seems clear that advances in science and technology were important
stimuli for modification of law. The increasing productivity of agriculture and a food
processing industry based upon successful exploitation of expanding scientific insights
were major determinants of the growth of urban multiplexes. These developments, in
turn, increased the dependence of the consumer on a complex, highly structured and
regulated food supply. With each step in the direction of increased urbanization,
consumers became even further separated from the sources of their food supply,
decreasing their ability to depend on their own knowledge and experience to assure
food safety. This turn putincreasing pressure on science and technology to assure that
safety. Peter Hutt has argued that virtually all changes in the evaluation process for
food safety are related to changes of science, rather than of law (9). He further argues
that laws regulating food safety have remained basically the same. What changes is
the way in which the laws are interpreted and enforced. Nevertheless, there are
examples of regulation and law forcing science to develop technologies to enable
enforcement. It is clear that the enactment of the Delaney Clause and the subsequent
anti-cancer laws and regulations were important determining factors in the explosion
in research on mechanisms associated with carcinogenesis and the identification of
carcinogens (10). In any case, the result of this dynamic interplay between science and
law has been the development of a complex, often archaic set of regulations based
upon varying legislation and precedent elaborated with the goal of making certain that
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the consumer receives exactly what is promised and does so in such a way that health
is not impaired.

Art To Science — Food Safety Evaluation

Most of the history of food safety evaluation was in the domain of human experience
and judgement. Other than the senses, early scientists had few tools to determine if
substances in foods or foods themselves were hazardous for humans. Nevertheless,
the ancients were remarkable in the number of correlations between chemicals and
health that they did make. For example, the earliest record of Egyptian medicine, the
Ebers Papyrus, dated around 1500 B.C., contains information that actually extends
back many centuries before (11). Of the more than 800 recipes and formulations given,
many contained recognized poisons or herbs, such as hemlock, opium, heavy metals,
and so on.

The development of observational epidemiology and toxicology continued with
Hippocrates and his students (12). Much of their work reflected concern with the
purity of air, water, and food, and contained remarkable descriptions of the effect of
environment on public health, an issue that was addressed by a number of writers in
ancient Greece and Rome. As a result, the public water supply and sewage systems
in Rome demonstrated sound appreciation that pure water and pure food was essential
to good health.

Hippocrates is credited as the founder of modern medical science because he
related all health and disease to natural, rather than supernatural causes. About the
same time, the “Chinese Hippocrates,” Pien Chio published a treatise making the same
associations (/3). Moreover, both Hippocrates and Pien Chio recognized that there
were useful techniques to mitigate the effect of naturally occurring poisons and
adulterants by controlling absorption of toxic materials. Nevertheless, until a number
of other factors were put into place, food safety evaluation remained basically the
retrospective observation of events rather than a predictive, preventive process. More
importantly, the nature of the observational process restricted evaluation to acute toxic
phenomenon. It is difficult for people to intuitively relate a phenomenon observed
several years after an event to that event. Thus, the recognition of chronic toxic affects
also had to await the development of more sophisticated insights.

The development of the art of evaluating the safety of foods required converting
the process from observation to science. It is a long and complex history that
proceeded along four principle lines: (a) the development of the principle of the dose
response, (b) the development of the principle of test to target species prediction
(animal studies), (c) the development of analytical chemistry and its application to
foods, and (d) the development of microbiology (the demonstration that microorganisms
are a major contributor to food hazards). Two additional sub-areas have to be added
to this list. First, the development of any rational generic hazard assessment requires
a natural progression of food toxicology from a phenomenalogic, observational
science to the elucidation of mechanism. Second, the development of statistical
processes based on dose effect permitting the estimation of relative human risk.
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Dose-Response/Risk Assessment

In the middle of the 16th Century, the German chemist, Paracelsus (Philippus
Theophrastus Bombastus Von Hoenheim) wrote, “All substances are poisons, there is
none which is not a poison. The right dose differentiates a poison and aremedy.” This
aphorism articulated, for the first time, the concept of the dose response curve, the
beginning of modern toxicology and food safety evaluation. It is interesting to note
that the Paracelsus also predicted quantitative analysis. Although there is much
fantasy and mystical speculation in Paracelsus’ books, a detailed evaluation of his
work suggests that he recognized that a chemistry could be organized to quantitate the
presence of various substances in foods and other materials (I4). Nevertheless,
Paracelsus did not directly advance the science of risk assessment or regulatory
decision-making. He correctly pointed out that there is a line that divides a safe and
an unsafe dose, but he offered no criteria or insight for determining how or where to
draw the line. Nevertheless, Paracelsus was pivotal in the development of modern
science, standing between the metaphysics and magic of classic antiquity and the
emerging science of the 17th and 18th Century. In addition, to his contributions in
articulating the principle of dose response and the possibility of quantitative analysis,
Paracelsus also argued the need for experimentation in establishing responses to
chemicals. This, in itself, was remarkable in that the scholasticism of his era actively
discouraged experimentation since it might compel reevaluation of authority, i.e.,
Aristotle, Hippocrates, and Galen.

It took five further centuries, for the principles established by Paracelsus to take
their next step. In 1927, Trevan described the dose-response curve based upon the
characteristic sigmoid response of biological systems (15). As aresult, he also intro-
duced the concept of the LD-50. In 1935, Bliss established the usefulness of
expressing dosage in log rather than linear units and, subsequently demonstrated
utility of the probit, making simpler the calculations of toxic doses (16). Because of
the ease with which these approaches could be used, it is not surprising that the initial
attempts to establish tolerances for food additives were based upon quantal dose
responses and therefore largely reflected the concentration on acute toxicity rather
than longer term chronic responses. The need to consider long-term responses lead to
the recognition that the classic dose-response and its derived values, e.g. LD-50, was
not sufficient for this purpose. This, in turn, stimulated research for a more appropriate
way to express dose-response for chronic effects.

It was not until the late 1920’s when the increasing use of insecticide sprays led
to concerns over chronic ingestion of lead and arsenic from residues left on fruits and
vegetables that the need for longer term, chronic toxicity testing became evident.
These early studies were often considerably less than a lifetime. Because of a high rate
of disease and the lack of information concerning the nutritional requirements of test
animals, basic work in toxicology, particularly in the emerging fields of nutritional
toxicology, was essential for the design and performance of chronic studies. By 1949,
the FDA monograph, Procedures for the Appraisal of the Safety of Chemicals in
Foods, Drugs, and Cosmetics, effectively mandated the performance of chronic
toxicity tests for substances to be added to food (7). Questions of interpretation
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became more difficult as measurements became more sensitive. Toxicologists were
increasingly able to detect biochemical and physiological changes whose biological
and toxicological significance was unclear. The “no effect level” or NOEL became
the basic determinant of regulatory decisions.

Concern mounted over carcinogenicity and reproductive toxicology. In 1949, the
FDA monograph made no mention of carcinogenicity studies while the 1955 mono-
graph, included a separate section on carcinogenicity that contained the following
statement: “Positive results in these animal tests can be taken as creating a suspicion
that the chemical under study may be carcinogenic for man but do not prove it to be
50”(18). The 1955 monograph also recognized the difficulty in detecting weak
carcinogens. As a result, it suggested the advisability of testing in two species of
genetically appropriate animals and the importance of histological evaluation of tumor
bearing animals. By 1959, following passage of the 1958 Food Additive Amendments,
the monographs contained a separate section on carcinogen screening, and added
sections ondietary factors, the proper number of animals, the evaluation of malignancy,
and many other scientific issues to be considered in such testing (19).

By 1970, it had become clear that the traditional approach of establishing “no
effect levels” based upon chronic toxicity tests was becoming so complicated and
difficult to interpret, that the method was, for many substances, almost useless. For
carcinogens particularly, the problem of interpretation became particularly acute. In
an effort to resolve the question and to make the regulatory response to the toxicologi-
cal evaluation more rational, the development of a mathematical analytical method
seemed reasonable. The result, was the statistical risk assessment method which was
first applied by FDA in the development of its Sensitivity of Method regulations in
1973 (20).

Thus, we have proceeded from the observational epidemiology of Hippocrates
through the exposition of the dose-response relationship by Paracelsus through the
period of tolerances developed on the basis of acute toxic responses. The process
continued to evolve with the development of chronic toxicity testing and the recogni-
tion that extrapolation methods based upon the threshold concepts would not work
well with carcinogens having very low or no thresholds of response thus requiring the
use of statistical extrapolation methods to determine human hazard.

Test To Target Species — Animal Models

From this discussion of chronic toxicity testing, it is clear that the establishment of
modern food safety evaluation required, in addition to dose-response theory, the
development of appropriate animal models, i.e. the principle of test to target species
prediction. Animal experimentation was commonly practiced by ancient Greek and
Roman scientists. One could argue that many of the erroneous theories of human
anatomy and physiology were the result of attempting to inappropriately carry
observations in animals directly to humans. Animal experimentation remained
essentially ad hoc, actively discouraged in the Middle Ages, becoming acceptable in
the 18th and 19th Centuries. As aresult of the growing acceptability of animal studies,
scientists became aware of the differences in anatomy and physiology between

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch002

July 15, 2012 | http://pubs.acs.org

2. MILLER From Ancient Egypt to Ancient Washington 15

animals and humans. One consequence of this awareness was a growing distrust of
animal testing as a model for human biology. Alexander Pope’s aphorism, “the proper
study of mankind is man,” is a reflection of this view. As a result, virtually all risk
evaluation relied on human observation or actual experimentation on human subjects.
Although some testing was conducted in animals, it was regarded as unreliable and
insufficient for any final human safety determinations. In the United States, Dr.
Harvey Wiley’s early experiments on food additives were conducted on human
volunteers - the famed poison squad. Between 1902 and 1904, feeding experiments
were conducted on 12 young men using several preservatives then found in the
American food supply. It soon became clear to Dr. Wiley that studies in animals, not
humans, would have to provide the scientific basis for food safety evaluations. Before
the House Committee on Interstate and Foreign Commerce in 1906, Dr. Wiley noted
that determining the physiological effects of chemicals in human subjects was not as
easy or as straight forward as with animals. Dr. Wiley, questioned by Congressman
James D. Mann about the strength of his conclusions concerning the safety of borax,
said: “My conclusion is that the cells must have been injured, but I have no
demonstration of it because I could not kill the young men and examine their
kidneys”(21). In 1955, Arnold J. Lehman and Geoffrey Woodard quoted A. L. Tatume
on the necessity for animal studies: “People are rather unpredictable and don’t always
die when they are supposed to and don’t always recover when they should. Allin all,
we must depend heavily on laboratory experimentation for sound and controllable
basic principles”(/8).

Of course systematic epidemiological investigations, including fortuitous obser-
vations from environmental exposures, provided, in some cases, a sound basis for the
assessment of risks. The difficulty in accumulating the data made such procedures of
limited value. Moreover, they were clearly deficient as a feasible procedure for the
pre-market detection of food-borne chronic risks. Thus, the need for animal experi-
mentation was, and is, abundantly clear. Nevertheless, many of the same problems
plaguing early researchers are faced by researchers today, i.e., the philosophic and
pragmatic difficulties of translating studies in animals to man (22). Whatever else is
true, man is simply not a big rat, and as a result, erroneous conclusions can be drawn
if the differences among species is not recognized and explicitly considered in the
interpretation of test data and the development of food safety decisions.

Analytical Chemistry

The ability to detect and quantify the presence of toxic and adulterating substances in
food is an essential component of modern food safety evaluations. Although Pliny,
Galen and their contemporaries could identify gross adulteration of foods, they were
unable to detect substances at moderate or low levels, nor were they able to quantitate
their findings. The work of Paracelsus at the end of the 15th and the beginning of the
16th Century marked the beginning of quantitative analysis (I4). It was not until the
18th Century, however, that chemistry began to emerge in its modern form (23). The
German chemist, Andreas Marggraf, developed the wet method of analytical chem-
istry permitting more complex, precise, and sensitive analysis. With the work of
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Lavoisier in the latter half of the 18th Century followed by the explosion of organic
chemistry in France and Germany during the 19th Century, chemistry reached the
stage of development in which chemical theory, if well practiced, could be applied to
the special problems of assuring the safety of the food supply. In one sense, the
chemistry of food safety may be said to begin with the famous English chemist Robert
Boyle, in the second half of the 17th Century. Boyle developed new tests for food
adulteration, many based on the newly discovered principles of specific gravity. As
a result, the field of chemistry developed beyond the point of opinion based upon
uncertain tests such as burning, sight, taste, and smell, and instead relied upon
objective and reproducible criteria. When publicized, these new chemical tests lead,
in turn, to increased public concern with the safety of the food supply. Pamphlets and
newspaper articles warned about the destructive ingredients to health found in food
and drink. It is not necessary to reiterate the large number of often ingenious
techniques used by adulterers to modify food (24). Pepper, for example, had always
been adulterated by mustard husks, pea flour, and juniper berries, and so on. Tea and
spices were counterfeited on such a grand scale that special laws were passed to try and
deal with this particular problem. While most of the materials used for adulteration
were innocuous, except to the pocketbook, some were quite dangerous. Canned green
beans, for example, were often colored with copper sulfate, as was china tea. It was
not until the German-born, English chemist, Frederick Accum, published a “A
Treatise on Adulteration of Food and Culinary Poisons” that the public became fully
aware of what was already known in many legal and governmental circles (26). Accum
described in detail and at length the numerous kinds of adulteration practiced on food
and the various methods available to detect them. More important, he argued that
many of these adulterations were highly deleterious to the public health. Although
Accum himself was forced to flee England as a result of the controversy over the
publication of his book, the public had been alerted and efforts to utilize Accum’s
techniques to ensure the quality of the food supply were initiated.

The continued development of methods of analysis for the contamination of the
food supply was, in part, related to the increasing sophistication of agricultural and
food technology, and in part, to the growing conviction on the part of the public and
in the U.S. Congress that the food supply somehow was becoming less safe. In the
1940’s, with the development of electronic photometry, colorimetric analysis permitted
levels of detection and quantification in parts per thousand. By 1970, the availability
of separation techniques, such as electrophoresis and chromatography and devices
such as spectrophotometers reduced these levels to parts per million. In the 1980’s
withmass spectroscopy, electron spin resonance and soon, detection and quantification
in parts per billion became routine. Today levels two to three orders of magnitude
lower are available for many substances. In terms of detection alone, virtually any
small number of molecules can be detected and identified with modern technology.
The growth in sophistication of analytical chemistry has reached the point that the
problem is no longer in detection, but rather in determining the biological significance
of such small numbers of molecules.
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Microbiology

The final historical link in the development of food safety evaluations is microbiologi-
cal hazards. It is unfortunate that, today, discussions of food safety appear to focus
mainly on chemical safety rather than the much more important and immediate
problems of microbiological hazard. It has long been recognized by culinary
historians that microorganisms were utilized extensively by early man, in particular
for the production of beer and bread. What is not so well recognized is that, from
classical times, physicians were aware that disease could be spread by contagion and
by air-borne infection, which they generally identified with bad smells. Without
understanding the cause of disease, physicians and scientists well recognized the
association of contaminated food and outbreaks of many diseases. The Confucian
Analects speak of prohibited foods such as “sour rice, spoiled fish and flesh, bad
smelling food” and so on (13). Nevertheless, the standard of hygiene in private homes,
markets, and other places where food was prepared was extremely low. The growth
of urban centers and the need for central markets to supply the exploding population
of these developing towns and cities resulted in increasing hazard from food-borne
disease. When food safety was a function of individual households, only that
household was at risk. With the development of urban markets, whole cities were
endangered. As Tannahill described, “it the warehouses of the great food merchants,
the waste materials of slaughter houses, the refuse flung aside by stall holders in the
markets and householders, were all breeding grounds for pestilence and a haven for
the omnivorous black rat, carriers of plague carrying fleas, which, by the 13th Century,
infested most of the new towns of Europe”(25).

Some towns such as Gottingen in Central Germany enforced street cleaning
regulations from as early as 1330. Unfortunately, the refuse collected under these
circumstances, was often swept into the rivers near the towns (25). It seems likely that
the fish in these rivers were seriously contaminated and must have been potent carriers
of diseases such as dysentery, paratyphoid, and cholera. Salmonellosis and staphylo-
cocci infection also must have been wide spread. Botulinum was also epidemic,
particularly in Southern France and the Pyrenees.

Itseems clear that the association between illness and specific, contaminated foods
is probably much older than the identification of chemical food adulteration. Never-
theless, the modern history of bacterial food-borne disease is much younger and
probably can be dated to 1857 when Louis Pasteur published his germinal paper on
lactic acid fermentation (27). By 1861, Pasteur had refuted the concept of spontaneous
generation. In the process of examining these contemporary issues, Pasteur founded
the science of microbiology. Among other things, he showed how to sterilize a liquid
and how tokeep it sterile and demonstrated the importance of developing pure cultures
for research. By 1876, Robert Koch, using Pasteur’s principles, published the first
proof that a specific microorganism could cause a specific disease in an animal model.
In 1881, he published a technique for isolating pure cultures that lead to the isolation
and characterization of the causal organisms of all the major bacterial diseases known
atthe time. By 1884, he had published what has become known as Koch’s Postulates.
However, these concepts, developed by Pasteur and Koch, were not applied generally
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to the problems of food-borne disease until several decades later. The discovery by
Nicholas Appert that heat processing and vacuum packaging could preserve food for
extended periods of time lead to the development of the modern food processing
industry. From Appert’s publication at the end of the 18th Century until the end of the
19th Century, “Appertizing” was an art based upon experience and talent rather than
a science. As aresult, many containers became contaminated and exploded or were
contaminated with toxin producing pathogenic organisms. In 1897, Samuel C.
Prescott and William Lyman Underwood, published a paper in MIT’s Technology
Quarterly, which, for the first time, demonstrated that food-borne disease was a result
of microbial contamination and that heat processing resulted in the destruction of these
organisms (28). This lead to the establishment of the time-temperature relationships
necessary to ensure predictable and consistent commercial sterility of heat-processed
food. Without the work of Underwood and Prescott in applying the principles
developed first by Pasteur and later by Koch, the modern food processing industry
would never have developed when it did.

As indicated, the recognition that food spoilage could cause disease, lead to
elucidation of the scientific principles of sanitation and food sterilization. It was these
concepts that lead to the development in many countries of sanitary commissions
whose function was to establish and ensure the application of hygienic standards for
food establishments. In the United States, such regulations were developed by the
Department of Agriculture atthe end of the 19th Century. After 1906, such regulations
were incorporated under the Pure Food and Drug Act and Meat Inspection Act. Toa
significant extent, the development and implementation of these regulations were
limited by the ability of microbiology to rapidly identify the causes of food-borne
disease. Most diarrhetic diseases in the United States were reported as of “unknown
etiology” because of the inability of microbiologists to rapidly identify many patho-
genic organisms. One consequence of this deficiency was a wide-spread false sense
of security in the food industry exacerbated by an inappropriate belief that the wide-
spread use of refrigeration was an impregnable line of defense. At that time, little
knowledge of psychrophilic organisms was available. The result was over confidence
and a tendency to believe that microbiologic food-borne disease was essentially
controlled, at least in the industrialized world.

The revolution in molecular biology in the 1950’s and 1960’s caused a major
disruption of this sense of security, and more importantly, resulted in a major re-
thinking of our attitudes towards microbiological hazards. Two especially significant
papers were published which lead to a major change in the way in which microorgan-
isms could be identified. This, in turn, lead to a re-evaluation of the role of
microorganisms in food-borne disease. The first of these appeared in 1974 and
reported the use of a restriction enzyme to create a functional genetic element bearing
genes from two species of bacteria (29). This was followed in 1975 by a paper which
reported the fusion of mouse myeloma cells to produce the first functional hybridoma
(30). This was the start of hybridoma technology, the development of monoclonal
antibodies and genetic probes. These two papers, without question, lead to a
revolution in food microbiology. For the first time, it was posSible to construct
antibodies to specific strains of microorganisms and rapidly detect their presence in
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food. One result of these investigations was the recognition that the incidence of food-
borne disease in developed, industrialized countries, was much larger than anyone had
previously considered. In the U.S. for example, recent estimates indicate that as many
as 20 to 80 million cases of foodborne diarrhetic disease occur each year (37). In the
developing world, it probably represents the most important source of morbidity and
mortality, exceeding that of small pox, HIV and other better publicized pathogens. It
may be true that food-borne disease is the major factor impeding progress in the
developing world (32).

Modern Times

By the beginning of the 1980’s, virtually all of the components of modern food-safety
evaluation were in place. Nevertheless, rather than producing increased confidence
on the part of the regulator in making decisions, and increased confidence on the part
of the consumer in the safety of their food supply, the result, unfortunately, has been,
on the part of the public, increasing concern, that their food supply is unsafe, and on
the part of food safety evaluators that the solution of each set of problems simply
results in the appearance of other problems more difficult to resolve. In 1934, T. S.
Elliott, wrote in his play, The Rock, “Where is the wisdom we have lostin knowledge,
where is the knowledge we have lost in information”(33). With each step in increasing
the depth of our understanding of the chemistry and biology of food safety, we have
increased the information load to the point that we have difficulties in interpreting our
observations and making understandable the results of our interpretations. For
example, Table 1 attempts to provide a sense of the dimensions of contemporary food
safety evaluations. Ranging from acute to chronic exposure and from quantal to
quality of life parameters, it deals only with chemical safety and probably represents
an investment of a decade in time and many millions of dollars in cost.

Even with this extensive evaluation, we are still left with several problems that are
difficult toresolve. Food safety technology has been devoted primarily to determining
the hazards associated with substances added to food such as food additives, contami-
nants, pesticide residues and so on. As aresult, current protocols deal largely, but, not
exclusively, with quantal phenomenon. Only recently have we begun to consider the
impact of nonquantal phenomenon such as behavior, emotionality, physical perfor-
mance, and so on. Much more significantly, we are not confident in our ability to
evaluate the safety of foods as differentiated from food additives. Food additives are
generally used at a small fraction of the diet. As a result, protocols permit exposure
at levels 10 to 100 times the predicted exposure. Such exaggerated doses cannot be
used for foods. This issue has become of greater significance with the development of
modern gene manipulation techniques and the possible development of new species
of food plants and animals. One possible approach to the evaluation of food as
differentiated from food additives is shown in Table 2. What distinguishes this set of
requirements from those shown in Table 1 is: (a) the increasing dependence on
chemistry, (b) the need for human investigations prior to general marketing of the
material. It also puts greater emphasis on knowledge of metabolism and prediction
rather than the phenomenologic foundation of traditional toxicology.
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Table 1. Types of Toxicological Tests

. Acute tests (single exposure or dose)

A. Determination of median lethal dose (LD,
B. Acute physiological changes (blood pressure, pupil dilation,
etc.)

. Subacute tests (continuous exposure or daily doses)

Three-month duration

Two or more species (one nonrodent)

Three dose level (minimum)

Administration by intended or likely route

Health evaluation including body weights, complete physical
examination, blood chemistry, hematology, urinalysis, and
performance tests

F. Complete autopsy and histopathology on all animals

moow>

. Chronic tests (continuous exposure or daily doses)

. Two-year duration (minimum)

Two species selected for sensitivity from previous tests

Two dose levels (minimum)

. Administered by likely route of exposure

Health evaluation including body weights, complete physical
examination, blood chemistry, hematology, urinalysis, and
performance tests

F. Complete autopsy and histopathology on all animals

MY oW

. Special tests

. Carcinogenicity

Mutagenicity

Teratogenicity

. Reproduction (all aspects other than teratogenicity)
Potentiation

Skin and eye effects

. Behavioral effects

omMEmuOw>
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Table 2. Strategies for Safety Testing of Food

Chemical Analysis
(a) Known compounds
(b) Pattern recognition
In Vitro Modeling
(a) Nonmammalian systems (e.g., mutagen testing)
(b) Sequential mammalian tissue models including
modification of metabolism of standard substances
Computer simulations
(a) Activity—structure relationships
(b) Kinetic modeling
Traditional Safety Testing
(a) Impact on standard test substances
(b) Impact on stressed system
Human Studies
(a) Comparative molecular, pharacokinetics and
pharmacodynamic models
(b) Impact on standard test substances
(c) Impact on stressed systems
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Conclusions

The earliest evaluators of food safety depended almost entirely on human observation
and professional experience and judgement to reach their conclusions. Today,
although the questions we ask and the processes we use may appear to be more
sophisticated, they are fundamentally the same as those society has asked and used
from the start. The major difference however may be in the area of judgement. With
increasing uncertainty and the resultant decreased credibility in the scientific com-
munity, the role of nonscientific issues has become of greater significance in the
development of food safety regulatory policy. This is not to say that food today is
unsafe or that scientists cannot or should not use judgement in formulating their
recommendations to policy makers. Ratheritis to say that with increasing recognition
that absolute judgements or absolute safety are unattainable, more questions are being
asked about the credibility of scientists making these judgements. The result is that

" politics, economics, and social values are playing an increasingly dominant role in the

development of food safety issues. As shown in Table 3, the formal requirements for
FDA rule making as described in the Administrative Procedures Act are only a small
fraction of the statuatory issues FDA must consider in its rule making. Moreover, the
FDA must also consider an enormous number of nonstatuatory concerns as well as the
impact of the views of an extroardinary number of constituencies ranging from,
congress to foreign governments to the American people. Finally, when all is done,
the possible intervention of the courts must be considered. It is not surprising that
science appears to play a secondary role in some regulatory decisions. This is a social
and political matter of concern, for, in the end, it is only science that can bring an
objective standard to the judgement process.

Even in this respect we have come full cycle. In the earliest days of food safety
evaluations, theology, organized religion, the political administration of the rising
cities were more important in determining what was safe and what was permitted in
the market place than the opinions of scientists. What has been added to the equation
is the intrusion of the adversarial process, a strategy that is devoted more to victory
than truth. The effect of this strategy on food safety is illustrated by analogy to
contemporary political campaigns where the mud slinging pun and phrase is of greater
value than issues, facts or insight. The addiction of politicians, public interest groups,
the media and industry groups to the use of these techniques for the attainment of their
narrow goals can only result in beseiged and weakened regulatory agencies. Under
these conditions, the public can only expect the closing of the regulatory gate to
innovation and the rigid application of literally interpreted law and regulation, a
situation in which all will suffer.

It is clear, that from a historical point of view, we have come to an important
crossroads in the development of food safety evaluations. Weknow more than we ever
have about the biological process of life. It is time that we begin applying that
knowledge to the issues of mechanisms of food safety. We must now begin to remove
the distinctions among chemistry, toxicology, nutrition and microbiology - the four
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major components of the scientific evaluations of the safety of foods. We must begin
to think of an integrated, mechanistic food safety evaluative process, that will permit
generic and ultimately predictive outcomes for food safety evaluations. The problem,
if we do not develop more objective procedures and increase the credibility of the
scientific community, is that the role of nonscientific issues and the use of adversarial
tactics will become even more important than they are today. The final result can only
be decisions based upon the goals of lawyers, politicians, and economists rather than
an objective evaluation of the data and needs for the public welfare. In the end, it is

the public that will suffer.
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Chapter 3
What Is Safe Food?

Fred R. Shank and Karen L. Carson

Center for Food Safety and Applied Nutrition, U.S. Food and Drug
Administration, 200 C Street, SW, Washington, DC 20204

The American food supply is safe. The proper perspective on food safety,
however, must encompass both the latest scientific knowledge and public
perceptions. We know that the greatest long-range health risks stem from
the food choices we make, yet the focus of the media and Congress remains
on minute traces of pesticides or other contaminants that present negligible
risk. Resolving this dichotomy requires several approaches: possible
amendment of the Delaney Clause, enhanced knowledge about the com-
position of foods and the effect of dietary choices on health, and increased
reliance on Hazard Analysis Critical Control Point systems as a tool in
enhancing the safety of food. Mostimportantly, we mustdevelop effective
means of communicating to consumers the benefits and associated risks
inherent in the food supply.

In contemplating the common goal of human health shared by medical professionals
and food scientists, Dr. Samuel O. Thier, President of the National Academy of
Sciences’ (NAS) Institute of Medicine observes that “safe and nutritious food is going
to become progressively more important in the protection of health and the improve-
ment of aging, and we have to be able to coordinate our activities” (/). Although he
was speaking about coordinating efforts between medical professionals and food
scientists and technologists, efforts to achieve safe food have no bounds in the
scientific world, industry, or the community atlarge. AsDr. Thier soeloquently points
out, in the years ahead, food is going to play a vastly more important role in protecting
health and extending that health into old age.

Evidence is accumulating that dietary choices carry potential for modulating the
detrimental effect of either native or adventitious food constituents. To take full
advantage of this potential, scientists must be in a position to allow inquiring minds
free reign to investigate. Rapidly evolving technology in chemistry, biochemistry,
toxicology, and other sciences has provided the tools to translate scientific innovation
into nutritionally improved and safer foods. The exercise of those tools will continue
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to be thwarted, however, until there is a meeting of the minds, thatis, an understanding,
between political, social, and scientific sectors as to what safe food is.

The reality is that there is no answer to the question, “What is safe food?” But it
is also a reality that food is safer today than in the past and that scientific efforts will
continue to make it safer in the future.

“Safe food” is different things to different people. Consumers, presumably, have
very strictly defined expectations of “safe food”; they expect it to be risk-free—period.
They associate increased risk with increased use of added substances such as
pesticides and food additives. On the other hand, the definition endorsed by scientists,
public health officials, and international organizations is more closely linked to the
reality of food composition. These groups expect safe food to provide maximum
nutrition and quality while posing a minimal threat to public health. They don’t expect
food to be risk-free, but they do expect any risks that are present to be minimal.

These two sets of expectations are sufficiently far apart to create problems for all
segments of the food industry, broadly defined as consumers, manufacturers, regula-
tors, and other public health officials. To reach a common ground, that is, a point
where the majority of the scientific and nonscientific population share a common and
realistic view of what safe food is, will require a number of changes in the way we
currently conduct business, ranging from legislative changes to improved communi-
cation. Consumers have not, in the past, been well educated about food.

The concept of ““safe food” changes with rapidly evolving chemical, toxicological,
and biomedical sciences. As a result, what was considered “safe” yesterday may not
be satisfactory today. The lead content of the food supply provides a case in point.

Goals Change

Knowledge about the adverse effects of lead has been considerably refined over the
past two decades, primarily because of technological advances in toxicology and
expanded knowledge about the toxicology of chemical compounds in the food supply.
Concern, particularly about the health and development of young children, has been
generated by new evidence indicating that dietary lead levels thought safe several
years ago are now being shown to be toxic for infants and children. In a 1988 report
to Congress, the Agency for Toxic Substances and Disease Registry, a unit of the
federal Centers for Disease Control, concluded that there is “little or no margin of
safety” between levels of lead we now find in the blood of large segments of the
population and levels associated with toxic risk (2).

Improved science has provided the basis for reevaluating old and establishing new
threshold levels. In 1979 the Food and Drug Administration (FDA) was using a
recommended tolerable total lead intake from all sources of not more than 100 pug/day
for infants up to 6 months old and a level of not more than 150 ug/day for children from
6 months to 2 years of age (3). On the basis of toxicity data obtained in the interim,
FDA is now using a considerably lower range of 6 to 18 pg/day as a provisional tol-
erable range for lead intake from food for a 10 kg child (4).

Initiatives to reduce the level of lead in foods, such as the move to eliminate lead-
soldered seams in food cans begun in the 1970s, as well as efforts to eliminate
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leachable lead from ceramicware glazes, have resulted in a steady decline in dietary
lead intake. Food and water still contribute undesirable quantities of lead to the diet,
however. Data from FDA’s Total Diet Study indicate a reduction in mean dietary lead
intake for adult males from 95 pg/day in 1978 to 9 pg/day in the period 1986-88
(Gunderson, E., FDA, personal communication, 1990).

Reducing the contribution of dietary lead from sources such as lead-soldered cans,
ceramicware, wine from bottles with lead capsules, and dietary supplements such as
calcium is a step in the right direction, but other actions will also be needed. Use of
leaded gasoline declined markedly in response to concern about its effect on the
environment, but other environmental issues continue to pose challenges. It is
necessary to reduce the total lead burden introduced through other manufactured
products such as paints, glazes, and pipings, as well as natural sources such as lead
minerals leached into groundwater.

Thus, lead is a chemical that demonstrates that “safe” is not a static concept, but
a dynamic reflection of research and innovation in the scientific world. In the future,
we can expect the so-called “chemical safety” of food to continue to evolve.

Consumer Perceptions

Consumer perceptions about hazards in the food supply are not always synchronized
with true food safety issues. Pesticide residues were ranked as the number one serious
hazard by consumers in a 1990 survey conducted by the Food Marketing Institute (5).
Pesticides were followed by antibiotics and hormones in poultry and livestock,
irradiated foods, nitrites in food, additives and preservatives, and artificial coloring.
This ranking, which has remained the same since 1987, helps explain the tremendous
political and social attention paid to some of these perceived hazards. This ranking
does not reflect the concerns of scientists and other public health officials, the majority
of whom place microbiological hazards and natural toxicants at the top of the list.
Nevertheless, pesticides and additives are issues that scientists must consider as part
of the overall picture of food safety.

Complicating the pesticide issue is Congressional eagerness to respond to con-
sumer concerns by stressing, and thus giving credence to, those concerns by increasing
Congressional scrutiny of agency actions and demands for agency resources. In 1989,
FDA analyzed 18,113 samples in its pesticide residue surveillance program, 10,719
or 59% of which were imported (6); 99% of the domestic samples and 97% of the
import samples were not violative. The majority of the violations that did occur were
residues of approved pesticides in commodities for which the pesticides were not
registered. Although the number of samples analyzed in 1989 increased over 1988,
the violation rates for both years were similar (7).

What do all these data mean? In essence they mean that pesticide residue levels
in the food supply are generally well below Environmental Protection Agency (EPA)
tolerances. Likewise, they indicate that, generally, pesticides are being properly used.
Moreover, therelatively constant violationrate in a larger number of samples indicates
these conclusions are not happenstance.
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Nevertheless, there is continuing consumer concern about and Congressional
reaction to pesticide residues in the food supply. Essential to breaking this seemingly
never-ending circle, and the increased burdens it imposes on public health agencies,
is the accumulation of scientific information, i.e., data, on which to base decisions and
actions. Data are necessary to perform more accurate risk assessments and to provide
consumers with a clear understanding of where actual risks lie.

Better risk assessments will be essential to food safety programs in the future.
Whether the substance of concern is a pesticide residue or another contaminant such
as lead, when data are insufficient, risk assessments are often based on worst-case
assumptions. In the case of pesticide residues, for example, it may be assumed that a
particular pesticide is used on all commodities for which it is approved and that the
residue is present at its tolerance level on each of those commodities. This is a gross
overestimation of pesticide use and provides an exaggerated estimate of risk. “How-
ever, the EPA routinely uses these conservative assumptions to account for gaps in
information about actual exposure and uncertainties about health effects” according
tothe NAS 1987 publication Regulating Pesticides in Food: The Delaney Paradox (8).
Similar overestimations will probably be reported in an upcoming NAS report from
the Committee on Pesticides in Diets of Infants and Children, because specific dietary
intake data are not always available. The report is expected to be issued soon.

Worst-case scenarios will continue to play a major role in assessing risks in the
food supply until data are available to provide a more accurate view of the incidence
and quantities of these substances in the food supply.

A change in food safety legislation is essential to our further understanding of
“what safe food is.”

Legislative Changes

Current legislation governing food precludes the addition of any substance that is
found to induce cancer in man or animal. This is a zero-tolerance and is known as the
Delaney Clause. When the Delaney Clause was added to the Food, Drug, and Cosmetic
Act in 1958, zero may have been a reasonable goal for analytical chemistry and
toxicology. Today it is not. With virtually every breakthrough in methodology and
analytical technology, zero is pushed lower. Because the zero-risk standard is
unattainable, it is probably reasonable to assume that the standard is not being applied
as vigorously as it might be.

Moreover, the zero-risk requirements of the Delaney Clause have unfairly led
consumers to believe that a risk-free food supply is a real possibility. The disservice
to consumers that discussions about a pesticide-free food supply cause, by nurturing
those beliefs, cannot be overemphasized. The ethical and more realistic approach is
to talk about pesticide residues being present in the food supply within prescribed
limits, that is, below tolerances set by EPA. As surveillance and monitoring programs
are expanded to encompass a larger cross section of the raw and processed food supply,
a clearer perspective is gained on the relative risks associated with pesticide residues
and a clearer understanding that there is no such thing as “zero risk.”
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In considering the question “What is safe food?” risk concepts should not be
applied only to pesticides and heavy metals like lead. They apply equally to food
additives, to migrating packaging constituents, to potentially hazardous compounds
induced by food processing and packaging, and to naturally present toxic food
components. Allof these have the potential for introducing an elementof risk into food
or altering the risk already inherent in the food. Often the source of the risk can be
controlled or eliminated during the food production chain if the vulnerable points are
identified and control mechanisms are established.

Mechanisms for Asssuring The Safety of Food—HACCP

Hazard Analysis Critical Control Point (HACCP) is a powerful tool in economically
producing safe food of high quality. If a safe product of high quality is the goal, then
the basic system must be designed toward that end. This is what HACCP is about.

HACKCRP is essentially a critical and comprehensive analysis of individual food
production systems, from the field to the store shelf. “The HACCP system consists
of (a) determining hazards and assessing their severity and risks; (b) identifying
critical control points; (c) developing criteria for control and applying preventive/
control measures; (d) monitoring critical control points; and (e) taking immediate
action to correct the situation whenever the criteria are not met” (9).

While most contemporary discussions of HACCP dwell on microbial contamina-
tion, including the recently published voluntary seafood program of FDA and the
National Marine Fishery Service (10), the HACCP concept is appropriate for other
types of potential contamination: chemicals, insect infestation, and filth.

From FDA’s viewpoint, the HACCP system has great potential as an alternative
to traditional establishment inspection because it does not rely on endpoint inspection,
but on application of preventive measures throughout the production/distribution
system. Moreover, it ensures, and may improve, the quality of a product while
strengthening the manufacturer’s ability to continuously produce safe products. In the
seafood program currently being developed, it will be the government’s role toreview
system parameters and operating procedures, to provide selective auditing of the
system’s records, including verification by laboratory analysis, and to provide for
appropriate enforcement. Thus, a partnership of sorts is created between industry and
government with industry shouldering responsibility for the production of safe food
and government ensuring that safety.

Naturally Occurring Toxicants

Any discussion of what constitutes “safe food” cannot ignore natural toxicants,
whether inherent or induced. It is important to recognize that the macrocomponents
of the diet, particularly the fat and protein content, as well as the numerous
anticarcinogens and carcinogenic inhibitors present in our food, appear tointeract with
other dietary components to modulate carcinogenic risk. An estimated 35% of all
cancer deaths have been attributed to diet, exclusive of food additives and alcohol (11).

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch003

July 15, 2012 | http://pubs.acs.org

3. SHANK & CARSON  What Is Safe Food? 31

Although the diet is the source of natural carcinogens, mutagens, and other toxic
substances capable of exerting an adverse affect on human health (12), this statement
should not be made or received in a vacuum. It must be emphasized that dietary
choices, as well as natural predilection, play an important role in determining whether,
or to what degree, toxic substances will have an adverse affect on health. Acknowl-
edgment that the food supply does contain naturally present toxicants provides the
opportunity to expand knowledge about those substances and define their interactions
with other constituents of the diet, as well as chemical changes in foods as the result
of processing and packaging techniques. The body of information about natural
toxicants and dietary choices that may modulate the development of chronic diseases,
while growing, is in need of expansion.

Innovation and technological advances in toxicology, the biomedical sciences,
pharmacology, and the chemical sciences provide the tools to enhance understanding
of the relationships between natural compounds and detrimental or positive effects on
health, as well as how these compounds are formed. This knowledge is fundamental
if FDA is to ask the “right” questions in the search for answers about inherent food
safety and dietary interactions.

Positive Use of Natural Components—Designer Foods

Another aspect of food safety that is attracting more attention pertains to those
components of food which have the potential to modulate carcinogenesis, as well as
other disease conditions. Major research programs, designed with this goal in mind,
are under way to examine the relationships between components of foods and disease
conditions. The National Cancer Institute’s program on “designer foods” is a good
example. This is a $50 million program to test the anticarcinogenic properties of
phytochemicals. Substances being tested include concentrations of the active compo-
nents of garlic, flax seed, citrus fruit, and licorice root.

A transition is occurring in the perception of “nutrition.” A few years ago, nutrition
was essentially the interrelationship of nutrient intake with growth, health mainte-
nance, and prevention of deficiency diseases. Today, the concept of nutrition has
evolved to recognize the relationships of food components, often not nutritive, as
causative agents of chronic diseases, such as cardiovascular disease and cancer, and
we are on the edge of discovering more about how and what food components prevent
chronic diseases and are even potential treatments of those conditions (/). This is a
radical change in perspective.

As the body of research on naturally occurring food components reveals the
potential for their use in combatting the onset of certain disease conditions, the
potential for abusing the use of those substances through over-supplementation
increases. Some naturally occurring food components with anticarcinogenic activity
at one concentration themselves become toxic at greater concentrations, and often the
safe zone between toxic and beneficial is very small; both selenium (13) and vitamin
A (14) are notable examples. Both have shown anticarcinogenic activity at low intake
levels, but are toxic at higher intakes (13, 15). More and more frequently dietary
guidelines advise higher consumption of specific foods, such as broccoli and other
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cruciferous vegetables, for the benefits of their naturally present constituents in
modulating the onset of disease conditions.

Risk Communication

Changing from a zero-risk legislative standard and providing information about
pesticide residues, natural toxicants, and designer foods present some real challenges
in consumer communication.

Risk communication makes the link between scientific decisions and the con-
sumer. The interrelated issues of risk, public policy, and risk communication are of
paramount importance to educating the public about their food supply.

Successful risk communication hinges on an educated public. Consumers must
understand the many facets of the food safety issue in order for actions—both by
consumers and by government—to be reasonable. This in no way should be construed
as saying that FDA is shirking its responsibilities to consumers or any other group. The
development and use of techniques to reduce to the lowest levels possible, or
eliminate, those potential hazards in the food supply that can be eliminated or reduced
is a realistic goal. FDA will continue to strenuously enforce the law and ensure the
safety of the food supply, as it has in the past, in pursuit of that goal. The exercise of
that responsibility would be eased, however, by a more enlightened consumer
population.

Consumers must be approached from their perspective. Most important is trans-
lating scientific data and information about food safety into terms people can
understand, so they can assimilate this information into the personal information bank
they use to make selections and decisions geared to their individual health needs or
desires. If scientists cannot translate the science behind the decisions they make and
the actions taken or not taken, then those sciences—food chemistry, food engineering,
food technology, or whatever science—are being practiced largely for the scientists’
own benefit.

According to Dr. Thier, this is not a situation peculiar to food science. He fears
that “... food scientists and technologists are doing the same thing in the nutrition area
that we have done in the health area. We have become so excited about our biology
that we have forgotten that biology poorly translated into changes in behavior is
biology that is wasted to a great extent” ().

Thus, no matter how many elegantly engineered new food products or chemically
generated new ingredients are created with the consumer’s health in mind, if they don’t
understand why scientists are not targeting their efforts to rapidly reduce levels of
consumer-perceivedrisks, such as pesticides and food additives, from the food supply,
all other efforts are for nought.

Conclusion
The question remains, “What is safe food?” Today’s answer isn’t necessarily

tomorrow’s answer, nor should it be if we are to strive for scientific and technological
progress. The definition of “safe food” must reflect the technological advances in the
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multitude of sciences that underlie the production of safe food. Ways of ensuring the
safety of the food supply and of delivering information to put relative risks into
perspective must be a continual search. Legislative changes that bolster the concept
of “safe food” rather than zero-risk food must be championed. As research on natural
toxicants and natural substances that modulate the detrimental effects of those
toxicants increases over the next few years, the concept of “safe food” will change.

There is clearly an important role for chemists and chemical engineers to play in
ensuring the continued safety of the food supply. Active participation in the public
arena, offering an experienced voice on the many issues concerning food safety, is a
highly important role. By background and training, chemists and chemical engineers
are uniquely qualified to analyze and interpret, in an unbiased manner, the issues
concerning food safety. Those with the unique communication talents needed to
convey risk information to consumers are essential to a realistic perception of the food
supply. Development of biodegradable packaging materials, recycling techniques,
and new food chemistry safety tests for use on-line in manufacturing plants are
important elements of the “safe food” picture in the future.

To sum up, the issues surrounding the concept of safe food are complex, and they
are becoming even more so as environmental concerns increase. The food supply is
safer now than ever before. Chemists and chemical engineers play a vital role;
however, food safety requires the cooperation of all disciplines and all segments of the
food science community—industry, government, academia, and other professional
groups—in scientific endeavors and in effective communication. Only in this way can
the technological advances be made that will allow us to identify and solve the issues
of today and the future.
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Chapter 4
Risk—Benefit Perception

Michael W. Pariza

Food Research Institute, Department of Food Microbiology and Toxicology,
University of Wisconsin, Madison, WI 53706

The results of laboratory studies on how experts and non-experts view risks are
summarized. The concepts of “risk assessment” and “risk perception” are
defined and discussed. Various aspects of food safety are considered from the
standpoint of risk assessment versus risk perception.

Detecting and responding to potentially deleterious environmental conditions is an
essential attribute of living systems. Inlower organisms such response takes the form
of instinctual reactions which may be appropriate in certain situations but not others.
For example, when deprived of food rodents will instinctively run, presumably in
search of new food sources. While such activity may be well suited to natural settings,
it is hardly appropriate in situations where the animal is confined to a cage but given
access to arunning wheel. Under such conditions, in the absence of food, rats will not
conserve energy by remaining inactive but rather will run themselves to death, literally
).

By contrast, humans have the capacity to tailor their response to a perceived risk,
and even to alter the environment rather than simply respond to it. The key, of course,
is understanding the nature of the potential risk so that the response is appropriate.

Risk Perception versus Risk Assessment

Experts and laymen tend to view risks differently (2). Experts give great weight to
technical considerations and statistical probabilities, a process called “risk assess-
ment”. Laymen, by contrast, rely onintuitive judgments, referred to as “risk perception”.
Laboratory research has shown that non-expert judgement is shaped by a lack of
understanding of probabilistic processes, the inability to recognize biased media
coverage, misleading personal experiences, and the anxieties of living in a complex
world (2). The resultis faulty judgement which can work in both directions, sometimes
overestimating, sometimes underestimating, the true magnitude of the risk in ques-
tion. It’s worth noting here that experts, when dealing with matters outside the areas
of their expertise, are just as prone to biased judgement as the general public.

0097—-6156/92/0484—0036$06.00/0
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Much has been written about why non-experts respond the way they do (2). For
example, one of the worst cases is the perception by many of the risks of nuclear power,
described as unknown, dread, uncontrollable, inequitable, catastrophic, and likely to
adversely affect future generations. Indeed, it’s hard to imagine more fearsome
descriptors. On the other hand, automobile accidents are viewed more favorably. It
may seem to a casual observer that many of the same descriptors used for nuclear
power risks are applicable to automobile accident risks, but experts in the psychology
of risk perception say that familiarity and choice (or lack thereof) are important
factors. Hence the familiarrisk one chooses to take (driving or riding in an automobile)
seems less threatening than the unfamiliar risk one seemingly has no control over (a
nuclear reactor malfunction).

Another important consideration is the issue of risk being used as a surrogate for
other concerns, particularly its use in trying to achieve certain social or political
objectives. In such circumstances, the entire discussion of risk becomes irrelevant and
should be recognized as such.

Food Safety: The Expert View

The expert view of food safety is reflected in the ranking developed by the United
States Food and Drug Administration (FDA) (Table 1) (3). According tothe FDA, the
most important food safety considerations are microbial contamination and nutritional
imbalance. Environmental contaminants, naturally-occurring toxicants, pesticide
residues, and food additives are far less significant. These conclusions— these risk
assessments— are based on the usual things that go into expert judgments, that is,
technical considerations relating to the scientific nature of the risk in question (for
example, what is known about pathogenic food-borne microorganisms and their
toxins; under what conditions do specific pathogens grow and produce toxins), and
statistical probabilities (for example, the probability that a food will be contaminated
with a dangerous microorganism or microbial toxin; the probability that someone
eating the food will become ill; the probability that serious illness or death will result).
For numbers 1 and 2 in Table 1, the risk assessment exercise is straightforward. There
is little doubt that people are made ill through encounters with microbial pathogens (4)

Table 1. U.S. Food and Drug Administration
Ranking of Food Safety Issues

Contamination by Microbial Pathogens
Nutritional Imbalance

Environmental Contaminants
Naturally-occurring Toxicants
Pesticide Residues

Food Additives

QNN

Source: Reference 3.
Note: Of these issues, numbers 1 and 2 are by far the

most important.
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or by adopting unhealthy dietary habits (5,6). However, assessments of the risks for
items 3-6 are based mostly on extrapolations from high-dose animal experiments to
human experience, where harm cannot be objectively demonstrated. Hence the risks
are theoretical in nature.

Food Safety: The Public Perception

Consumer surveys show that the public views this area differently. For example,
according to a poll conducted by the Seattle Times (7), 57% of the respondents were
“very concerned” about pesticides in food, and another 27% “somewhat concerned”.
For food additives, 48% were “very concerned” and 39% “somewhat concerned”.
Sixty percent were “very concerned” about seafood pollutants, 26% “somewhat
concerned”.

Concerns about microbial contamination in general were not probed, but in
response to a specific question about salmonella in poultry, 59% indicated that they
were “very concerned”, 23% “somewhat concerned”. Nutritional considerations were
not mentioned.

Exaggerated concern about the health risks of food additives and pesticides is, of
course, not limited to the U.S. populace. Sato (8) reports that the majority of Japanese
consumers think these substances are major causes of cancer, more important than
cigarette smoking.

Persons with scientific expertise in food safety may find these consumer poll
results distressing. Why does the public respond like this? The answer, of course, lies
in what risk perception specialists have been telling us (2). When one is not familiar
with the technical intricacies of an issue—in other words, when one is not “expert”—
then intuitive judgments become dominant. Intuitive judgments, in turn, are shaped
by a variety of factors many of which have little or nothing todo with logic or deductive
reasoning.

Having said this, I’ll now discuss the FDA’s ranking of food safety issues (Table
1) in terms of where I think the public is coming from, and how things got this way.
Ifreely admit that the views are speculations, personal opinions that are as yet untested
scientifically.

Risks versus Benefits

Microbial contamination is the top issue on the FDA’s list, and as discussed previously
this based on the measurable incidence of food borne illness in the U.S. In general,
this is not a new issue for the public. Most people have heard about food poisoning
dangers, some have even had personal experience with it. In general they recognize
the importance of using common sense when preparing food, and probably reward the
appearance of cleanliness when selecting a restaurant. Hence food borne illness is a
familiar issue with at least an element of choice associated with it. Certain aspects, like
salmonella in poultry, may appear to be new, unfamiliar, and caused by negligence,
but in general, when asked about food safety concerns, dangerous microorganisms are

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch004

July 15, 2012 | http://pubs.acs.org

4. PARIZA  Risk—Benefit Perception 39

unlikely to spring to mind. Like getting into an automobile, microbial contamination
does not seem so dangerous.

‘What about nutritional imbalance? This is number two on the FDA’s list, because
there are real problems associated with adhering to poor dietary advice. Obesity, at
least in part diet-related, is also an important area of health concern (5). My guess is
that the public does not recognize this as a food safety problem at all, and in a sense
this conclusion is correct. In the U.S., nutritional imbalance is a matter of choice.
People choose to eat inadequate diets, and sometimes even think there are benefits to
be gained from such diets. Since it’s a matter of choice based in part on the perception
of benefit, nutritional imbalance is probably even less likely to cause concern than the
automobile ride.

On to number 3 (Table 1), which for the purposes of this discussion will be linked
with numbers 5 and 6. From the public’s perspective, we’re now getting on thin ice.
Contamination, pesticides, food additives— these are strange unknown quantities that
involve very little choice, and they certainly get plenty of bad press to boot. To make
matters worse, the benefit side of the equation is murky. Is contamination really an
unavoidable byproduct of civilization, they ask. Do wereally need pesticides and food
additives? There are plenty of voices which for a variety of reason are more than
willing to provide simple, reassuring answers. Yes, we can completely avoid
contamination, they say. No, we don’t need pesticides or food additives— these are
just part of a chemical-agricultural industry conspiracy. Indeed, the Natural Re-
sources Defense Council has gone so far as to criticize the University of California
system for suggesting that food prices will go up if pesticides are banned (9).

Misplaced emphasis is liable to directly affect number 4 (Table 1), naturally-
occurring toxicants. Rightnow the public doesn’t seem too concerned about this topic,
perhaps because it’s seen as being tangled up with natural, said by activists and
advertisers alike to be good. But even if they are not so good, naturally-occurring
toxicants are unavoidable products of nature, not malevolent byproducts of human
activity.

The problem is that this may change as a result of pressures to reduce or eliminate
pesticides, coupled with resistance to biotechnology. Traditional plant breeding
techniques can be used to enhance insect resistance by increasing the levels of
naturally-occurring toxicants (10). For example, a variety of insect resistant celery
was introduced into commerce which exhibited sharply elevated levels of psoralins
(psoralins are both mutagenic in bacteria and carcinogenic in laboratory animals) (7).

Biotechnology can be used to introduce host specific insecticides, such as the toxin
from Bacillus thuringiensis, which affects only certain species of insects (/10). But
again, many members of the public may conclude that traditional breeding is safer than
biotechnology simply because of familiarity.

Conclusions
There is obviously a vast gulf between expert and non-expert opinion on the subject

of food safety. We can study it, we can try to understand it. Doing something that will
change it is the real challenge.
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Chapter 5

Toxicological Evaluation of Genetically
Engineered Plant Pesticides

Potential Data Requirements of the U.S. Environmental
Protection Agency

J. Thomas McClintock, Roy D. Sjoblad, and Reto Engler

Office of Pesticide Programs, Health Effects Division, U.S. Environmental
Protection Agency, Washington, DC 20460

Many of the genetically engineered plant pesticides developed to date are
rapidly approaching the stage in development where the next phase willinclude
large-scale field testing, evaluation under FIFRA, and clearance for direct/
indirect human consumption under FFDCA. Mammalian toxicological data
requirements for safety evaluation should be based on the nature of the specific
products arising from the newly introduced genetic material and the expected
routes of significant human exposure. For example, minimum data require-
ments might be required on a food plant genetically engineered to synthesize
only a single pesticidal protein known to be non-toxic to humans. A more
complex scheme of studies might be required for transgenic plants in which
major metabolic pathways have been affected to produce non-proteinaceous
pesticide products.

Since the early 1980’s, the introduction and expression of chimeric genes in plant cells
has been possible, especially through the use of Agrobacterium-mediated transfor-
mation. Such technology has been used to genetically engineer plants to express
pesticidal substances. The most important or recognized examples involve transgenic
plants engineered to confer insect resistance (Bacillus thuringiensis delta-endotoxin)
and tolerance to viral infections (tomato and tobacco mosaic virus). Such transgenic
plants have been evaluated under greenhouse conditions and in small-scale field tests
which have shown promising results.

In a cooperative review process established in 1986 with the U.S. Department of
Agriculture’s Animal and Plant Health Inspection Service (USDA/APHIS), EPA’s
Office of Pesticide Programs (OPP) has reviewed 46 small-scale transgenic plant field
test notifications involving 9 different crops and 14 distinct pesticidal genes mostly
from bacteria and plant viruses. Common to all of these small-scale field tests have
been (i) the total acreage (generally less than 2 acres), (ii) the provisions of contain-
ment, whereby the test site is adequately confined and monitored to prevent or
minimize dissemination of transgenic pollen or plant parts, and (iii) crop destruction
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so that following research purposes the food or feed crop does not enter commerce. It
should be emphasized that to date no adverse effects have been noted.

Research efforts on transgenic plants have focused on food or feed crops which
have been engineered to incorporate or produce pesticidal substances not occurring
naturally in the plant. OPP has been coordinating the issues concerning transgenic
plants as they might be regulated under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) which requires the registration of all pesticides prior to their
sale, distribution and use. In addition, OPP administers certain portions of the Federal
Food, Drug, and Cosmetic Act (FFDCA) that pertain to pesticidal residues in food and
feed including establishment of tolerances or an exemption from the requirement for
a tolerance for pesticide substances or residues in foods. Many of the genetically
engineered plant pesticides developed to date are rapidly approaching the stage in
development where the next phase will include large-scale field testing. The Agency’s
policy on regulatory oversight of transgenic plant pesticides is currently under
development, and, the progression to commercial use of transgenic plant pesticides
will likely involve regulatory responsibilities for OPP consistent with FIFRA over-
sight of pesticides.

For the purposes of scientific discussion and to ensure clarity, several key terms
should be defined. Under FIFRA, a pesticide is legally defined as “...any substance
or mixture of substances intended for preventing, destroying, repelling, or mitigating
any pest, or intended for use as a plant regulator, defoliant, or desiccant...” OPP has
adopted a working definition of “transgenic plant pesticides” to include those plants
genetically altered via the introduction of genetic material for the purpose of imparting
or increasing the production of a pesticide. The “pesticide active ingredient” is the
pesticidal substance(s) produced from, or modified as a result of the direct introduc-
tion of genetic material. The “pesticidal product” includes the active ingredient and
any substance(s) directly produced from, or modified as a result of the introduction of
genetic material. The appropriate focus for human toxicity evaluation is on the
“pesticidal product” including the “active ingredient." Other information, as de-
scribed below, is needed to effectively evaluate potential risks associated with human
exposure.

For product assessment, OPP has divided the pesticidal active ingredient into two
categories: proteinaceous pesticides and nonproteinaceous pesticides. This approach
is based on the fact that plant proteins, whether characterized or not, are significant
components of human diets and are susceptible to acid and enzymatic digestion to
amino acids prior to assimilation. Presuming that the new proteinaceous products are
adequately characterized, minimum human health concerns would exist unless (i) the
proteins have been implicated in mammalian toxicity; (ii) exposure to the protein,
although never implicated in mammalian toxicity through the different routes of
exposure, has not been documented, or (iii) “novel” proteins are created via modifi-
cation of the primary structure of the natural protein pesticide. Nonproteinaceous
plant pesticides (none of which have yet been submitted for review) may be evaluated
separately or in a manner analogous to that for conventional chemical or biochemical
pesticides.
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The purpose of this chapter is to set forth potential data and information
appropriate to the evaluation of human health risks associated with the wide-spread
use and distribution of transgenic plants modified to produce new pesticidal products.
The fundamental information necessary to evaluate such products would comprise a
thorough description of the source and nature of the inserted genes or gene segments,
and a description of the novel proteins encoded for by the genetic material. Presuming
that the encoded proteins have been characterized adequately, this information would
allow for a reasonable prediction of toxicology issues and for the type of data essential
to the evaluation of potential risks. If the function of the inserted genetic material is
to alter the level of an endogenous pesticidal component, then a characterization and
description of these substances would be essential for risk evaluation.

Product Characterization

Product characterization embraces four basic areas: (i) identification of the donor
organism(s) and the gene sequence(s) to be inserted into the recipient plant; (ii)
identification and description of the vector or delivery system used to move the gene
into the recipient plant; (iii) identification of the recipient organism, including
information on the insertion of the gene sequence; and (iv) data and information on the
level of expression of the inserted gene sequence. This information is critical for
assessing potential risks to humans and domestic animals when exposed to pesticide-
containing plants. Potential data/information that OPP feels is necessary for a risk
evaluation are listed below. It should be noted that since the establishment of the
cooperative review process with USDA/APHIS in 1986, the utility of this informa-
tion/data has evolved from the first notification and has been included in many, if not
all of the submissions reviewed by OPP.

Source of Pesticidal Genetic Material

1. Identity of the donor organism(s) using the most sensitive and specific methods
available.

2. Identity of the pesticidal genetic material including a description of any modifica-
tion to the regulatory or control region of the gene(s).

Pesticide Products

1. Identity and characterization of the protein/peptides encoded by the inserted
genetic material.

2. Identity and characterization of the non-proteinaceous active pesticidal ingredi-
ents resulting directly from the introduction of the genetic material.

Vector System

1. A description of the vectors, the identity of the organisms used for the cloning of
vectors, and a description of the methodologies used for the assembly of all
vectors. The description should include size (kilobase), appropriate restriction
endonuclease sites, location and function of all relevant gene segments, all
modifications [e.g. restriction site alteration(s), deletions of transposition func-
tion, disarming of Ti plasmid] and the final delivery system.
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2. A description of the gene segment(s) transferred to the plant.

Recipient Plant

1. Identity and taxonomy of recipient plant, to cultivar and line, if cultivated, or
variety, if not cultivated.

2. A description of significant characteristics or traits, including i) any previous
genetic (transgenic) alterations; ii) life cycle; iii) mode of reproduction and
dissemination; and iv) geographical distribution.

3. Adescription of the methods used to delivery the gene sequence(s) to the plant and
confirmation of the insertion of this genetic material into the recipient plant.

Gene Expression in the Plant

1. A description of whether the inserted genes are expressed constitutively or if the
genes are inducible; localization and expression in plant parts; and an estimation
of the number of gene copies.

2. Gene expression during the plant’s life cycle.

Product Analysis and Residue Chemistry.

1. The proposed mode of action of the pesticidal product.

2. Concentration of pesticidal product in the plant and plant parts and analytical
method(s) used for quantification.

3. If known, the potential for translocation of the pesticide products in the plant.

Physical and Chemical Properties. In the event that the genetic manipulation is for
the purpose of producing de novo non-proteinaceous products, data or information on
physical or chemical properties of the pesticidal material may be relevant for risk
assessment.

Toxicology

The information obtained from the product characterization data can be used to
establish the level of mammalian toxicology data necessary to determine the potential
risks associated with human and domestic animal exposure to transgenic plant
pesticide products. Key factors determining the extent of data requirements would
include the nature of the pesticidal product (i.e. proteinaceous or nonproteinaceous)
and whether or not the use pattern will result in dietary and/or nondietary exposure.
To illustrate this point, three major categories of transgenic plants have been delin-
eated. The first category (Category I) includes plants genetically engineered to
contain genes or gene segments that produce a new proteinaceous substance(s) as the
active ingredient. For example, plants which have been engineered to contain the
delta-endotoxin gene from B. thuringiensis would be considered in this category since
the proteinaceous toxin is the active ingredient. The second category (Category II)
includes those plants engineered such that the function of the inserted genetic material
alters the level of an endogenous pesticidal ingredient. In this instance, the pesticidal
ingredient may or may not be proteinaceous. Examples would include plants
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engineered to contain a secondary metabolite from another plant, an intrinsic com-
pound with increased synthesis, or a totally synthetic gene of non-biological origin
producing a pesticidal compound. The final category (Category III) includes those
plants engineered such that the plant produces de novo a nonproteinaceous pesticide.

The oral route is expected to be the predominant route of exposure to food or feed
crops engineered to express pesticidal properties. Forall food or feed plants producing
proteinaceous pesticidal ingredients (i.e. Categories I and/or IT) mammalian toxicity
could be assessed by acute oral studies (Tablel). The requirement for dermal
irritation/toxicity might be met by reporting of any observed dermal toxicity or
irritation effects, or after adverse reactions from skin contact during the manufacturing
process or during applicator exposure. Reporting of dermal toxicity and/or irritation
effects also may be sufficient for non-food use, but may depend on the extent of
exposure from handling.

For plants that are genetically engineered to produce nonproteinaceous pesticidal
components (i.e. Categories II and/or III) and are intended to be used as a food or feed
source, the oral route again would be expected as the primary route of exposure (Table
1). The potential toxicity of the pesticidal products could be assessed by oral toxicity
studies (acute, subchronic, chronic or other feeding studies). If plants in Categories
IT and III are engineered to produce volatile pesticide components, pulmonary
exposure might be significant, irrespective of whether there is a food use. Dermal
exposure to nonproteinaceous products in Category II and III plants for food/feed or
nonfood/nonfeed use may be limited to the reporting of dermal toxicity and/or
irritation effects.

The limited routes of significant exposure to transgenic plant pesticide products
should simplify the appropriate toxicology testing. Based on the information outlined
above, the mammalian toxicity studies for proteinaceous pesticide products, in
general, would be less than that anticipated for nonproteinaceous pesticides. Again,
this approach is based on the fact that plant proteins are susceptible to acid and
enzymatic digestion to amino acids prior to assimilation. However, the basic
framework for analyzing potential toxicological issues and/or risks relies to a great
extent on the product characterization data and information. Table 2 provides a
summary of the data and information that would be relevant to the evaluation of
transgenic plants expressing pesticidal properties.

Additional Issues and Concerns

In 1988, the International Food Biotechnology Council (IFBC) was organized to
develop criteria and procedures to evaluate the safety of foods produced through
genetic modification. The scope of the IFBC included transgenic plants as a major
category of food products derived from genetic engineering. The final IFBC report
identified specific concerns which included the use of antibiotic resistance markers in
transgenic plants and the potential for gene transfer (/). IFBC emphasized that the
safety of the expression product of a new gene or gene segments should be the focus
of concern when evaluating transgenic plants.
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Table 1. Potential Mammalian Toxicology Requirements

FOOD SAFETY ASSESSMENT

Plant Category Use Data Requirements

Category I and II (Proteinaceous Products Only)
Food Acute Oral Studies; Reporting of Ob-

served Dermal Toxicology or Irritation
Effects

Non-Food Reporting of Observed Dermal Toxicol-
ogy or Irritation Effects

Category II and I (Nonproteinaceous Products)

Food Oral Studies (Acute, Subchronic,
Chronic Feeding or Other Studies);
Reporting of Observed Dermal Toxicol-
ogy/Irritation Effects; Pulmonary
Studies?

Non-Food Reporting of Observed Dermal Toxicity
or Irritation Effects; Pulmonary Studies3

a Only if the pesticidal product components in the plant are volatile.

Table 2. Summary of Data and Information Necessary for the Evaluation of
Transgenic Plants Expressing Pesticidal Properties

Proteinaceous Nonproteinaceous
Discipline Food Nonfoodd Food  Nonfood®
Product Characterization X X X X
Human Exposure
Oral X (0] X (0]
Pulmonary 0] 0 Xb Xb
Dermal (0] (0] (0] (0]

X - Data and information is necessary

O - Data and information not needed

aMembers of this category may include certain engineered food/feed plants whose
pesticidal products and intentionally added inerts have been demonstrated not to occur
in edible portions of the plant or the plant is not used for food or feed.

bOnly if the pesticidal product components in the plant are volatile.
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As defined above, the pesticide product expressed by the transgenic plant includes
not only the active ingredient but any substance(s) directly produced from the
introduction of genetic material. In all submissions reviewed by OPP to date, such
inserted sequences have included the gene encoding the pesticidal active ingredient
and an antibiotic resistance marker gene. Consequently, the use of antibiotic markers
and their products has raised some concerns regarding human health.

The major concern has focused on the probability of antibiotic resistance gene
transfer from the transgenic plant to animals and/or microorganisms and the potential
of creating resistance in humans to medically important antibiotics upon chronic
exposure to low levels of antibiotics. The probability of such a transfer would be a
function of the mobility of the portion of the genome in which the inserted gene resides.
If gene transfer occurred, whereby plant DNA was incorporated into bacterial cells,
the novel DNA sequence would not be recognized by the recipient host unless specific
transcriptional signals were in place. To date, the Agrobacterium-mediated plant
constructs have demonstrated permanent and stable incorporation of the marker gene
into the genome of plants and would not be transferred by any known biological
mechanism (2). In any event, current research has focused on the use of alternative
marker genes which include: bioluminescence (/ux), color reaction (lac ZY), the use
of gene probes to specific gene sequences, and herbicide resistance.

Summary

This chapter sets forth potential data and information appropriate to the evaluation of human
health risks associated with the wide-spread use and distribution of transgenic plants
modified to produce new pesticidal products. The fundamental information necessary to
evaluate such products should comprise a detailed description of the inserted genetic
material, the nature of the specific products arising from the newly introduced genetic
material, and whether or not the use pattern results in dietary or nondietary exposure. This
information should allow for a reasonable prediction of toxicology issues and the type of
data and information relevant for a human health risk assessment.

Since the establishment of the cooperative review process with USDA/APHIS, most of
the product characterization data and information has been included in the submissions
reviewed by OPP. At this time specific requirements for mammalian toxicity studies have
not been established; however, the information outlined above should provide the useful
scientific framework for establishing appropriate data requirements. In addition, OPP’s
regulatory policy with respect to transgenic pesticidal plants is currently being developed.
The process of formalizing product identity/characterization and toxicology data require-
ments will involve public participation and comments; peer review from outside scientists;
and responses to public and peer review comments.
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Chapter 6
Evaluating Pesticide Residues and Food Safety

Henry B. Chin

National Food Processors Association, 6363 Clark Avenue,
Dublin, CA 94568

The United States without a doubt has the world’s most abundant and safe food supply.
The plenty which graces American dinner tables is the envy most of the world. This
largess is made possible by fertile soil and modern agricultural practices which have
included the use of pesticides. Unfortunately, this largess is not without its price. Real
or perceived questions of food safety as a result of the possible presence of pesticide
residues foods have been posed with increasing vociferousness in recent years. In the
ranking of the general public’s concerns, adverse health effects as the result of
pesticide residues in the diet ranks near the top. Yet, most scientific experts (/) rank
food safety and pesticide residues, low on the list of concerns. More pressing and
significant are health problems relate to food consumption patterns, i.e., amount and
types of foods consumed, and food borne pathogenic microorganisms (2).

It is not the purpose of this chapter to provide a detailed analysis of the mechanics
of risk assessment as they related to food safety and pesticide residues. Others are
more expert at the evaluation of potency and the rationales involved in various
mathematical models. Rather the purpose of this paper is to discuss food safety and
pesticide residues in general terms by examining the components of the risk assess-
ment process and attempting to relate this analysis to some more general observations
related to food safety.

In the course of this analysis we will examine the individual technical elements,
i.e., the analytical data on residues, food consumption information and the toxicologi-
cal data which have played a role in the food safety debate.

The evaluation of pesticide residues in food safety is based upon the estimation of
potency of the residue and the estimation of the exposure. The exposure estimate is
in turn derived from estimates of the level of the residue in various foods and the likely
consumption of food containing those residues.

Exposure estimates for people in occupational settings are fairly straight forward.
Workers can be fitted with various kinds of monitors to determine their actual
exposure or exposures can be fairly accurately estimated using environmental moni-
tors. The relative success which researchers have had in predicting occupational
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diseases can be at least partially attributable to the ability to measure and/or predict
exposure fairly accurately.

In contrast dietary exposures are extremely difficult to estimate with accuracy. It
is obviously impractical to monitor the daily diet of a sufficiently large population
group to get details on portion sizes and foods eaten on an ongoing basis. It is even
less feasible to analyze portions of the meal to obtain actual residue data on that diet.

Level of Pesticide Residues in the Diet

It is frequently said that analytical chemists can find decreasingly smaller amounts of
chemicals, suggesting that safety concerns have arisen because of increased knowl-
edge of the composition of foods. Butrealistically, analytical chemistry hashad a very
tough time keeping up with the food safety debate. Table I shows the calculated levels
of significance of some chemicals along with estimated analytical detection limits.
Clearly, analytical science is hard pressed to keep up with the potency extrapolations
from animal studies. It seems that in many situations the level of significance is below
our ability to detect that chemical. Thus, in many situations analytical chemistry
cannot, by itself, provide unqualified assurance about the lack of risk. Just because
something isn’t detected, is not sufficient, for the needs of the risk assessor, to draw
the conclusion that a risk does not exist. The reasonableness of this situation will be
discussed later, but this causes many assumptions and compromises in the use of data
which tend to exaggerate the risk.

Table I. Comparison of No Significant Risk Levels and Method Detection
Limits (MDL) (mcg./L in Drinking Water)

Chemical No Significant Risk Level ~ MDL
Benzidine (and its salts) 0.0015 0.08
N-Nitrosodi-n-butylamine 0.05 10
N-Nitrosodiethylamine 0.01 10
N-Nitrosodimethylamine 0.015 10
2,3,7,8-Tetrachloro-dibenzo-

para-dioxin (TCDD) 0.0000025 0.00044

Source: Yi Y. Wang. “Evaluation of Analytical Methods in Water for the
Chemicals Listed Under the California Safe Drinking Water and Toxic Enforce-
ment Act of 1986 (Proposition 65),” California State Department of Health
Services.

The data from most surveys of pesticide residues in foods show that residue levels are
not distributed in a statistically uniform manner about a mean value. Typically 70 to
100 % of the samples which are analyzed contain no detectable residues. Thus, the
appearance of the curve which describes the concentration and frequency of occur-
rence of residue levels in foods is greatly affected by the analytical method. For the
purposes of risk assessment, rather than assume that the residue level in samples with
no detectable residues is zero, a value equivalent to one-half of the limit of quantifi-
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cation (LOQ) is often assigned to samples containing no detectable residues. Figures
1 and 2 compare a hypothetical situation where 90% of the samples analyzed contained
no detectable residues of a certain pesticide. In Figure 1 the LOQ is 0.1 ppm, which
is not unusual for data collected for surveillance purposes. Since most tolerances are
greater than 0.1 ppm, it would not be unusual for analysts to use 0.1 ppm as a cut-off
value for the reporting of data. In Figure 2 the LOQ is 0.01 ppm, which more closely
represents the current state of the analytical art. The comparison assumes that the
portion of the samples containing no detectable residues is the same. The “true”
amount of residue in these samples is zero, a value which cannot be measured
analytically. As will be discussed later, these zero values can in many instances be
independently assigned on the basis of pesticide application reports.

An alternate way of depicting the influence of the limit of quantification (LOQ) on
the calculated mean residue level is shown in Figure 3 where the calculated mean
residue level is plotted versus LOQ for the hypothetical situation where 90% of the
samples had no detectable levels of a residue. In this example the mean residue level
of the 10% of the samples with detectable residues is 1 ppm. In this example, the
calculated mean residue level decreases by approximately 40% as the LOQ decreases
by 90%.

These examples illustrate that the LOQ must be the lowest feasible in order to
produce risk estimates which are not artificially elevated.

Surveillance data, with its typically high detection or quantification limits, is an
excellent means of determining compliance with agricultural regulations but that the
data, if used for doing risk assessment, could be a source of grossly overestimated
concerns about the safety of pesticide residues in the diet. Analytical data for risk
assessment purposes should properly be derived only from surveys which were
designed for that specific purpose, with analytical methods selected to provide the
appropriate level of sensitivity. This would obviously be an expensive undertaking,
since for the most part screening methods would not be applicable.

If the amount of residues in foods cannot be entirely accurately estimated from
analytical data alone, then what other options are available? The use of tolerance or
theoretical maximum residue levels would only compound the errors which were
discussed above. A possible option is to examine pesticide usage patterns and use
these patterns to correct the data for the deficiencies in the analytical method. In this
manner a proportion of the samples, in proportion to the percent of the crop which had
not been treated with the pesticide of interest, with no detectable residues would be
assigned a zero value. The importance of this adjustment cannot be over emphasized.
Examination of pesticide application records will show that it is rare that 100% of a
cropis treated with a given pesticide. Several dozen pesticides are often registered for
use on a given commodity. Several will provide control for the same pests. It is
becoming uncommon for growers to apply chemicals indiscriminately. For an
example, individual insecticides and fungicides which are used on tomatoes grown for
canning are typically used on less than 1% to about 25% of the entire crop. Since a
chemical is used only to a limited extent, it makes sense that a portion of the samples
with no detectable residue should be assigned a residue level of zero, as opposed to a
level determined by the sensitivity of the analytical procedure.
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Figure 1. Hypothetical distribution of residue levels wherein the LOQ is 0.1
ppm. The average of the positive samples is 0.13 ppm, and the calculated
mean level is 0.058 ppm.
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Figure 2. Same distribution as shown in Figure 1, except that the LOQ is
now 0.01 ppm. The calculated mean residue level is now 0.018 ppm.
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Figure 3. A plot showing the influence of LOQ on the calculated mean
residue level. No residue was detected in 90% of the samples. Average of
the positive samples was 1 ppm. The mean residue level decreases by 40%

as the LOQ decreases by 90%.
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When the limitations of the LOQ of the analytical method can compromise the
statistical soundness of the database, the use of the percent of crop treated data
represents an independent attempt to ensure the statistical integrity of the data. The
significance of the statistical integrity can be illustrated by the following hypothetical
example.

The following hypothetical situation involving a residue which is not detected in
a statistically based survey in 90% of the samples serves toillustrate some of the points
made above. The LOQ of the method is assumed to be 0.1 ppm and the average residue
in the positive samples is assumed to be 0.13 ppm. We will assume that the
carcinogenic potency, using EPA’s nomenclature of Q%,is0.1 (mg/kg/d)’l, and that
the average daily consumption is 1.5 gm/kg/d. The average residue calculated after
assigning a value of 0.05 ppm to all samples with no detectable residues would be
0.058 ppm. This would calculate to a risk of 8.7 x 10-6 (8.7 in one million). If the
average residue level is recalculated using an adjustment for the percent of crop
treated, the average level becomes 0.018 ppm. The resulting risk then becomes 2.7 x
10-6. If we further assume that with improved analytical methodology or with a
redesigned analytical program the LOQ could be improved to 0.01 ppm and that the
proportion of samples with no detected residues remains the same, the calculated mean
residue level becomes 0.013 ppm and the calculated risk drops to 2 x 106,

In a second example, if all samples tested had no detected residues, the average
residue using 1/2 the LOQ would be 0.05 ppm with a calculated risk of 7.5 x 10°6.
Adjusting that for 90% of the crop not treated, results in a residue of 0.005 ppm and
a ten fold reduction in the calculated risk to 0.75 x 1076,

A further refinement on the use of percent crop treated information is to examine
the application schedule. Pesticides which were used only pre-plant, mainly herbi-
cides and dormant sprays, are less likely to be present on araw agricultural commodity
as compared to chemicals which were applied post-emergent. However, this refine-
ment has not been used and there are obvious difficulties associated with how to
incorporate these temporal factors into the food safety evaluation process.

Food Consumption Information

The second part of the exposure estimate is the estimation of the amount of food
consumption. The amount of air inhaled can be estimated with reasonable accuracy.
On a daily basis the amount of inhaled air could be proportioned among the work place,
the home, and the general environment. In contrast the amount of food consumed by
an individual varies day by day as do the kinds of foods being consumed.
Estimates of dietary exposures are based in part on food consumption surveys.
Typically, in these surveys participants are asked to describe what they have eaten
during a three or five day period. It should be borne in mind that most food
consumption surveys were not designed to assess the intake of individual contami-
nants which may be dispersed in non-uniform, minuscule amounts in the diet, but
rather to assess the nutritional status of a population. In fact these surveys are reliable
indicators of nutritional intake, since while individual diets vary widely on a daily
basis in terms of menu items, they vary very little in terms of total caloric or nutrient
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intake. Conversely, in assessing the intake of a food additive or pesticide residue there
isa somewhat greater dependence upon the reliability of the food consumption pattern,
i.e., the intake of an additive is dependent upon the appearance of a food containing
that additive or substance in the diet. For health risks associated with chronic
exposures, like cancer, the exposure model used for risk assessment assumes that an
individual consumes some portion of every food form every day for 70 years. Clearly
individual diets, with the exception of a few dietary staples, do not contain the same
menu items on a daily basis. It is also obvious that given the low incidence of
detectable pesticide residues in most food surveys that the residues cannot be
distributed in a homogeneous manner throughout the diet. These food consumption
surveys can fairly accurately predict the intake of a nutrient like vitamin C, since a
given food group containing vitamin C will likely be consumed on a daily basis,
irregardless, of whether it is apples or oranges, and the probability of that apple or
orange containing vitamin C is high. Exposure to pesticide residues, however, is
dependent upon the appearance of the specific item in the diet. Pesticides which are
used on oranges are not necessarily used on apples and are not necessarily present on
all oranges.

An example of the problems which can be encountered in estimating food
consumption, particularly in the use of 95th percentile consumption estimates, is
provided by an examination of caloric intake. On the basis of seven day food diaries,
Morgan et al.(3) showed that individual daily caloric consumption for children ranged
from 400 to 5100 kcal while the seven days average ranged from 1100 to 4500 kcal
perday. The median caloric intake did not vary appreciably between individual daily
consumption and averages based upon seven days food consumption (2000 vs. 2100).
These estimated amounts of caloric intake are consistent with recommendations from
the National Academy of Sciences. If food energy values are substituted for pesticide
residues, caloric intake can also be estimated from the Tolerance Assessment System
(now called the Dietary Risk Evaluation System) used by EPA. The mean caloric
intake determined in this manner is consistent with that determined by Morgan et al.
The 95th percentile consumption is approximated by the mean plus two standard
deviations. Unfortunately the standard deviation of average daily consumption is
quite large. For some food items the standard deviation is nearly comparable to the
mean value (4). Thus the 95th percentile consumption estimate will be two to nearly
three times the mean value. The data seems to indicate that caloric intake for those
children would be in excess of 4000 calories per day. This would appear to be an
abusive situation wherein the risk from obesity would far out weigh any food safety
concerns. Some authorities have advocated the use of the 95th percentile consumption
as a means to not underestimate the risk. While the rationale has a certain degree of
logic statistically, it is arguable whether such a pattern of food intake is sufficiently
plausible (for life time exposures) to merit much consideration in the evaluation of
food safety.

Potency Estimation

The basis of most potency estimates are animal studies where the animals are exposed
to fairly high levels of the chemical as compared to levels which could be found in the
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diet and the subsequent extrapolation of these results to predict effects in humans.
Very elegant statistical models have been developed to aid in this extrapolation. We
can measure residue levels. We can do surveys to determine consumption, but the
potency estimates are neitherdirectly measured nor can they be directly validated from
simple observations. It has been demonstrated that such animal studies can present
reasonable estimates of potency and consequently risk resulting from certain occupa-
tional exposures where exposure levels can be high, but the evidence that such
methods provide realistic estimates for the risk resulting from exposures to low levels
of residues as might be in encountered in the diet is virtually non-existent.

The best example of the non-validity of the animal model extrapolations as applied
to dietary exposures lies not with pesticide chemicals but with aflatoxin. Aflatoxins
share one common trait with pesticide chemicals in that dietary exposures are
generally at very low levels, typically in the parts per billion range. However, for
aflatoxin we have the benefit of epidemiological studies to compare with the animal
studies.

Potency estimates (5) for aflatoxin from animals studies range from about 30-
26000 (mg/kg-d)~1. The results from epidemiological studies of aflatoxin have been
mixed with some studies failing to show a causal relationship between dietary intake
of aflatoxin and cancer. Estimates from positive epidemiological data are generally
less than 100 (mg/kg-d)'l. Thus the animal studies can over estimate potency by a
factor of two hundred.

There are at least two ways in which we can examine the aflatoxin results. Unlike
most of the pesticide residues of concern, aflatoxin is both genotoxic and mutagenic.
Thus it fits the classic models of carcinogenesis and extrapolation models, like the
linearized multistage, much better than non-genotoxic and non-mutagenic substances
like Ethylene Thiourea (metabolite of Ethylene Bisdithiocarbamate fungicides) and
1,1 Dimethyl Hydrazine (metabolite of the plant growth regulator Daminozide),
where secondary mechanisms of carcinogenesis have been invoked. Yet even with a
near perfect chemical model for carcinogenesis, the risk analysis exceeds the observed
human incidence by several orders of magnitude. Regardless of the retrospective
analysis which could be made regarding the source of the variance, the fact remains
that even in this best case situation, the risk is over-estimated. If these models are not
accurate for aflatoxin, how accurate can they be for substances for which the models
were not designed?

There is a generally accepted rule in science that as the absolute level decreases,
the uncertainty associated with a measurement increases. The Uncertainty Principle
in Quantum Physics and Horowitz’s Rule (5) in analytical chemistry demonstrate this
in different ways. Horowitz has basically shown that the variability in analytical
results increase exponentially with the decrease in the level of the chemical being
tested.

If we make the assumption that the same kind of uncertainty exists in potency data,
then some interesting parallels can be drawn. Thus, if the potencies estimated by the
animal studies can be over estimated by a factor of 200 at 100 (mg/kg-d)'1 (the cal-
culated potency from epidemiological studies for aflatoxin), the error bars around
estimates for chemicals like the ETU with an estimated potency of 0.6 (mg/kg/d)‘l,
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or Captan with an estimated potency of 2.3 x 10-3 (mg/kg/d)-1, from animal studies,
range probably from several thousand to several million fold with the error most
probably being one of overestimation of potency.

Yet, we continue to talk about these numbers as if they are not only accurate but
correspond to something in the real world. It appears that feeding studies at
exaggerated levels with test animals are not a proper model for human dietary
exposures. Thus, while the animal studies may be validated for occupational
exposures they do not appear to be validated for dietary exposures.

One of the criticisms of epidemiological studies is that they typically lack the
power to detect low level incidence of disease due to the small size of the study
populations. The aflatoxin studies, however encompass regional population groups
and appear to overcome this criticism and serve as a useful test of the accuracy of the
animal studies in terms of low level exposures.

One of the common misconceptions about pesticides and their perceived threat to
food safety is that it is a fairly recent phenomenon. But most of the chemicals which
are the targets of popular chemophobia were first registered twenty to forty years ago.
Thus, any threats to public health through the presence of residues in the diet should
have been detectable by now. Yet the death rate from cancer in the United States over
a forty five period, except for lung cancer, the have either been constant or are
declining. For many chemicals, the liver, due to its role in the detoxification of
chemicals, is a primary site for cancer, but the death rate from liver cancer has
continued to decrease in the years since 1955. In fact, in those situations where cancer
death rates have increased, e.g., breast, prostate, and pancreas, they have showed the
greatest amount of increase in the years 1930-1950 and thus have greatly preceded the
wide spread use of modern pesticides.

Some question the use of cancer death rate statistics, since it can be argued that
reduced rate of mortality can be attributable in many situations to improvements in
medical treatment. Therefore the incidence of cancer has often been cited to indicate
increased health risks associated with pesticide residues in the diet. But historical
trends in the incidence of cancer are difficult to interpret for several reasons. Just as
advances in treatment can affect mortality statistics, advances in detection and
increased access to routine medical examinations can affect the statistics of incidence.
For example, the incidence of non-Hodgkin’s lymphomas has increased about 30%
between 1950 and 1984, but this appears to be due to better diagnosis among the older
population groups, since the incidence rate has decreased among the younger groups
@.

Even in circumstances where the cancer incidence has apparently increased, a
detailed analysis of the data reveals the possibility of many contributing factors. For
example, Hawaii shows an incidence of thyroid cancer (8) which is at least double the
national average. This might be suggestive of a causal relationship between the
disease and an environmental factor unique to Hawaii, but when the rate of cancer
incidence is viewed by ethnic background and sex, significant differences are
observed. It is notable that the incidence rate decreased or remained constant for all
women except for Filipino but increased for all men except for whites. It has been
speculated that dietary factors involving concentrations of iodine in the diet and the
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consumption of certain foods, by specific ethnic groups, high in goitrogenic com-
pounds may be important components of the high incidence of this disease in Hawaii.
It has often been said that the public is at an increased risk from cancer due to the
presence of pesticide residues in foods and often some reference is made to an
observed increase in the incidence of some cancers. As the above example illustrates,
the gross statistics can hide subtleties which belie simplistic interpretations. Diet may
play arole in the increase incidence of some cancers but these dietary factors are more
likely to be related to the increased consumption of fat and the reduced consumption
of fiber than to be related to trace amounts of residues in foods. Some medical
treatments, such as radiation treatment, have also inadvertently lead to the increased
incidence of certain cancers. Other risk factors which have been identified include
smoking and alcohol consumption.

Scheuplein (9) has used a quantitative approach to illustrate the relative contribu-
tion of various dietary factors to the total cancer risk from the diet. His analysis
suggests that only about 0.01% of the cancer risk is due to pesticide residues and
contaminants in foods. Nearly 99% of the risk comes from traditional components of
the diet, fat and naturally occurring toxicants.

Scheuplein’s analysis does not validate nor contradict the current approach used in
evaluating food safety, but it does place the risks in perspective by examining the
including all aspects of the diet.

It remains to be seen whether the development of better biochemically based models,
or models incorporating pharmacokinetics will provide a more appropriate basis upon
which to determine human risks of cancer.

Conclusion

The intention of this paper is not to excuse the use of pesticides and the presence of
residues in foods but rather to provide some perspectives in the debate about food
safety based upon an examination of parts of the risk assessment process. If achemical
represents a true threat to food safety, then in should be removed. Butitis a disservice
to consumers, and undermines the confidence of the public not only in the safety of the
food supply but also in science, toraise unwarranted concerns about the food that they
eat when those concerns are based upon unvalidated assumptions and flawed analysis
of data.

While the public has been convinced that pesticide residues and food safety
represent a real hazard, the majority of experts do not share this concern. EPA’s
Science Advisory Panel and the American Medical Association have stated that while
there may be hazards to farmers and agricultural workers associated with direct
exposure to pesticides, there is no evidence that indirect exposures such as that which
occurs in the diet pose a threat the public health. The Government Accounting Office
(GAO) has estimated that there are 6.5 to 33 million cases of illness a year due to
bacterial contamination of foods. The GAO estimates that there are 9,000 deaths per
year due to those factors. When examined against the demonstrable incidence of
disease due to bacterial contamination of food, it is well to remember the admonition
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thatis attached to the interpretation of the calculated risks. They are “plausible” upper
bounds on the risk, the true risk could be between those numbers and zero and are more
likely zero.
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Chapter 7

Liver Cell Short-Term Tests for Food-Borne
Carcinogens

Gary M. Williams

American Health Foundation, 1 Dana Road, Valhalla, NY 10595

Carcinogens occur in food from a variety of sources, including natural-occurring
contaminants, such as mycotoxins, additives, such as saccharin, and chemicals formed
from food components, such as pyrolysates (1-4). As with carcinogens of other ori-
gins, these elicit cancer in experimental models through a variety of mechanisms (5).

Carcinogens exerteffects in twodistinct sequences of carcinogenesis, the conversion
of normal cells to neoplastic cells and the development of neoplastic cells into tumors.
Carcinogens that form reactive species, such as electrophiles, that bind to DNA
produce neoplastic conversion through alteration of gene function, especially in
oncogenes and tumor suppressor genes. Such carcinogens have been designated as
genotoxic or DNA-reactive. Other types of carcinogens that produce epigenetic
cellular effects that may give rise to reactive moieties, such active oxygen species,
possibly also cause neoplastic conversion., In addition, some epigenetic carcinogens
do not seem to be capable of altering DNA, even indirectly, but rather increase cancer
through enhancement of neoplastic development. Enhancement of cell proliferation
seems to be an important effect of carcinogens that act in this sequence. Carcinogens
have been classified by Williams and Weisburger according to their mechanism of
action, DNA-reactive or epigenetic (Table 1).

A food-borne carcinogen that is DNA-reactive and, hence, is genotoxic in short-
term tests, is aflatoxin, and an example of an epigenetic agent is saccharin. Food
contains numerous agents of both types (1, 3). Because of the different mechanisms
of action of carcinogens, different types of test systems for identifying potentially
carcinogenic food-borne agents are needed.

Short-term Tests for DNA-reactive Carcinogens

Forthe initial in vitro screening of potential carcinogen, the battery of tests incorporated
in the decision point approach to carcinogen testing (Table 2) (6) has proven useful (7).
This approach begins with evaluation of the structure of the chemical. The structures
leading to electrophilicity and, hence, DNA-reactivity of chemicals have been
thoroughly elucidated (5, 8) and accordingly, structure provides important informa-

0097—-6156/92/0484—0060$06.00/0
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Table 1. Classification of Carcinogenic Chemicals

Category and Class Example
A. DNA -reactive (genotoxic) carcinogens
1. Activation-independent propylene oxide
2. Activation-dependent aflatoxin B,
3. Inorganic? nickel
B. Epigenetic carcinogens
1. Promoter butylated hydroxyanisole
2. Cytoxic nitrilotriacetic acid
3. Hormone-modifying amitrole
4. Immunosuppressor purine analog
5. Peroxisome proliferator phthalate esters
C. Unclassified
1. Miscellaneous dioxane

Source: Reference 5.

aSome are categorized as DNA reactive because of evidence for damage of
DNA,; others may operate through epignetic mechanisms such as alterations in
fidelity of DNA polymerases.
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Table 2. Decision-Point Approach to Carcinogen Testing

Stage A.  Evaluation of structure
Stage B.  Short-term tests in vitro
1. Mammalian cell DNA repair
2. Bacterial mutagenesis
3. Mammalian mutagenesis
4. Chromosome tests
5. Cell transformation
Other short-term tests
Decision Point 1:  Evaluation of all tests conducted in stages A and B
Stage C.  Tests for epigenetic effects
1. In vitro
2. Invivo
Stage D.  Limited bioassays
1. Altered foci induction in rodent liver
2. Skin neoplasm induction in mice
3. Pulmonary neoplasm induction in mice
4. Breast cancer induction in female Sprague-Dawley rats
Decision Point 3:  Evaluation of results from stages A, B, and C and the
appropriate tests in stage D
Stage E:  Long-term bioassay
Decision Point 4:  Final evaluation of all results and application to health risk
analysis. This evaluation must include data from stages A,
B, and C to provide a basis for mechanistic considerations.
Dose-response information may be crucial.

Source: Reference 6.
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tion on potential genotoxicity and carcinogenicity (9, 10). Carcinogens of the DNA-
reactive type can usually be identified in short-term tests for genotoxicity, providing
that appropriate bioactivation is represented (1), and hence, an essential component
of the battery of short-term test systems in the decision point approach is tests with
intrinsic bioactivation.

A system with broad biotransformation capability is the hepatocyte/DNA repair
test (12,13). This test has been shown to be reliable for the detection of food-borne
genotoxins (3,13,14). A wide variety of plant-derived (Table 3) and microbe-derived
agents (Table 4) are positive in this system using rat hepatocytes (/3). Safrole was
negative in rat hepatocytes, but did elicit DNA repair in hepatocytes from mice and
hamsters (/5). For most microbial products, DNA repair was also elicited in mouse
hepatocytes, although the response with aflatoxin B, was weaker than in rat hepato-
cytes (16, 17).

Chemicals that are formed during the processing or cooking of food have also
elicited DNA repair in rat hepatocytes (Table 5).

In contrast to natural-occurring substances, food contaminants and additives
generally have been non-genotoxic in hepatocytes (Table 6). The negative results with
the food preservatives butylated hydroxyanisole and butylated hydroxytoluene,
suggest an epigenetic mode of action for their carcinogenic effects (18, 19). A variety
of food dyes have been shown to be inactive in the DNA repair test (20).

Another system in which intrinsic metabolic capability is retained is proliferating
rat liver epithelial cells. In this system, mutagenesis (21), chromosome effects (22)
and transformation (23) can be assayed. With mutations in the hypoxanthine-guanine
phosphoribosyl transferase gene as the end point, several food-borne agents have been
tested (Table 7). The results correspond to those in the hepatocyte/DNA repair test
with the genotoxin aflatoxin B, being positive and antioxidants and organochlorine
compounds being negative.

In vivo approaches are also available for identification of DNA-reactive agents
(5). These include tests for genotoxicity, one of which is the in vivo/in vitro
hepatocyte/DNA repair test (24, 26), and limited in vivo bioassays (6) for preneoplastic
or early neoplastic lesions, including induction of altered foci in rodent liver, skin
tumor or induction in mice, lung adenoma induction in mice and breast tumor
induction in rats.

Short-term Tests for Epigenetic Carcinogens

Short-term tests forepigenetic agents are not as well established as tests for genotoxicity.
Moreover, since epigenetic carcinogens can operate through a variety of mechanisms,
different types of tests will be required for these agents.

An approach to the detection of promoters emerged from the work of Yotti et al
(27) and Murray and Fitzgerald (28) which demonstrated that the plant-derived skin
neoplasm promoter, tetradecanoylphorbol acetate inhibited metabolic cooperation
between cultured cells, A variety of agents has been positive in systems based on this
phenomenom (29). This approach has been extended to a liver cell system (30, 31) in
which several food-borne agents have inhibited metabolic cooperation (Table 8).
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Table 3. Results with Plant Products in the Hepatocyte/DNA Repair Test

Chemical Result Carcinogenicity?
D, L-amygdalin -

arecaidine -
arecoline -
carrageenan (degraded) - S
clivorine - +

cycasin + S
flavone -

kaempferol - I
lasiocarpine + S
monocrotaline + S
petasitenine + L
pyrrole -

quercetin - L
safrole - S
senkirkine + L
tannic acid - L
viridefloric acid -

zearalenone - L

Source: Reference 13.
a4 from IARCl=inadequate; L - limited; S = sufficient
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Table 4. Results with Microbial Products in the Hepatocyte/DNA Repair Test

Chemical Result Carcinogenicity®

actinomycin D + L
aflatoxin B1
aflatoxin B2
aflatoxin G1
aflatoxin G2
aphidicolin -
averufin +
azaserine +
chrysophanol -
cytochalasin B -
doxorubicin (adriamycin) - S
duclauxin -
echinulin -
emodin -
flavoglaucin

floccosin -
griseofulvin -
luteoskyrin +
luteosporin +
mitomycin C +
ochratoxin A -
patulin -
penicillic acid

rugulosin -
secalonic acid D -
sterigmatocystin
5,6-dimethoxy
sterigmatocystin
versicolorin A
versicolorin B
violaceol-1 -
zanthomegrin

S
S
S

+ 4+ +

+ + + 0 +
w2 — Tt - U2 - w

+

Source: Reference 13.
4 From IARC; I = inadequate; L =limited; S = sufficient
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Table 5. Results with Products Formed During Cooking of Food in
the Hepatocyte/DNA Repair Test

Chemical Result Carcinogenicity?

2-amino-3methylimidazo

[4,5f]quinoline (IQ) + S
2-amino-3,4-dimethylimi-

dazo[4,5-flquinoline (MeIQ)
2-amino-3,8-dimethylimi-

dazo[4,5-flquinoxdine (MeIQx)
2-amino-3,4,8-trimethyl-

imidazo[4,5-flquinoxaline +
2-amino-3,7,8-trimethyl-

imidazo[4,5-flquinoxaline +
3-amino-1,4-dimethyl-5H-

pyrido{4,3-blindole(Trp-P-1) + S
3-amino-1-methyl-5H-

pyrido[4,3-b](Trp-P-2) - s
2-amino-6-methyldipyrido-

[1,2-a:3'-2'd]imidazole(Glu-P-1) + S
2-aminodipyrido[1,2-a:3',2'-d]

limidazole (Glu-P-2) S
2-amino-9H-pyrido[2,3-b]-indole
2-amino-3-methyl-9H-pyrido-

[2,3-b}indole + S
benzo(a)pyrene + S

+
et

+
—

+

Source: Reference 13.
2 From JARC I = inadequate; L = limited; S = sufficient
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Table 6. Results with Food-Borne Chemicals in the
Hepatocyte/DNA Repair Test
Chemical Result Carcinogenicity®

Food Additives

butylated hydroxyanisole - S
butylated hydroxytoluene - L
Food Constituents

sodium fluoride - I
Food Contaminants

carbadox +
chlordane -
DDT -
endrin -
heptachlor -
mirex -
olaquindox +
polybrominated biphenyls -

[ NalC R/ Ne

]

Source: Reference 13.
2 From IARC; I = inadequate; L = limited; S = sufficient
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Table 7. Results with Food-Borne Chemicals in the Adult Rat Liver
Epithelial Cell-HGPRT Mutagenesis Assay

Chemical Reference
Food constituents
sodium fluoride Cell Biol. Toxicol
1988, 4, 173.
Food additives
butylated hydroxyanisole Fd. Chem. Toxic.
1986, 24, 1163.
butylated hydroxytoluene Fd. Chem. Toxic.
1990, 28, 793.
Food contaminants
aflatoxin B Muitat. Res.
1984, 130, 53.
aflatoxin G Mutat. Res.
1984, 130, 53.
chlordane Adv. Med. Oncol Res.
& Educ.1 1979,273.
DDT Adv. Med. Oncol. Res.
& Educ.1 1979, 273.
endrin Adv. Med. Oncol. Res.
& Educ.1 1979, 273.
heptachlor Adv. Med. Oncol. Res.
& Educ.1 1979, 273.
kepone Adv. Med. Oncol. Res.
& Educ.1 1979, 273.
Polybrominated biphenyls Environ. Res 1984, 34, 310.
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Table 8. Results with Food-Borne Chemicals in the Hepatocyte-Liver Epithelial

Cell Assay for Inhibition of Intercellular Molecular Transfer

Compound Result Reference
Food additives
butylated hydroxyanisole + Fd. Chem. Toxic.
1986, 24, 1163.
butylated hydroxytoluene + Fd. Chem. Toxic.
1990, 28, 793.
Food contaminants
benzo(a)pyrene - Carcinogenesis
1982, 3, 1175.
chlordane + Carcinogenesis
1982, 3,1175.
DDT + Cancer Lett.
1981, 11, 339.
heptachlor + Carcinogenesis
1982, 3,1175.
polybrominated biphenyls + Environ. Res.
1984, 34, 310.

ACS Symposium Series; American Chemical Society: Washington, DC, 1992.
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In addition to the in vitro systems, epigenetic agents can also be identified in rapid
in vivo tests. Firstly, chemicals can be assessed for any of the biological effects e.g.
peroxisome proliferation, known to underly the carcinogenicity of epigenetic agents.
For identification of potential promoting agents, increased cell proliferation and
induction of cytochrome P450 are highly predictive. Also, several rapid and efficient
bioassays for promoters are detailed in the decision point approach (6). These include
enhancement of genotoxin-induced altered foci in rodent liver, skin tumors in mice,
lung adenomas in mice and breast tumors in rats. In a liver cancer system , the food
additive butylated hydroxytoluene, was shown to be a promoter at high doses only (32)
and a similar observation was made in a stomach cancer system for butylated
hydroxyanisole (33).

Conclusions

Reliable methods are available for the detection of both DNA-reactive and epigenetic
agents in food. The application of the approaches outlined above to evaluation of food
packaging materials also has been described (34).

Many genotoxic natural products can be present in food, but relatively few
synthetic chemicals that enter into food are genotoxic. DNA-reactive natural food
products have been associated with human cancer (e.g. aflatoxins) whereas no
synthetic chemical in food has led to cancer in humans (35). In fact, a substantial
portion (i.e.30-40%) of cancer in the United States is believed to stem from nutritional
imbalances and genotoxic natural foodborne carcinogens or carcinogen precursors
(1,30).

The in vitro approaches described here provide information on the mechanisms of
carcinogenicity of chemicals. Such information is assuming importance in assessment
of human hazard from environmental chemicals (37-39). As just discussed, DNA-
reactive carcinogens are distinct human cancer hazards, whereas epigenetic agents
represent only quantitative hazards.
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Chapter 8
Bacterial Test Systems for Mutagenesis Testing

Johnnie R. Hayes

RJR Nabisco, Bowman Gray Technical Center, Reynolds Boulevard,
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Humans must have been interested in the safety of food for thousands of years. For the vast
majority of this time, the major toxicological endpoint associated with this concern was
acute toxicity. The methodology consisted of observations of symptomatic effects of
consuming a new food. No thought was given to the long-term effects of consuming a
specific food.

A major factor that sparked an interest in regulations to insure food safety was the
adulteration of foods and inadequate food sanitation. Additional concerns resulting in the
passage of regulations associated with food safety were the increased use of various
substances added for technological purposes and an increased public demand for an
essentially risk-free food supply.

In the United States, the regulation of food safety was left to the individual states until
the beginning of the twentieth century. The national government took the lead from the
individual states with the congressional passage of the Food and Drug Act of 1906. Notable
expansions and amendments to this Act occurred in 1953, 1958 and 1962. Continuing
changes resulted in the Federal Food, Drug and Cosmetic Act, as we know it today.

Paralleling the development of the current food and drug regulations was an explosion
of new information in the areas of chemistry and the biological sciences, which continues
today. Associated with this mass of new information was the evolution of a new scientific
discipline ~ toxicology.

Toxicologists use the tools developed by other disciplines, as well as uniquely
developed tools, to determine the potential adverse effects of chemicals and chemical
mixtures on biological systems. Tools now exist that allow the toxicologist to investigate
the interaction of chemicals from the molecular level to the whole animal, and even to
ecosystems. In some cases, the ability to collect data using these tools outstrips the ability
to confidently use these data to insure a risk-free environment and food supply for humans.
This comes, in part, from the extreme complexities associated with the interaction of
chemicals with biological systems and, in part, from the utilization of animal models to
represent humans. Animal models may differ from humans in obvious, and also very subtle,
ways. This complicates extrapolation of data from animal studies to the human population.
However, even with current limitations, the toxicologist now has powerful tools to bring to
bear on questions of food safety.

0097—-6156/92/0484—0073$06.00/0
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Role of Genetic Toxicology in Food Safety Assessment

One of the tools of modern toxicology is genetic toxicology. It is the goal of genetic
toxicology studies to ascertain the potential for a chemical to interact with the genetic
material of cells to produce hereditable changes in somatic and reproductive cells. Most
recommendations for food safety assessment now contain genetic toxicology as an integral
component. It is generally recommended that in vitro genetic toxicology studies be
performed during the early stages of a food safety assessment. An example can be seenin
the classical safety decision tree approach to food safety assessment, as recommended by
the Scientific Committee of the Food Safety Council in 1980 and illustrated in Figure 1 (1).

After chemical characterization and acute toxicity testing of the test material, the
decision tree splits into genetic toxicology testing and biotransformation and pharmacoki-
netic studies. These studies may complement each other because metabolism of the test
material may yield metabolites of genotoxic potential and the genetic toxicology studies
may indicate the potential for the production of genotoxic metabolites.

Current recommendations for food safety assessment, as recommended by the FDA in
the current (1982) “Red Book”, are illustrated in the next three figures (2).

The FDA divides their testing recommendations into three concemn levels based upon
a number of criteria, including exposure assessment and structure-activity relationships.
The lowest concern level is Category I. The testing program for Category Iis illustrated in
Figure 2. If a battery of short-term genotoxicity assays indicates positive results, such as
mutagenicity and/or DNA damage, a carcinogenicity bioassay is suggested. If the results
are negative, this bioassay can be eliminated unless other data indicate otherwise. Concem
Level II testing is illustrated in Figure 3. Positives in the genotoxicity battery require that
carcinogenicity testing be conducted in one-to-two species. The testing requirements for
the highest concern level, concern Level I11, are illustrated in Figure 4. At this concern level
carcinogenicity testing in two species is required, regardless of the outcome of the
genotoxicity assays.

Genetic Toxicology Testing Strategies

As illustrated in Table 1, David Brusick has divided genetic toxicology assays into three
main categories (3). Screening tests are used to determine the potential for a chemical or
chemical mixture to interact with DNA to produce alterations in the genetic material. These
tests have little, if any, ability to be directly extrapolated to human risks. Allegations of
potential human health hazards are unjustified if these tests are based solely upon in vitro
assaysor utilize non-mammalian models. Hazard Assessment Tests generally provide more
evidence of potential genotoxic effects but are not adequate for quantitative human risk
assessment. Risk Analysis Tests are tests that produce quantitative estimates of transmis-
sible mutation. These in vivo tests generally measure direct genetic damage to germ cells
or inheritable effects in the offspring of treated animals.

Table 1. Categories of Genetic Toxicology Assays
e Screening Assays
e Hazard Assessment Test
o __Risk Analysis Tests
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Figure 1. Safety decision tree recommended by the Scientific Committee of the

Food Safety Council (I). (Reproduced with permission from ref. 16. Copyright

1989 Macmillan.)
Concern Level | Compound
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Genotoxicity Assays '® Dose Rodent Study

| Carcinogenicity
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Figure 2. Decision tree for a U.S. FDA concern level I compound.
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Figure 3. Simplified decision tree for a U.S. FDA concern level II compound.
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Figure 4. Simplified decision tree for a U.S. FDA concern level III compound.
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Genetic toxicology testing strategies generally consist of two arms, one involves in vitro
testing and the other in vivo testing. Recommendations for in vitro genetic toxicology
generally consist of a battery of assays. Table 2 lists assays that may be commonly used in
in vitro genetic toxicology testing.

As can be seen, these in vitro assays range from bacterial mutagenicity to mammalian
unscheduled DNA synthesis. They cover a variety of genetic toxicology endpoints,
including mutagenicity, clastogenesis and repair of damaged DNA. They also utilize two
major categories of test subjects, bacteria and isolated mammalian cells.

Table 3 lists the common in vivo genetic toxicology assays. These tests generally
parallel the in vitro tests with respect to genetic endpoints measured. They utilize
mammalian species with the exception of the Drosophila sex-linked recessive lethal assay
and the host mediated bacterial mutagenicity assay, which does use a mammalian species
as the “host.”

Bacterial Mutagenicity Assays

Bacterial mutagenicity assays are generally considered to be screening tests todetermine the
potential of a chemical or chemical mixture to interact directly with DNA to produce a
mutationataspecific genelocus. As screening tests, data from bacterial mutagenicity assays
are not directly useful for quantitative human risk assessment. However, they are useful for
determining the potential for a chemical to interact with DNA to produce highly specific
mutations.

The reason behind the development of bacterial mutagenicity assays and the high level
of interestin these assays was the belief that they may predict carcinogenicity (4). If capable
of predicting carcinogenicity, these assays would provide predictive data in weeks as
opposed to years and provide an enormous savings of resources. A large effort has been
devoted to determining the ability of these assays to reliably predict the carcinogenicity of
a chemical.

There is still controversy associated with the ability of bacterial mutagenesis assays to
predict carcinogenicity as measured by chronic animal bioassays. The percentage of
accuracy for these short-term assays has been determined to be as high as 90%-+ by some
investigators and as low as 50% by others. There appears to be a consensus developing
among most toxicologists that the lower percentages in this range are probably more
accurate (5, 6).

The large variations in accuracy predictions arise from a number of factors that affect
the predictability of short-term bacterial assays. Some of these are listed in Table 4. Non-
genotoxic or epigenetic carcinogens are carcinogens that appear to not react directly with
DNA. They are without activity in bacterial mutagenesis assays, do not produce evidence
of DNA damage and have notbeen shown tointeractcovalently with DNA, yet they produce
tumors inanimalmodels. Various hypothesesrelated to their mechanismof action are under
investigation. One of the more popular hypotheses is that these materials induce cellular
proliferation. The increased DNA synthesis associated with proliferation may either
increase the chances of normal mutations or the expression of preexisting DNA damage (7).

Another factor that influences assessment of predictability of short-term bacterial
assays is that predictability is based upon comparison to chronic bioassays in animal models
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Table 2. Short-Term In Vitro Genotoxicity Assays

Assay Endpoint
Bacterial Cells Gene Mutation
Ames/Salmonella
E. Coli
Yeast Mutation Gene Mutation
Mammalian Cells
Chromosome Aberration Clastogenesis
Sister Chromatid Exchange Chromosome Rearrangements
Unscheduled DNA Synthesis DNA Damage
DNA/Xenobiotic Adducts DNA Alteration
Cell Transformation Transformation

Table 3. In Vivo Genotoxicity Assays

Assay Endpoint

Mouse Coat Color (Spot Test) Somatic Cell Gene Mutation
Drosphila Recessive Lethal Test Sex-Linked Recessive Lethal
Rodent Micronucleus Assay Chromosomal Aberrations
Bone Marrow Sister Chromatid Exchange Sister Chromatid Exchange
DNA/Xenobiotic Adducts Altered DNA

In Vivo/In Vitro Unscheduled DNA Synthesis =~ DNA Damage
Host-Mediated Bacterial Mutagenesis Gene Mutation

Dominant Lethal Assay (Germ Cell) Dominant Lethal Mutations
HeritableTranslocation (Germ Cell) Translocation
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(8). A material that is determined to be mutagenic in a bacteria assay but does not produce
tumors in an animal bioassay is termed a “false positive.” This is based upon the assumption
that the animal bioassay was accurate. However, if the animal bioassay was inaccurate, a
decision that the bacteria mutagenesis assay was a false positive would be incorrect.
Because of the time and cost requirements of animal bioassays, it would be a significant
amount of time before this conclusion could be corrected.

The unique biochemistry and physiology associated with the whole animal compared
to the bacterial cell and the simplistic systems used to mimic mammalian metabolic
activation systems in short-term bacterial mutagenicity test also affect the attempt to
determine the predictability of the bacterial test. Most bacterial test systems use mammalian
liver preparations to mimic oxidative metabolic activation of test materials to more reactive
metabolites. These preparations neither have significant capability to mimic a number of
other metabolic activation pathways nor most of the detoxification mechanisms. A test
material that may be detoxified and thereby not yield tumors in animal models may or may
not express its mutagenic potential in bacterial assays. Alternatively, a carcinogen that
Tequires a metabolic activation pathway not present in the bacterial assay system will appear
to be non-mutagenic.

Certain aspects of the bacterial mutagenicity assay systems thatincrease their sensitivity
affect the ability to determine their predictability. For instance, the strains of Salmonella
used in the Ames assay have been developed to have very poor DNA repair systems. These
bacteria are highly sensitive to DNA damage because they cannot repair the damage. The
animal models used in carcinogenicity tests have highly developed DNA repair mecha-
nisms and may repair DNA damage before it is expressed. Therefore a test material that is
positive in the bacterial assay may be negative in animal studies.

Although a number of other factors affect the ability to determine the predictability of
bacterial mutagenesis assays (see Table 4), a major factor is a lack of knowledge of the
mechanisms of carcinogenicity. Even though knowledge of these mechanisms has greatly
expanded over the last 20-years, a greater understanding is needed before all the factors that
influence our ability to use bacterial mutagenesis assays to predict carcinogenicity are
understood. Overall, short-term bacterial mutagenicity assays have not lived up to the
original expectations for them with respect to predicting carcinogenicity (8).

What is sometimes forgotten in the controversy over the ability of short-term bacterial
assays to predict the carcinogenicity potential of a chemical is that genotoxicity is an
endpoint unto itself. It may be too much to ask of a simple in vitro assay to predict the
complex in vivo interactions associated with carcinogenicity. However, the bacterial
mutagenicity assays will determine the potential of a chemical to interact with DNA to
produce a mutagenic event under the conditions of the assay. Since certain of these assays
can be evaluated on a semi-quantitative basis, they provide a method to compare the
potential of two chemicals to interact with the bacterial genome to produce mutations. Itis
therefore possible to comparatively screen a number of materials to determine which has the
lowest mutagenicity potential.

Bacterial mutagenicity assays provide a rapid and inexpensive method to screen
chemicals for further research and to eliminate those that do not meet specific toxicological
criteria. Therefore, even though these assays may not have a high percentage of predictabil-
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ity for carcinogenicity by themselves, they can serve an important function in screening
chemicals for their potential ability to interact with DNA.

Genetic Toxicology Batteries

A number of genetic toxicologists believe that the addition of data from other short-term in
vitro genotoxicity assays, especially mammalian cell assays, increases the ability to predict
carcinogenicity. Although there is still controversy associated with this hypothesis,
regulatory agencies recommend that a battery of short-term in vitro assays be used for
genetic toxicology testing. Table 5 illustrates the battery suggested by the Food Safety
Council in 1980 (7). Ascan be seen, these batteries representa bacterial mutagenicity assay
coupled with mammalian cell assays. The Food Safety Council recommendations include
a mammalian cell mutagenesis assay to parallel the bacterial assay, an assay(s) to detect
clastogenesis and a mammalian cell transformation assay. They alsorecommended in vivo
genetic toxicology assays if positive responses were found in the in vitro assay. One of the
recommended in vivo assays was a host-mediated bacterial cell mutagenesis assay. This
type of assay generally involves injection of sensitive bacteria into the interperitoneal cavity
of the “host” animal. The bacteria are harvested after the animal is exposed to a potential
mutagen. After harvesting, the mutation rate, if any, is determined. These assays were
developed to attempt to incorporate factors such as pharmacokinetics, mammalian physi-
ology and mammalian biochemistry into a bacteria assay system. The number of problems
associated with the host-mediated assays have resulted in this type of assay falling out of
favor with many genetic toxicologists.

Short-term genotoxicity tests recommended by the FDA in the 1982 “Red Book” are
listed in Table 6 (2). These, like the Food Safety Coundl’s recommendations, include a
bacterial and mammalian mutagenesis assay, an assay for DNA damage and a mammalian
cell transformation assay. An in vivo assay, if necessary, is also included.

In both these recommendations, as well as others, the inclusion of mammalian cell
assays is believed toincrease the likelihood of detecting potential animal carcinogens whose
mechanism of action would not be detected by the bacterial mutagenesis assays.

Utility of Bacterial Mutagenicity Assays

Even though there are a number of issues associated with the use of bacterial mutagenicity
assays, they remain a component of food safety evaluations. A number of reasons account
fortheiruseand their advantages over certain other assays. The advantages arelisted, inpart,
in Table 7. A major advantage in using the bacterial mutagenicity assays is their low costs
and the short-term nature of the assay. Since data can be producedin a few days ata nominal
cost, they are ideal for screening groups of test materials. This makes themuseful in product
development and determining the mutagenicity of various fractions of complex mixtures,
such as food products.

Another advantage is their high sensitivity. The bacteria generally used in these assays
have been developed to be extremely sensitive to mutagens. For instance, the Salmonella
strains used in the Ames assay have cell walls that allow the passage of mutagens into the
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Table 4. Factors Affecting the Predictability of Short-Term Bacterial Assays

Bacterial Test Systems for Mutagenesis Testing

Non-Genotoxic (Epigenetic Carcinogens)

Reliability of Chronic Animal Bioassays

Unique Metabolic Capabilities of Animals

Repair of Damaged DNA

Prokaryotic vs. Eukaryotic Cell Types

Sensitivity to False Positives/Negatives

Mutagenicity vs. Clastogenesis and other Mechanisms
Initiation vs. Promotion

Lack of Knowledge of Mechanisms of Carcinogenicity

Table 5. Assays Recommended by the Food Safety Council
InVitro
Bacterial Cell Point Mutations
Mammalian Cell Point Mutations
Mammalian Cell Chromosomal Changes
Mammalian Cell Transformation
InVivo
Mammalian Cell Chromosomal Changes
Host-Mediated Bacterial Cell Mutagenesis

Table 6. Short-Term Genotoxicity Testing Suggestions by the FDA

Test Endpoint

InVitro

Ames Assay Bacterial Mutagenesis

TK Locus Mouse Lymphoma Assay Mammalian Cell Mutagenesis
Unscheduled DNA Synthesis DNA Damage

Transformation Mammalian Cell Transformation
InVivo

Drosphila Mutation Test Sex-Linked Recessive Lethal

Table 7. Advantages of Bacterial Mutagenicity Assays
e Rapid

Low Cost

Sensitivity to Mutagens

Large Database

Availability

Simple

Semi-Qualitative

Acceptable/Recommended
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bacteria. As previously mentioned, the bacteria are deficient in DNA repair mechanisms,
allowing increased expression of DNA damage. Bacteria are somewhat less sensitive to
their environment than mammalian cells that originate from multi-cellular tissues whose
environments are closely controlled. They are, therefore, less likely to yield either false
positives or false negatives due to environmental conditions (9).

An additional advantage of bacterial mutagenicity assays, especially the Ames assay,
is the availability of a large database of compounds and mixtures that have been tested (10,
11,5,6). This allows utilization of structure activity analysis and also aids in validating the
assays for different chemical classes (12).

Bacterial mutagenicity assays are generally considered to be operationally simple to
perform. They can be performed in a large number of laboratories, including contract
toxicology laboratories. Therefore, the bacterial mutagenicity assays, especially the Ames
assay, are generally available to investigators. A number of the more sophisticated
genotoxicity assays may be available only in a small number of laboratories. Similar data
from a large number of laboratories performing a particular assay, aids in the validation of
the assay. For instance, interlaboratory variation is better understood and by using a
common series of negative and positive controls, data from various laboratories can be more
accurately compared.

An advantage of bacterial mutagenicity assays, especially the Ames assay, is that the
dose response data appear to be semi-quantitative, at least within similar chemical classes.
This allows the mutagenic potential of a number of chemicals to be compared and opens the
possibility for greater understanding of structure activity relationships (2). The semi-
quantitative nature of a number of other genotoxicity assays has not been adequately
determined and some genotoxicity assays are not semi-quantitative.

The major advantage of the bacterial mutagenicity assays, especially the Ames assay,
is that they are acceptable to the majority of genetic toxicologists as a screen for potential
mutagenicity. They are also recommended and accepted by a number of national and
international regulatory agencies as a component of a food safety assessment.

Methodology For Bacterial Mutagenicity Assays

As an example of the general methodology for bacterial mutagenicity assays, the following
descriptionis limited to the Ames assay. There are several variations of the Ames assay with
the two most-used methods being the preincubation and plate incorporation assays (13, 14).
The preincubation method preincubates the test material with and without the S-9 metabolic
activation system and the bacteria tester strain at 37°C for approximately 20 minutes. Agar
is added to the preincubation mixture and the resulting mixture distributed over agar plates
containing limiting amounts of histidine. The plate incorporation method directly incorpo-
rates the test material with and without the S-9 system and bacteria tester strain directly into
the plate without preincubation. With both methods, the plates are incubated for 48 hours
at37°C. Bacteria that have beenreverted to the wild type phenotype, which does notrequire
histidine in the medium, can grow into colonies. Bacteria that are not mutated and required
histidine do not develop colonies. Mutagenicity is determined by counting, usually by
automated methods, the number of colonies on the plate and the data expressed asrevertants/
plate.
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Solvent controls are used when a solvent vehicle has been used to carry the test material
into solution in the medium. Positive controls and sometimes negative controls are also
tested. One positive control should be acompound which requires metabolic activation with
the particular tester strain being used. An additional positive control which does notrequire
metabolic activation in the particular tester strain is used with the assays without metabolic
activation. These controls validate the assay by demonstrating the sensitivity of the tester
strain to known mutagens under the conditions of the assay.

Various modifications can be used with the assay to address specific questions and to
account for various assay conditions, such as when human urine is used as the test material.

Major Factors Affecting Bacterial Mutagenicity Assays

A number of factors can affect the use of bacterial mutagenicity assays in a food safety
assessment, afew of which are listed in Table 8. One of these factors is the choice of bacterial
strain. Table 9 list some of the Salmonella strains routinely used for the Ames assay. As
can be seen, some strains are sensitive to frameshift mutations and others are sensitive to
base-pair substitutions. Also, the specific target gene for each strain differs. Ames assays
generally include two or more Salmonella strains and five strains are used in many cases.

Metabolic activation has been discussed above, but a few additional points can be
mentioned. The classic metabolic activation system has been the supernatant from Arochlor
1254 induced rat liver homogenates centrifuged at 9,000xg, i.e. S-9. Preparations from
species other than rats can be used to address specific issues. Because the quantitative and
qualitative nature of the metabolically activated products may vary with S-9 preparations
from animals pre-treated with a number of enzyme inducers and also vary with species; the
results of mutagenicity studies can vary. This can be used to advantage to investigate the
role of metabolic activation on potential mutagenicity.

The bacterial cytotoxicity of the test material is an important factor that can affect
bacterial mutagenicity assays. If the test material is highly cytotoxic, the cytotoxicity may
mask the potential mutagenicity. The threshold of mutagenicity may not be reached before
too many bacteria are killed to produce a valid test. If the test material is not water soluble,
itis necessary to use a solvent as a vehicle to carry the test material into the culture media.
Use of a vehicle increases the number of factors that can influence the assay. For instance,
the solvent will have its own inherent cytotoxicity and alter the physical and chemical nature
of the assay media. Therefore, solvents used as vehicles in bacterial mutagenicity assays
must be chosen with care.

Another major factor that can affect the results of bacterial mutagenicity assays is the
physical and chemical nature of the test material. Table 10list some of the factors associated
with the test material that can affect bacterial assays. Water insoluble test materials
complicate mutagenicity testing because of the aqueous nature of the assay media. Thismay
necessitate the use of vehicles as discussed above. Even with a vehicle to carry the water
insoluble test materials into the media, the test material may precipitate at the higher doses.
This will limit the maximal dose that can be used in the studies. The pH and/or osmolarity
of the media may be altered by either the test material or a solvent vehicle, although bacterial
are less sensitive than mammalian cells (9). Such alterations can lead to cytotoxicity and
produce false positives or negatives in the assay. When the assays are carried out with the
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inclusion of metabolic activation there are actually two biological systems that can be
affected by either the test material or solvent vehicle; the bacteria and the metabolic
activation system. If the testmaterial or vehicle alters the activity of the metabolic activation
system, this alteration could be expressed in the results of the mutagenicity assay. For
instance, inhibition of metabolic activation could result in a false negative. From the above,
itcan be seen that the results of bacterial mutagenicity assays can be highly dependent upon
anumber of factors. Itis imperative that these factors be carefully considered in the design
of the studies to insure accurate, reproducible and meaningful results.

Disadvantages of Bacterial Mutagenicity Assays

Use of bacterial mutagenicity assays in food safety assessments has certain disadvantages
associated with the assays. Several of these disadvantages are listed in Table 11 and have
been previously discussed. If the assays are performed to determine carcinogenic potential,
their reliability can be questioned (8). As noted before, they are more useful for predicting
potential mutagenicity and DNA interactions than for carcinogenicity. Bacteria are
prokaryote whereas mammalian cells are eukaryotic. Other differences, including the
requirement to add mammalian enzyme systems that metabolically activate many muta-
gens, make extrapolation of results from bacterial mutagenicity assays to mammalian
systems difficult.

Use of Bacterial Mutagenicity Assays in Food Safety Assessments

Asnoted, several expert groups and individuals have recommended bacterial mutagenicity
assays, especially the Ames assay, as a component of a genetic toxicology battery in food
safety assessments. A numberof factors have been noted above thatcaninfluence theresults
of bacterial mutagenicity assays. These factors, among others, must be carefully considered
in the design of the mutagenicity studies.

At times it is necessary to consider what to test in mutagenicity assays during a food
safety assessment. If the test material is relatively chemically pure, such as a food additive
used for technical purposes, the choice of what to test is straight-forward. If the test material
is a complex mixture, the choice of what to test can be more difficult. For instance, one
choice is to test the complete mixture in the form in which it is to be used in food.
Alternatively, the major components of the mixture could be isolated and tested individu-
ally. Another choice would be toisolate and test various fractions of the mixture such as the
organic solvent soluble phase, the aqueous phase, the acid soluble phase, as well as other
phases. These could either be highly concentrated and the concentrates tested or the test
could be done at concentrations reflecting their concentration in the original test material.

The exact approach as to how to test the material of interest is dependent upon the
question to be addressed. If the results of the mutagenicity test are to be used to address the
question of potential mutagenicity in the diet, itis preferable to test the material in the form
in which itis to be used. This will allow any interactions that could occur in the mixture to
be expressed. Forinstance, if the mixture were to contain several mutagensatconcentrations
below the threshold of detectability and their individual mutagenicities were additive, the
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Table 8. Major Factors Affecting Bacterial Assays

Bacterial Strain

Metabolic Activation

Cytotoxicity

Solvents

Physical/Chemical Nature of Test Material

Table 9. Bacterial Strains used in the AMES Assay

Salmonella Strain Target Gene Mutation Type

*  TA98 Hs D Frameshift

* % TA-100 Hs G Base-pair substitution

* * TA-1535 HS G Base-pair substitution
TA-1537 His C Frameshift

*  TA-1538 His D Frameshift
Others
Other species

*  Derived from parental strain D3052
* * Derived from parental strain G-46

Table 10. Physical/Chemical Factors of Test Material

that Affect Bacterial Assays

Water Solubility (Partition Coefficient)
pH

Osmotic Pressure

Metabolic Activation

Table 11. Disadvantages of Bacterial Mutagenicity Assays

Predictability of Chronic Effects Questionable
Prokaryote

Not Sensitive to Non-Genotoxic Carcinogens
Method Dependent

Requirement for Addition of Metabolic Activation
False Positives/Negatives
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resulting mutagenicity may be above the threshold of detectability. Conversely, the
presence of antimutagens in the mixture or other inhibitory materials may result in no
detectable mutagenicity.

Other questions to be addressed by mutagenicity testing may require alternative
approaches. For instance, if a particular food preparation technique appears to result in the
formation of mutagens, then it may be necessary to subfractionate the food to determine the
chemical source of the mutagenicity. Ifitis expected that a particular manufacturing process
may produce a mutagenic contaminate, it may be necessary to test subfractions of the
mixture or individual components to determine the source of mutagenicity. Once
discovered, it may be possible to modify the process to eliminate the mutagenic component.

A number of suggestions have been made as to how to interpret the data from
mutagenicity test. These methods generally involve criteria based upon the occurrence of
a dose response and the magnitude of change compared to the background control. One
criteria used by many toxicologist is that a positive response is indicated by a dose response
with at least one dose being twice the background.

Several statistical methods may be used to analyze Ames assay data (15). One method
is the use of initial slopes determined from the dose response curves. Care must be used with
this method that the slopes are determined from the linear portion of the curve because the
revertants/plate have a tendency to plateau or even decline at high doses due to cytotoxicity
and other factors. Various methods have been developed to aid in this type of analysis (16).

In a food safety assessment the results of bacteria mutagenicity assays must be used in
context with data from the other genotoxicity assays and in vivo animal studies. Attempts
are underway to develop rational methods of incorporating genotoxicity testing data into
quantitativerisk assessments. Additional work isrequired to develop risk analysis methods
to integrate this type of data into quantitative risk analysis methods.
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Chapter 9
Current Trends in Animal Safety Testing

John C. Kirschman

FSC Associates, P.O. Box 718, Lewisville, NC 27023

Since enactmant of the 1958 Food Additive Amendment, toxicological
sciences have advanced faster that the statutes, particularly in relation to
carcinogenicity testing. For the past three decades, other than for micro-
biological issues, food safety activities have generally focused on food
additives rather than foods themselves. The knowledge collected during
this period with improved methodologies, in analytical chemistry as well
as biological sciences, along with the advent of biotechnology is now
bringing focus to questions about the adequacy of present means of testing
and evaluating the safety of complex mixtures known as foods. These
developments, remaining issues and current trends will be discussed.

I plan to review the current trends that I perceive crossing the full spectrum of test
segments used in the safety evaluation of foods and food components. Let me start
with a bit of perspective regarding the numbers of chemicals we’re dealing with. Of
the 5,000,000 plus known chemicals in our universe, somewhere between 5,000 and
10,000 are being used worldwide as food additives (7).

In the U.S. under the FD&C Act and its 1958 Food Additive Amendment,
premarket testing of food additives has been clearly codified.

While such premarket testing is not required for foods themselves, it is estimated
that they are made up of several hundred thousand natural components. Compositional
documentation is, however, actually extremely meager.

From the international perspective then, what is food? One could say that food is
anything sold as such.

Food is defined by the U.S. FDC Act as articles used for “food or drink for man
or animals, chewing gum, and articles used for components of any such article” which
pretty well fits the above definition. Premarket testing and governmental approval is
not required for foods. However, the law places responsibility on the person who
introduces any food into commerce for assuring that it complies with all applicable
safety standards and does not cause harm to the consumer.

0097—6156/92/0484—0088$06.00/0
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Please keep these things in mind as I proceed now to discuss toxicological testing
methodologies as designed for and applied to single chemicals. I’ll then move on to
issues we face in evaluating the safety of complex mixtures of unknown chemicals we
consume as food.

If we had available tests for toxicity that were asreliable, reproducible and relevant
to man, as for example pH paper is for determination of hydrogen-ion concentration,
we would already be far along into toxicological testing of all chemicals. However,
since testing will be possible in the foreseeable future on only a small portion of the
universe of chemicals, testing must be based on carefully set priorities.

In essence the 1958 Food Additive Amendment, calling for toxicological testing
of chemical additives to foods, but not for prior-sanctioned or food materials generally
recognized as safe (GRAS) by recognized experts in the field, was a very pragmatic
prioritization step for food chemicals.

The list of core toxicity tests called for on any new food additive includes those
presented in Table 1. Shown as well are typical price and time estimates for
performing such tests. Be assured that if everything proceeds perfectly well, without
any hitches which require additional or repeat research and testing, one cannot hope
to complete such a testing program on a single food chemical in less than 5 years. Even
seven years is considered by most to be overly optimistic. I shall now briefly
characterize these tests individually and mention trends and changes occurring
recently within each of these areas.

Table 1. Toxicology Tests

Test (months) (dollars)
Acute <1 2,500
Short Term 1 30,000
90 day Subchronic 3 75,000
Teratology 6 85,000
Reproduction 12 280,000
General Metabolism 12 350,000
Chronic/Carcinogen. (Rats) 24 775,000
Carcinogen. (Mice) 24 650,000
Total $2,247,500

Acute toxicity tests define the range of single oral doses thatinduce toxic and lethal
responses. Ages ago, the need to compare the therapeutic potency of different lots of
plant or animal extracts for use as medicinals led to development of bioassay
procedures which estimated the ED,, (effective dose/50% response or median ef-
fective dose) of similar materials. If the effect measured was death, the ED, became
the LD, . Later, this LD,  became a measurement for use in comparing the toxicities
of different materials. It has been used as a basis for design of rational treatments of
human poisonings and is helpful in designing longer multidose toxicity tests. Properly
used, the LD, provides information of the types of toxic effects, the onset of acute
toxicity, and a quantitative estimate of the lethal dose.
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The traditional LD, , testing for 50% lethality, is now being replaced with proce-
dures using significantly fewer (e.g. 5 animals/group or as few as 6 animals total) than
the 10 animals per group used classically. A number of the newer regulatory
guidelines permit or even encourage the use of studies yielding only an estimation of
the lethal dose.

Based on the results of such lethality tests, the rating scale presented in Table 2 has
been used for categorizing chemicals by toxic potency.

Table 2. Toxicity Rating

Probable Lethal Dose
Toxicity Class for a 70 kg man (mglkg)
6.  Supertoxic <5
5.  Extremely toxic 5-50
4.  Very toxic 50-500
3. Moderately toxic 500-5,000
2. Slightly toxic 5,000-15,000
1. Practically nontoxic > 15,000

The next level of toxicity testing includes short term tests with repeated challenges
given over 14-30 days. Such tests begin to provide the first meaningful indication of
the tolerance animals have to reasonably expected exposure in use levels of the test
material. With such information one achieves a rather dependable indication as to
whether or not the compound is safe enough to warrant further pursuit with additional
evaluation and use.

Subchronic studies are subsequently used to define the impact of repeated dietary
doses over the greatest portion of the animals’ growth and maturation period. They
generally involve one rodent (e.g. Rat) and one non-rodent (e.g. Dog), 10-20 animals
per group at each of three test dose levels, plus controls, fed for 90 days. The 90 day
subchronic test provides the most substantial information and will undoubtedly be the
workhorse test of the nextdecade. The indices, as listed in Table 3, are similar for both
subchronic and chronic studies.

At this stage of a testing program, just before or during the subchronic studies, it
can be extremely meaningful to start the absorption, distribution, metabolism and

Table 3. Subchronic/Chronic Indices

Food Intake

Growth

Mortality

Hematology

Clinical Chemistry
Urinalysis

Organ Weights

Body Weights

Gross and Histopathology
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excretion (A,D,M & E) studies. They are very helpful in establishing actual target
organ dosimetry by determining the stability and chemical character of the material
absorbed from the G.I. Tract. Such information can be quite important in determining
the direction of further research on the compound.

During or following the subchronic tests one should embark on testing for possible
teratological and reproductive effects.

Teratology is the study of the potential effects of the test compound during in utero
development. Generally performed as separate tests in the rat, mouse, hamster and
rabbit, teratological potential may also be determined as an adjunct to multigeneration
reproduction studies. A key issue in teratology testing and evaluation has been
differentiating direct teratogenic effects on the fetus from those effects resulting
secondarily from intoxication of the mother. The indices unique to a teratology study
are shown in Table 4.

Table 4. Teratological Indices

Body Weights Over Test Period
Resorptions

Toxic Response Data

Time of Death

Pregnancy and Litter Data

Organ and Soft Tissue Abnormalities
Skeletal Abnormalities

Reproduction studies are generally done with rats and mice over two generations.
Table 5 presents the key observations made in such tests.

Table 5. Reproductive Indices

Fertility Indices
Length of Gestation
Litter Size

Toxic Effects/Survival
Body Weight Data
Necropsy Findings
Histopathology

Chronic studies are used to determine the adverse effects of regular exposure to
substances over periods of at least 12 months. Their purpose is to characterize the test
material’s chronic toxicity and to define the dose at which no adverse effects are
observed. Rats and dogs are the primary species of choice for this test.

This brings us now to carcinogenicity tests the toughest part of the safety
evaluation and regulatory science conundrum because of several test characteristics
including those shown in Table 6.

Twenty-four month carcinogenicity studies are called for in both rats and mice.
This length of treatment covers the greatest portion (90+ %) of the animal’s lifespan.
The objectives of both carcinogenicity and chronic testing can be achieved in a single

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch009

July 15, 2012 | http://pubs.acs.org

92 FOOD SAFETY ASSESSMENT

Table 6. Carcinogenicity Bioassays

a) High Dollar Cost

b) High Time Cost

c) Propensity for Equivocal Results
d) Questionable Relevance to Man
¢€) Statutory (Delaney) Zero Risk

study by accommodating the needs of both in the study design. Such a combined study
will however require more animals than would either one singly.

A relatively recent review of carcinogenicity testing issues appears in the report
of the “NTP Ad Hoc Panel on Carcinogenicity Testing and Evaluation” (2). This is
recommended reading for one interested in thorough discussions on issues relating to
carcinogenicity bioassays.

Subsequent to recommendations in this report, the NTP program has been
undergoing changes to bring increased depth of science and understanding of
mechanisms into the performance and interpretation its carcinogenicity bioassays.
Nevertheless, the rodent chronic bioassay is at best a very crude tool for estimating
cancer risk for man.

In 1981 Dr. Robert Squire (3), former director of the NCI Bioassay Program, had
called for the weight of evidence to include the considerations given in Table 7.

Table 7. Carcinogenicity Weight of Evidence Indices

* Chemical similarity to other known toxicants

* Binding to dna, ma, protein

* Genotoxicity

* Metabolic and pharmacokinetic data

» Physiological, pharmacological and biochemical properties
* Number of species effected

» Number of tissue sites effected

* Latency periods

* Dose response relationships

* Nature and severity of lesions induced

As NTP gathered more of its own data on non-carcinogens and reviewed the
control data, its position has also shifted from the early 1980’s to include greater use
of weightofevidence in their evaluations. Indeed inarecent 1990 article (4) Dr. Haseman
of the NIEHS states “In particular, a decision rule that routinely labels a carcinogen
whenever a single tumor increase is significant at the 5% level for any exposed group
can result in a false positive rate considerably greater than the nominal 5%.” He went
on the say, “also, statistical decision rules should not be employed as a substitute for
sound scientific judgement in the overall evaluation of these experiments.”

The most provocative and perhaps significant new test to appear in the past two
decades was the salmonella test for mutagenicity introduced by Dr. Bruce Ames in the
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early 1970’s. For a while some people thought a “litmus test” had been found to replace
the lengthy and costly carcinogenicity bioassays.

In the mid-1970’s the FDA commissioned a FASEB Special Committee on Flavor
Evaluation Criteria (SCOFEC) whose report recommended that all flavors should be
tested with the Ames test. Those flavors testing positive were then to be tested further
via the full gauntlet of toxicity tests then required for food additives, including
carcinogenicicity testing. Estimates of this dollar cost to the food and flavor industry
ran as high as three hundred million dollars. This recommended course of action was
fortunately not pursued by FDA. Basically the reliability and relevance of the Ames
test to human safety had not yet been adequately established.

Since that time, as more short term mutagenicity tests were developed, their
reliability and relevance continued to be evaluated. In 1987 Tennant et al reported (5)
that evaluation of results for 73 chemicals tested in four short-term tests (STT) for
genetic toxicity and in two rodent bioassays for carcinogenicity demonstrated only
about 60% qualitative agreement (i.e. concordance) between STT and bioassay
results. The authors concluded that “no single in-vitro STT adequately anticipates the
diverse mechanisms of carcinogenisis; and, more important, the advantage of a battery
of in-vitro STTs is not supported by results of the present study.” It was emphasized,
however, that it would be prudent not to dismiss their importance for detecting
genotoxic chemicals because of health concerns aside from cancer.

Brockman (6) pointed out that it is curious that the equally low concordance (67 %)
between rat and mouse carcinogenicity bioassay results for these 73 chemicals has not
received equal attention. It is also true that a carcinogenicity assay in one rodent
species does not adequately anticipate the diverse mechanisms of carcinogenisis in the
other rodent species.

Since my topic is trends, I must point out that previous studies had shown
concordance values as high as 90% for STT's and rodent bioassays , and as high as 85%
for the two rodent bioassays. Indeed Tennant et al (5) point out, that the 73 NTP
chemicals and their 60% incidence of carcinogenicity are probably not representative
of the universe of chemicals but rather reflect the present chemical selection process
for the NTP carcinogenicity assay.

Consider now the potential adverse impact of having had to test the 40% false
Ames test positive flavors in chronic rodent bioassays which in turn yield equivocal
results of questionable relevance to product safety for human use.

It is now felt that a more appropriate approach to prioritization and safety review
of flavors is that proposed by the Flavor Extract Manufacturers Association (FEMA)
(see Chapter 16, by Dr. Otho Easterday).

I’'m sure the chapter by Dr. Gary Williams, will provide a more up-to-date
assessment of the value and use of genetox tests. Research continues towards
developing methods for effectively evaluating potential for additional toxicological
endpoints including immunotoxicity, neurotoxicity and behavioral toxicity. Such
methodology has not yet become a routine part of requried toxicity testing programs.

While the existence of many natural toxicants had been documented earlier (7), it
was indeed interesting to read the 1983 science article (8) by Dr. Bruce Ames in which
he described the presence of a great variety of natural mutagens and carcinogens, as
well as anti-mutagens and anti-carcinogens in the human diet. Dr. Ames concluded
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that “characterizing and optimizing defense systems (e.g. natural anti-oxidants) may
be an important part of a strategy of minimizing cancer and other age-related
diseases”. This is certainly a point to be considered extremely important as we
consider whole foods.

This brings us to our future challenges regarding food safety. As prefaced by the
considerations just described for flavors, attention is now turning to other natural
components, chemicals introduced by processing (e.g. heat) and to foods themselves.
Development of new foods via biotechnology is adding significant impetus for this
new focus on natural food components.

Dr. Scheuplein’s paper (Scheuplein, R., FDA, May, 1990 Conference on New
Food and Food Chemicals at the National Academy of Sciences) is a fine treatise on
this issue. Please keep in mind that most of the food related toxiciy issues faced since
1958, other than microbiological, have been concerned with single characterizable
chemicals. We must now address mixtures of unknown chemicals eaten in large
quantities (> 1% of diet) as we deal with foods themselves. Caution, yet due diligence,
is needed in approaching safety testing and evaluation of complex matrices we know
as foods.

Inanticipation of challenges to the food safety sciences by new food biotechnologies
a consortium of food and biotechnology companies assembled a group of expert
scientists that undertook the development of a guideline document in which scientific
criteria are recommended for use in evaluating new foods developed via biotechnol-
ogy. This International Food Biotechnology Council’sreport on “Biotechnologies and
Food: Assuring the Safety of Foods Produced by Genetic Modification” (9) has re-
ceived a very broad international peer review, and was published in December 1990
as a special issue of Regulatory Toxicology and Pharmacology (RT&P). The
executive summary of the IFBC document has been published as a separate article in
the August, 1990, issue of RT&P.

I'had the privilege to be one of the authors of the IFBC document and with the full
endorsement of IFBC I now share with you the key findings and recommendations
relative to product safety evaluation contained in chapters 5 & 6. By so doing, I do
believe we’ll be getting a close look at the future food safety issues and activities.

Before continuing however, I'd like to remind you again the tremendous issues
raised by any attempt at straight forward application to foods of all the traditional
toxicological approaches that have been applied to food additives.

Remember that our present safe and wholesome foods, variable mixtures from
over 200,000 components, have never been thoroughly analyzed nor seen a laboratory
animal toxicity test. We must rely heavily on the breeding and agricultural practices
that have so successfully produced our wholesome and abundant foods and then
integrate with them any new safety assessment procedures found necessary.

IFBC recommends that:

1. A decision tree approach be used for assessing the safety of whole foods and
food components.

In evaluating genetically modified products via the decision tree it will be noted
that their safety evaluation is geared principally to an evaluation of their inherent
constituents as a means of ensuring the safety of the whole food as consumed.
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Accordingly, the decision tree does not include a formal requirement for safety/
biological testing of the final product (not unlike the introduction of new cultivars by
traditional plant breeding practices). Nevertheless, a prudent manufacturer, who has
the ultimate rersponsibility for product safety may, depending on the particular
product being dealt with, undertake some degree of testing of the final product in
animals and/or humans prior to placing the product on the market. Whenever such
testing is considered, the specific approach, type and methods of test must be very
carefully customized to the particular product keeping in mind the rationale of this
overall document.

It makes the point also that following any appropriate, and if necessary, animal
tests and setting a tentative exposure level, human volunteer studies to test for human
tolerance should be designed. Following simple organoleptic evaluation, the first
human study should involve the feeding of a single meal containing the macroingredient
at a known dose level to one volunteer at a time. If no harmful effects are observed
with several volunteers, studies involving the feeding of the novel food for a short
period (initially about four weeks with follow-up studies of longer duration) should be
performed.

Of course the less experience, knowledge and data one has about a new product’s
origins and composition the greater the effort needed to reduce the level of concern to
an equivalent of that of the competing traditional product.

2. The safety evaluation of single chemical entities and simple chemically-
defined mixtures used at low levels continue to be based on the conventional
toxicology and safety evaluation practices presently being used.

It goes on to point out that complexity arises because some simple substances, such
as sucrose and high-fructose corn syrup, are used at high levels in food, and therefore
encounter many of the same safety evaluation problems as foods and complex
mixtures. Conversely, there are many complex mixtures, such as spices, essential oils,
or papain that are only used at low levels. The safety evaluation of such food
components becomes a blend of the problems and opportunities that accompany
traditional natural foods, and those that are associated with single ingredients used at
low levels.

3. The initial basis of the safety evaluation of a genetically modified food should
begin with consideration of the lineage of all genetic materials present in the final food
product.

4. The principal feature of the safety evaluation of genetically modified food
products should be a comparison of the composition of the new product with its
traditional counterpart in regard to the levels of inherent constituents.

5. A food product should be considered to present no safety concern if analytical
studies indicate that the concentration of inherent constituents does not differ sig-
nificantly from the concentration range typical of the traditional food, and any new
constituent(s), if present, is already accepted for use in food under the anticipated
conditions of use.

6. Procedures for safety evaluation of whole foods and other complex mixtures
should be closely linked to existing agricultural and food processing practices as well
as to the regulatory status of comparable traditional foods and ingredients.
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7. A food product should be considered to present no safety concern if use of the
food would not be expected to alter significantly the present intake of it or its
constituents in comparison with the traditional product, and the proposed conditions
of use of the new product would not reasonably be expected to lead to such an intake
of the food that the total intake of any constituent would exceed the amount acceptable
under the standard of safety appropriate for that constituent.

8. Further safety evaluation of a food product should be required if:

(a) analytical studies demonstrate a significant change in the levels of
inherent constituents of the food or;

(b)  the new constituent(s) is not an accepted food ingredient and its safety
under conditions of use requires further evaluation.

9. The standard for a significant nutrient (one that food supplies, in the average
diet, 10% or more of the dietary need) should be the mean value reported in the
literature plus or minus 20%. If the food is not extensively pooled, as for example
potatoes, IFBC recommends that the standard should be the mean reported in the
literature plus or minus 2 standard deviations or 75% of the reported range, where a
standard deviation is not available.

Ifanutrientin a food supplies less than 5% of the average dietary need, the nutrient
may be considered non-significant for the purpose of this evaluation. The range from
non-significant (less than 5%) to significant (more than 10%) is a judgmental area.

Depending on the nature and intended uses of macroingredients, studies in animals
may be needed to supplement the chemical studies. It must be recognized thatif animal
studies are employed in the safety evaluation of whole foods and macroingredients
that the traditional 100-fold safety factor approach to establishing acceptable human
exposures will have limited validity. Indeed, one should not apply any biological test,
or analytical test for that matter, to a new food product until it has been shown to work
effectively with the traditional counterpart product.

Challenges facing us in any attempt to implement according to these IFBC
recommendations include:

Food Composition. Relative to the task ahead, our knowledge and data base of
composition of foods is grossly deficient to non-existent. In addition, the very fact that
natural foods demonstrate extreme variabilities in composition due to genetic and
environmental stress factors many analyses are necessary to obtain representative
data.

Methods of Food Analysis. While a wide variety of sophisticated analytical
chemistry techniques are available, they generally have not been adapted and applied
to food systems. Also, there are very few chemists available or being trained in this
field.

Animal Feeding Studies. As customarily performed and evaluated toxicology
tests are inappropriate and will require significant revision before they can play an
effective part in evaluating the safety of whole foods.

Human Clinical Testing. while the need for human trials with new foods is
becoming more and more clear, there is yet no rubric under which such studies should
be performed. Indeed, this subject is getting increased attention (see Chapter 11, by
Dr. Glinsmann).
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In essence we’re faced with building a scientific bridge between the procedures
used in the past for developing and introducing new cultivars of food plants and those
becoming available as a result of incorporating recent biotechnological procedures in
one step of the overall process.

There’s a similarity between this bridge we need and the Tappan Zee bridge across
the Hudson River at Tarrytown, New York. While the West end of the bridge rests on
bed-rock, the East end rests on a multi-story concrete and steel caisson floating on the
riverbottom. In order to bridge our new biotech foods with the traditional plant
breeding and agricultural system, greater amounts of “bed-rock scientific data” will
be necessary the more novel and different the new product is from the traditional
products for which assurance of safety rests on centuries of experience. Enough data
must be collected to demonstrate that there is no more reason to be concerned about
the safety and wholesomeness of the new product than there is for the traditional
counterpart product.

In summary, while we see some maturation in the safety and regulatory assessments
of single ingredients over the past several decades, we presently find that:

* Testing Costs - The numbers and varieties of toxicity tests continue to rise.

* Carcinogenic bioassays - These are not as sensitive and reliable for deter-
mining carcinogenic potential for man as once believed.

* Genetox Tests - These tests, while useful forresearch quidance, by themselves
are not reliable predictors for carcinogenicity potentials in mammals.

* The 30 day and 90 day Feeding Studies - These will become the workhorse
toxicity tests for food materials in the next decade.

* Metabolism and Pharmacokinetic Data - Such data for single chemicals is
increasing rapidly in importance.

* Human Clinical Studies - Use of human clinical studies will become an ever
increasing part of the evaluation of new foods and their ingredients.

* Immunotoxicity, Neurotoxicity, and Behavioral Toxicity - Research con-
tinues towards developmeént of appropriate tests in these areas.

* Traditional Toxicity Tests - The animal tests and approaches used tradi-
tionally by toxicologists are inadequate and often inappropriate for evaluating new
food ingredients that are to be consumed at greater than 1% of the diet. While existing
toxicological methodologies are designed to determine the levels at which exposure
to a material leads to adverse effects, evaluation of new whole foods must be a matter
of assuring that the level of concern of the new product is no more than its traditional
counterpart with which it will compete.

There is really no reason to be more concerned about the safety of foods derived
via use of biotechnology than there has been with traditionally derived foods.
Nevertheless, the advent of biotechnology has brought a new focus onto the entire food
system. Addressing the issues prompted by biotechnology focuses on the fact that
much needs to be done for developement of methods for comparative food compo-
sition, nutrition, chemical and microbiological safety of foods in general.
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Chapter 10

Acute and Chronic Toxicity Testing
in the Assessment of Food Additive Safety

David G. Hattan

Center for Food Safety and Applied Nutrition, U.S. Food and Drug
Administration, 200 C Street, SW, Washington, DC 20204

This paper describes the history and present policy of the Food and Drug
Administration regarding the use of the LD, test procedure in support of
the safety of food additives. Current issues affecting long-term testing
such as the maximum tolerated dose and the survival of animals are
discussed. The toxicological safety assessment of novel foods with low
caloric density provides regulatory toxicologists with a special challenge.

In his classic paper (), J.W. Trevan described the calculation and measurement of the
acute toxicity of drugs, referred to subsequently as the LD, i.e., the single dose ex-
posure of a test substance needed to produce lethality in 50% of the animals tested.
Unfortunately, with the passage of time, the LD, value became accepted as charac-
terizing the acute toxicity of a substance. Actually, as will be discussed later, it is only
an unrefined and extreme measure of the acute toxicity of a substance. Its very
appearance of objectivity and discreetness led to its widespread utilization. Indeed,
until recently, the LD, was treated by some in the scientific community as possessing
the characteristics of a biological constant (2).

The fact that the LD, determination is not a constant value is well documented by
a number of authors (/-4). Zbinden and Flury-Roversi (4) surveyed the acute toxicity
literature for five substances to assess the consistency of results from several LD, tests
of these substances. The ratio of the largest dose to the smallest dose for LD,
determinations of these five substances in a number of tests varied from 3.7 to 11.3.

The significance of the LD, value as a consistent indicator of acute toxicity has
to be questioned when it can vary this widely. The reasons for this variability include
differences in results of various studies with regard to species tested, age of animals,
weight, sex, genetic influences, health and diet, degree of food deprivation, route of
administration, ambient temperature, housing conditions, and season (4). In addition
to these considerations, each test conducted to establish a value foran LD, juses alarge
number of animals.
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Asdescribed in the first edition (1982) and as anticipated in the revision of the FDA
“Redbook” (now under way within the agency), itis not necessary to provide an exact
LD,,. If the sponsor of a food additive wishes to provide the FDA with an LD, then
an approximate value will suffice. The FDA has stated that the “classical” LD, test
is not an FDA-required procedure for determining safety and its use is not part of
agency testing policy (5). There are several test procedures that have been developed
recently to maximize information on acute toxicity without using large numbers of
animals (2,6). Most of these newer study techniques emphasize studying each animal
for additional information to assess the toxic effects on organ systems as well as to
observe overall symptoms of toxicity and recovery (6).

Before deciding upon the actual doses to be used in testing a new substance, the
intrinsic biological and chemical activity of the compound should be considered as
well as factors such as chemical and physical characteristics, molecular weight,
partition coefficient, and toxicity of related compounds. For example, the corrosiveness
and local tissue toxicity of a highly acidic or caustic substance may bear little
toxicological relevance to the degree of general systemic toxicity of the same
substance (7).

If one is proposing to test a substance that appears to be relatively nontoxic, one
might give a dose of 5 g (ormL)/kg body weight to a small number of animals (perhaps
five) and monitor them closely for up to 14 days for toxicity and recovery. This period
of observation could be followed by a pathological examination of the test animals to
determine any organ system toxicity. If no test animals die at this dose, then the acute
toxicity can be indicated as being “greater than 5 g/kg.” This type of procedure to test
first for low toxicity by administering a single, large dose is referred to as a “limit test.”
Practically speaking, this dose of 5 g or mL/kg is near the practical upper limit of what
can be given by gavage in a single dose to a rodent.

Other types of dosing protocols are available, e.g., the so-called dose-probing
design, in which one animal for each of three different widely spaced doses is tested.
After a sufficient period of time (up to 14 days), one might decide based on these
results whether and how to select other intermediate doses (7). Another type of acute
toxicity design is often described as the “up-and-down” procedure. In this approach,
one animal at a time is dosed; then another animal is dosed 1 or 2 days later with a
different dose until an approximate LD, is obtained (6,8). It is again appropriate to
emphasize that a more complete examination of a few animals will provide more
useful data than will a superficial examination of a large number of animals as in the
traditional LD, test.

Another general area of toxicity testing that has been the subject of intense and
widespread discussion is that of long-term testing to assess the chronic toxicity and
carcinogenic potential of food additives. Much of the recent debate has been
concerned with the issues of “MTD” or “maximum tolerated dose” and animal
survival.

The appropriate use of the MTD has been and continues to be one of the most
intensely debated issues in toxicological testing. This is not surprising because the
outcome of carcinogenicity testing and the ultimate fate of food additives are so
dependent on the level of exposure (doses) of the test animals to the substance being
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tested. The so-called Delaney Clause of the Food, Drug, and Cosmetic Act prohibits
a substance from being added to food if that substance produces cancer in either
animals or man. On one hand, the dose to be tested should be relatively high to
compensate for the inherent lack of sensitivity of the carcinogenicity bioassay, but on
the other hand, the dose should not be so high as to be unrepresentative of the toxicity
to be expected in humans at lower doses (9).

The MTD is determined (actually estimated) after a careful analysis of data from
subchronic toxicity testing. Based on the National Cancer Institute guidelines of 1976,
the definition of the MTD is as follows: the highest dose that causes no more than a
10% weight decrement, as compared to the appropriate control groups; and does not
produce mortality, clinical signs of toxicity, or pathologic lesions (other than those that
may berelated to a neoplastic response) that would be predicted to shorten the animal’s
natural life span (10).

Astime has passed and our experience with carcinogenicity testing has accumulated,
it has become clear that a broader range of biological information is needed to select
the MTD. For example, now it is possible to utilize data concerning changes in body
and organ weight and clinically significant alterations in hematologic, urinary, and
clinical chemistry measurements in combination with more definitive toxic, gross, or
histopathologic endpoints to estimate the MTD (11).

Some of the advantages of using the MTD are (1) compensating for the insensi-
tivity of the carcinogen bioassay, including the relatively small number of animals
used for testing; (2) providing consistency with other models used in toxicology (high
enough doses must be used in order to elicit evidence of presumed toxicity); and (3)
allowing comparison of carcinogenic potencies of substances even when the data are
collected from different studies (9).

Of course, there are also disadvantages to using the MTD concept. For instance,
just using the word “maximum” allows some people, especially among the general
public, to assume that these doses are impossibly high compared with those to which
they as consumers are exposed. In reporting a carcinogenic response, it is rare that a
full and balanced explanation is given of what the risks of exposure to a substance
actually are in the context of the consumer’s everyday experience. In addition, the
definition of MTD is not consistent. Thus, it is possible for investigators looking at
one set of data to conclude that their analysis shows that the MTD has been exceeded,
whereas other investigators will conclude that the MTD has not been achieved. This
disagreement might be over the interpretation of metabolism data or whether an organ
alteration was adaptive or toxicologic. Finally, itis possible for a high dose that clearly
exceeds the MTD to produce a carcinogenic response, while the next lower dose,
which does not exceed the MTD, produces no carcinogenic response. Some inves-
tigators would claim that this substance should not be labeled an animal carcinogen
9).

McConnell (9) suggests that it is justifiable to use the MTD in carcinogenicity
studies of substances for which there is little or no control over exposure, such as those
indrinking water, food, air, or the work environment. Another method of deciding the
dose might be to select a simple multiple of the human exposure, such as 1,000 or
10,000.
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A second general topic that has attracted discussion with regard to its potential
influence on the conduct of carcinogenicity bioassays has been the proportion of test
animals surviving at the termination of chronic studies, also referred to as survival.
Many toxicological guidelines have standards for valid negative carcinogenicity
bioassays that require at least 50% survival of rats until 24 months of age (12).

This particular standard for valid negative carcinogenicity bioassays is included
to help assure regulatory agencies that when a substance is tested for carcinogenicity,
there have been a sufficient number of animals on test for a sufficient period of time
for any tumorigenic potential to be adequately assessed. Until recently, there had been
little or no indication that commonly used rat strains presented any problem of
survival. Within the past year or so, however, industry (Burek, J. D., Merck, Sharp &
Dohme Research Laboratories, West Point, PA, personal communication, 1990) and
the National Toxicology Program (Rao, G. N., National Institute of Environmental
Health Sciences, Research Triangle Park, NC, personal communication, 1990) are
apparently having difficulty in reliably achieving a 50% level of survival at 24 months.

Industry is naturally concerned about this trend and is trying to monitor and solve
this problem before it starts to impair their ability to conduct adequate chronic toxicity
and carcinogenicity studies. The FDA and other regulatory agencies will be closely
watching developments in this particular area of toxicological testing. It may be that
if this is a definite trend across time rather than a short-term difficulty, serious
consideration will have to be given to developing means of addressing this problem.
One general suggestion is that animal breeders include adequate longevity as one of
the desirable characteristics in selecting for their future generations of breeding
colonies. At this point, breeders select mainly for fecundity and rapid growth in their
breeding stocks.

The final topic for discussion is that of toxicity testing to support the safety of a
class of substances referred to as “novel foods” or “low nutrient density foods.”
Subsequently in this paper, these materials will be referred to as NFs.

In the U.S. there is a keen interest in the development of public health policies and
technological advances that will assist in the reduction of morbidity and mortality
associated with ischemic heart disease (IHD). In 1985 coronary heart disease, cancer,
and stroke resulted in 783,000, 330,000, and 210,000 deaths in the U.S., respectively,
and resulted in costs of more than $100 billion in morbidity and hospital care (13).

One of the most useful approaches in lowering the toll from IHD would be to lower
body weight and/or reduce the proportion of fat being eaten by the typical U.S.
consumer. The U.S. Surgeon General’s Reporton “Nutrition and Health” recommends
that the present proportion of fat in the diet (on average 37%) be reduced to no more
than 30% and that the 25% of Americans who are now overweight could reduce their
long-term health problems (obesity, diabetes mellitus, and atherosclerosis) by attaining
their ideal body weights (14).

Given the persistence of dietary habits and the great difficulty in changing them,
it may be that an entirely new approach will be required to produce the desired
reductions in dietary fat and/or caloric intake. Toward this end, the research and
development departments of international/multinational companies, including phar-
maceutical and food and chemical companies, have been engaged in a search for food
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additives or food-like materials that may be used as complete or partial replacements
for fats, oils, bulking materials (intended to act like flour or sugar), and artificial
sweeteners in the foods we eat. These NFs are intended to fulfill all the technological
requirements of fats, oils, bulking materials, and natural sweeteners as used in foods,
but once in the gastrointestinal tract, they are neither digested nor absorbed. Such
properties make these NFs essentially noncaloric.

Although NFs are interesting in and of themselves, they provide regulatory
toxicologists with a special challenge to define exactly how they are to be tested to
assure their safety as a common and chronic part of the American food supply. Some
of the characteristics inherent to NFs complicate toxicological testing. For example,
because NFs are food-like, they are consumed in food-like quantities. This means that
the average consumer could, depending on how widely the material is spread
throughout the food supply, consume substantial amounts each day.

The ingestion of relatively large quantities means that the usual dose exaggeration
found in toxicological testing for food additives, which are used in much smaller
amounts, will be unavailable for these substances. This is true because as the
percentage of normal daily intake of a food additive reaches 1% or above, it is not
possible to get dietary exaggeration of more than 10- to 20-fold. In many dietary
feeding studies with other more “potent” food additives, it is not uncommon to have
a 1000- or 10,000-fold exaggeration in the dietary mix used in a toxicological study,
compared with the level of expected human exposure in the diet. With these latter
“potent” food additives, it is entirely possible to apply safety factors of 100-fold, while
with the food-like NFs, it is not possible.

This smaller margin of safety between the dose fed to animals and the level of
expected human exposure means that the toxic endpoints in animal studies will have
to be very clearly and unambiguously defined. In addition, it implies that even after
the safety testing in animals is complete, additional careful studies with humans will
have to be conducted to confirm that the human responds in much the same manner
as the animal model used for testing.

Another potential complication of toxicological testing for these substances is that
of obviating the possibility of nutritional interactions leading to seemingly substance-
mediated toxicity. For example, if the new NF signifcantly reduced vitamin or mineral
absorption, it might elicit adverse effects in the animal model simply because of this
nutritional effect. Therefore, early studies with these materials will have to determine
what, if any, nutritional effects these substances have and then modify the testing
designs of the normal toxicological feeding studies to compensate for these nutritional
effects.

As suggested above, these materials will probably pass through the gastrointes-
tinal tract rather than be absorbed. This characteristic may require development of
other data. For example, what might the influence of this substance be on the rate of
gastrointestinal transit? Is there any laxation effect? If so, how much at what dose?
Are there any adverse effects on disease states of the gastrointestinal tract, such as
Crohn’s disease or gastroenteritis? Are there any influences on the bioavailability of
certain drugs, especially ones with a small therapeutic margin, such as the digitalis
alkaloids? What about the long-term effect on human nutrition? Is there interference
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with the absorption of vitamins and/or minerals? If so, is there an effective way to
counteract these effects, and if so, how?

In summary, although it is clear that novel foods with the capability of serving as
low calorie food-like substitutes could provide a valuable contribution in altering and
improving the macronutrient intake of those in the general population of the U.S. who
need this assistance, it is also clear that there are major challenges in supplying answers
to important animal and clinical toxicological questions. Itis only after these difficult
and, attimes, unique issues have been satisfactorily resolved that these novel foods can
be approved for addition to the U.S. food supply.
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Chapter 11

Usefulness of Clinical Studies in Establishing
Safety of Food Products

Walter H. Glinsmann

Center for Food Safety and Applied Nutrition, Division of Nutrition, U.S.
Food and Drug Administration, 200 C Street, SW, Washington, DC 20204

The safety assessment of a food or food additive is a risk assessment of a cumulative
food or additive use. Itis limited by current scientific knowledge and often involves
considerable judgment about science. The safety standard which is used to support
regulatory actions varies according to product type, history of use, and regulatory
category.

Traditionally, food additives are considered safe for food use when a large safety
factor or margin of safety exists between the amount the consumer ingests and the
amount that causes no adverse effects in the animal used to test for food additive safety.
This approach may not be sufficient for ostimating safety when there are high intended
use levels, significant inter- and intra-species variation in physiological effects or
metabolism of an additive, or when adverse health effects are different in animals and
humans. Also, foods are increasingly being tested for their role in disease prevention
or disease management. Animal or in vitro models often are insufficient for assessing
validity of health claims or estimating health risk that might accompany special dietary
or therapeutic uses of food products.

The thesis of this chapter is that recent developments in food uses and consider-
ations about food safety contribute to an increased need for human testing to assure
safety and suitability of new uses, and that several issues surrounding such testing
involve complex ethical considerations and a novel mixture of current food and drug
law. The agency is developing guidelines for clinical testing of food and color
additives; however, these guidelines will pertain to only a limited segment of the
concerns about clinical testing of new foods and food components.

Changing Food Use and Safety Concerns

Traditional food products have been primarily assessed for their safe use in the general
population. They were developed to deliver adequate energy and nutrients and
achieve functional or technical effects that produced improved products in terms of
preservability, lack of contamination, improved organoleptic or aesthetic quality, and
cost effectiveness. Many innovations in macro food components were made by
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processing of ingredients which had a long history of safe use and the resulting “new”
food component was in fact a product that could be assessed predictably in terms of
safety of use by estimating exposures to the component ingredients. A recentexample
of action on this type of product is the approval of the microparticulated protein
product Simplesse for use as a fat substitute in frozen desserts. Protein quality was
shown to be equivalent to that of the original ingredients and estimates of effects of
increased exposure to protein and other components were easily assessed. Novel
ingredients, such as artificial sweeteners with intense sweetness, are quantitatively
minor components of foods and thus can be subject to safety assessments involving
a large exposure safety factor based on traditional animal testing. Examples are the
safety assessments supporting the approval of aspartame or acesulfam-K uses. This
approach to product development and the ability to introduce a large exposure safety
factor is applicable only when the amount of the new addition is small compared to the
total diet.

Food products are now being developed to promote health and to prevent, mitigate,
or manage disease, primarily chronic diseases and obesity, but also acute or subacute
illness. A major focus of food product development is on the reduction of caloric
density and on the reduction or addition of specific macro components such as
saturated fatty acids and specific types of dietary fiber. In many cases, these products
will have relatively high use levels as bulking agents, forms of dietary fiber, low
intensity sweeteners, and fat substitutes. Many may be novel compounds without any
history of use. In terms of safety assessments, animal models may be limited in their
usefulness because of differences compared with humans in tolerance, metabolism,
physiological responses, nutritional requirements, or susceptibility to the influence of
how humans versus the animal model may consume food.

The development of new food products to promote health is in part supported by
our greatly expanded knowledge of basic biological mechanisms involved in the
development of diseases. Paradoxically, this expanded knowledge also leaves us with
questions about the adequacy of the basic paradigmss we have used to judge safety. As
knowledge expands, so does the number and typeof questions related to safety of use
of food components or of the adventitious effects of manufacturing and preservation
processes. These circumstances then reflect on the applicability of animal or in vitro
models to predict safety. This places the FDA and others concerned with food safety
assessments at a difficult juncture. Should we now develop and validate a new
generation of animal and in vitro models to address a new generation of concerns about
food safety? Alternatively, should we move in the direction of increased human
testing? Although human testing would proceed in a graded fashion to minimize risk
and would be performed with full informed consent, it raises questions of an ethical
nature. Foods are mandated to be safe and until demonstrated to be safe, human testing
is not easily justified as being appropriate.

I'have drawn an oversimplified dichotomy to make a point, i.e., if we are to approve
a number of new food additives for use for health promotion and disease prevention,
we may need to consider some form of risk vs. benefit analysis in the approval process
before we encourage expanded human clinical testing to assess safety of use. We also
may need to consider greater use of restricted marketing and approval of manufactur-
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ing processes. The changing perceptions about how foods or food additives should be
developed for health promotion and disease prevention may require a fundamental
rethinking of the safety standards for approvals including dichotomous standards for
marketing of foods for special dietary use as opposed to foods that are marketed for
the general population for taste, aroma, and general nutritional content.

Finally, in the matter of law, it is important to note that, during the past year,
Congress has passed the Nutrition Labeling and Education Act (NLEA). This act,
which provides for mandatory uniform nutrition labeling, also alters our consider-
ations andpotential need for human clinical testing in that it provides for health claims
on food for the general population; it requires consideration of health claims for dietary
supplements which are in a category of Foods for Special Dietary Use; and it defines
“medical foods” in food law. The NLEA thus provides some additional stimulus to
consider that efficacy to satisfy label claims as well as safety testing for foods and
additives will need to be considered in the near future and that appropriate labeling will
be defined to assure safety of use as well as potentially beneficial effects on health.

The Food-Drug Spectrum

Food safety evaluations are constrained by food law and regulations, by various policy
decisions, and by previous regulatory actions and legal decisions. In this regard, it is
important to recall that the definition of food is limited to articles used for food or drink
for man or other animals, chewing gum, and articles used for components of any other
such article. Foods do not have any particular beneficial health use associated with
their definition; they are not approved on a benefit vs. risk paradigm; and there are no
adequate directions for use associated with their labeling. Drugs, on the other hand,
are articles intended for use in the diagnosis, cure, mitigation, treatment, or prevention
of disease in man or other animals and articles intended to affect the structure or any
function of the body of man or other animals. While it is possible to have a product
that is both a food and a drug, the agency has not, as of now, defined a category of a
food-drug hybrid. Itis of interest that in the drug-cosmetic spectrum, the agency has
taken such action in that tooth paste (a cosmetic) containing fluoride to prevent dental
caries (a drug claim) is both acosmetic and a drug and is regulated under both cosmetic
and drug law. The NLEA now defines categories of foods eligible for health claims
that may make the consideration of such a hybrid designation a viable consideration,
namely by defining a medical food category as distinct from other foods for special
dietary use.

In the past, when food law had been inadequate to assure appropriate marketing
of a product which had beneficial health effects, such as total parenteral nutrition
solutions or injectable vitamin products, such products were simply classified and
regulated as drugs. Clinical testing for these products has been conducted under
investigational new drug procedures. The area of “Foods for Special Dietary Use”,
which is defined as a food category, also could be logically thought of as an area to
develop regulations for clinical suitability and safety testing under food law. Para-
doxically this area was largely defined at a time when Congress wanted to limit the
agency’s ability to regulate vitamin and mineral supplements as drug products; hence,
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additional regulatory actions which would require clinical testing to document
suitability of products for special dietary use were impractical. No action has been
taken to implement clinical testing for foods for special dietary use with the exception
of infant formulas.

Foods for special dietary use is a category that is principally defined by Section 411
of the Federal Food, Drug, and Cosmetic Act (FD&C Act) — often referred to as the
Proxmire Amendment of 1976 — and Part 105 of Title 21, Code of Federal
Regulations (21 CFR 105). Special dietary use is distinguished from general food use
by (i) supplying particular dietary needs which exist by reason of physical, physiologi-
cal, pathological, or other conditions, including but not limited to conditions of
diseases, convalescence, pregnancy, lactation, allergic hypersensitivity to food,
underweight, and overweight; (ii) supplying particular dietary needs which exist by
reason of age, including but not limited to infancy and childhood; and (iii) supplement-
ing or fortifying the ordinary or usual diet with any vitamin, mineral, or other dietary
property. The Proxmire Amendment gave vitamin and mineral supplementation
products special status and limited the FDA from establishing maximum limits on the
potency of any vitamin or mineral dietary supplement unless for reasons of safety or
from classifying a vitamin or mineral as a drug solely because it exceeds the level of
potency which is nutritionally rational or useful. This amendmentraises uncertainties
about how to approach the area of health claims for food supplement products which
are based on nutritional rationality. It effectively has prevented the implementation
of a requirement for efficacy and safety testing data for the marketing of various
combination nutritional supplement products providing claims for efficacy are made
only in advertising (under the jurisdiction of the Federal Trade Commission) and not
in labeling (regulated by the Food and Drug Administration). In this area, it is the
agency’s responsibility to prove that a given use of a vitamin or mineral supplement
is unsafe before taking any adverse action against products that are properly labeled.
The agency relies heavily on epidemiological and survey data to monitor this area.

A category of special dietary use foods that now relies on limited human clinical
testing is infant formulas. Thisincludes “exempt” infant formulas, which are formulas
that are specially formulated to meet the needs of infants with inborn errors of
metabolism or special dietary needs. These products now have independent regula-
tory status defined by the 1986 amendments to the Infant Formula Act of 1980.
Regulations governing the safety, nutritional adequacy, and labeling of these products
have been developed. Some formulas are exempted from the compositional require-
ments of standard infant formulas because they are specially formulated and labeled
for use by infants who have specific metabolic needs because of inborn errors of
metabolism, low birth weight, or an otherwise unusual medical or dietary problem.
The assessment of safety of these formulas relies on clinical testing to assure their
suitability (efficacy) for use. In general, clinical testing verifies that the product will
support growth and development and will mitigate the obvious effects of inherited
diseases. Application of exempt infant formula regulations to the approval of products
for managing inherited metabolic diseases other than those expressed in infancy is not
appropriate under the Infant Formula Act; such products are currently considered as
medical foods.
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Medical foods constitute a conceptual category of food use that has changed over
time. A brief understanding of the evolution of this category may help in understand-
ing how it may be classified and regulated in the future with regard to requirements
for human clinical testing. In 1972, the concept of “medical foods” was developed to
efficiently bring to market specialized formulas to manage infants with inborn errors
of metabolism (e.g., low phenylalanine formulas for infants with phenylketonuria).
These products, considered to be drugs before 1972, were in fact “orphan” products
in that they were developed for the nutritional management of diseases that occurred
very rarely. Thus, there would normally be no economic incentive to manufacture
these products. Since early products in this category simply depended on minor
nutritional modifications (e.g., deletion of a single amino acid) to make them safe and
for target populations, full review for suitability and safety under investigational new
drug requirements was not deemed necessary. Furthermore, it was assumed that
recipients were being closely monitored by physicians. While these products
subsequently became regulated as exempt infant formulas, the need remained for a
medical food category to address the many newly formulated nutritional products that
were being developed for disease management not limited to inborn errors of
metabolism expressed early in development.

The Orphan Drug Act of 1982 subsequently defined a special procedure and
incentive for developing orphan products, and in 1988 this Act was amended to
include medical foods. By that Act, “The term ‘medical food’ was defined as food
which is formulated to be consumed or administered enterally under the supervision
of a physician and which is intended for the specific dietary management of a disease
or condition for which distinctive nutritional requirements based on recognized
scientific principles are established by medical evaluation.”

Since the concept of medical foods originated, many products have been devel-
oped which have greatly expanded the applications for their uses. Most of these
products have not been clearly distinguished as medical foods because, as yet, no
regulations have been promulgated for this category of products. Medical foods have
not been clearly delineated from other foods for special dietary use. Their unique
features and requirements for clinical testing have not been defined by regulation or
agency review. However, many are referenced in information targeted to physicians,
e.g., they are listed and described with directions for disease related uses in medical
references such as the Physician’s Desk Reference.

In recent years, major expansion has occurred in the types of prevention and
therapeutic claims made for “medical foods”. Atthe same time there has been a major
shift in the way in which the general food supply is perceived and marketed.
Increasingly, we are seeing health messages on foods for the general population which
suggest arole of food or food components in health promotion and disease prevention.
Thus, lack of clarity as to differences between medical foods and foods for the general
food supply with diet and disease prevention claims has created much confusion in the
marketplace. Clinical testing to support claims or safety of use has not been defined.

The need to define medical foods as a separate product class was brought into sharp
focus with the passage of the NLEA. The NLEA requires significant changes in
nutrition labeling for the general food supply and also for special dietary use foods.
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Furthermore, the NLEA contains a directive that the Agency implement procedures
for allowing health claims on foods within the general food supply; specifies that food
supplements, subject to Section 411 may be considered for health claims using a
separate standard than that used to assess health claims for foods in the general food
supply; incorporates the orphan products definition of medical foods into food law;
and specifically exempts medical food from nutrition labeling. Claims may still be
appropriate for medical foods but according to standards appropriate for a food-drug
hybrid.

In this regard, it could be argued that foods for special dietary use and medical
foods are defined by their distinct characteristic of use and that a different standard for
documentation, clinical testing, and labeling may be appropriate. Special dietary use
foods which are dietary supplements of vitamins, minerals, herbs, or other similar
nutritional substances may contain a health claim on the label that would be targeted
toward the general population with appropriate language. They are used to provide
segments of the general population with a positive benefit within the context of a total
dietary pattern. In contrast, medical foods are intended to be used in the specific
dietary management of a disease or medical condition under the care of physician.
They may require complex directions for use. They may not be safe for general food
use and they are excluded from general health claim labeling.

The criteria and procedures for regulating health claims for general foods are now
being developed to implement the NLEA. Asacompanion activity, it would be useful
to establish criteria and procedures for clinical testing for allowing appropriate claims
for medical foods. As a step in this process, the FDA has recently sponsored an
analysis of “Guidelines for the Scientific Review of Enteral Food Products for Special
Medical Purposes.” Currently, a review is in progress to distinguish general health
claims for generally available food products and special dietary use foods from
treatment claims for medical foods, and to define approaches for developing high
quality products for disease management. Many medical food products are still
orphan products and there is considerable Congressional interest in removing ob-
stacles to their development and marketing.

Part of the nutrition labeling package the Agency is working on includes a proposal
for “Dietary Supplements of Vitamins and Minerals.” Specific regulations on the
labeling of these products have not been developed since the 1976 amendments and
this proposal will go a long way in providing for uniform labeling of these products.
The requirement for clinical testing to establish labeling for suitability and safety of
use remains to be defined.

Food Safety Assumptions

With regard to safety testing paradigms that are routine and form the backbone of
approvals for new food product uses, we , as noted earlier, often rely heavily on animal
and in vitro data. We make certain assumptions which allow us to consider them as
appropriate surrogates for predicting adverse endpoints in humans. We assume that
qualitatively similar events occur in animals and humans and that a safety factor will
account for differences in overall species sensitivity to the food additives. As we learn
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more about species and individual variation, we need to validate these assumptions
about comparative metabolism with human clinical testing. In addition to validating
animal toxicological testing models, human clinical testing may be the only practical
way to approach newer issues in safety assessments. When we begin to consider new
endpoints for our safety evaluations that focus for example on neurobehavioral or
immunological responses or factors that may alter the expression of chronic diseases,
we are faced with the fact that appropriate animal models by and large have not been
developed. There also is a paucity of information on human clinical assessments that
predict disease risk, multisystem endpoints, food sensitivity, and complex interactions
between nutrients and drugs. Perhaps in some of these cases, the only valid approach
will be to develop some form of post-marketing surveillance of diet and health
relationships and to create a database on clinical measures which predict future health
risk. The incorporation of these measures into nationally representative surveys of
diet and health could then be an ancillary measure to assess long term effects of food
products and diet patterns on health outcomes.

The assumption that food safety testing is adequate when targeted toward the
normal healthy population is also being challenged. Perhaps most important in this
regard is that we are having increasing difficulty in defining normal and healthy. As
our population ages and our knowledge of genetics and predisposing factors todisease

risk increases, we view our population as being very heterogeneous in terms of risk to
adverse health effects from food components. Also, as noted, the complexity of
endpoints for safety assessments is increasing both in the perceptions of the scientific
community and in public debate. It becomes increasingly difficult and costly to
anticipate safety outcomes and grant new product approvals. In this regard, it may in
the future be prudent to change our tack and to consider that more questions about
safety can be asked than answered. Global and highly speculative concerns with the
validity of current safety testing will simply lead to a paralysis in new food product
approvals and can lead to an erosion in consumer confidence that current approved
food uses are safe. This situation may be more effectively managed by closer post-
marketing surveillance or limited marketing approvals, expanded labeling require-
ments, or other changes in the way we consider and regulate our food supply with
regard to assuring safety of food product use. Clinical testing could become important
in a post-marketing mode — to assess new safety concerns raised by increased
scientific knowledge; to evaluate impacts of changes in food use which alters
exposures; and to investigate subpopulations in which there is preliminary evidence
that they have unanticipated adverse health effects associated with a food product use.

Clinical testing prior to marketing also may change in its character. The traditional
“gold standard” has been well-controlled clinical trials focused on endpoints that are
clearly interpreted in terms of health risk. Such trials become more difficult or
impossible to perform as the complexity of endpoints (e.g., immunological or
neurobehavioral outcomes) increases and when there are no validated surrogate
measures for predicting outcome. Inthis case, we may anticipate potential populations
atrisk (e.g., tocoronary heart disease, stroke, or cancer) and consider multicenter trials
with endpoints more referable to long term food use. An example could be the safety
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assessment of new uses of fats and oils which modify thrombogenesis, atherosclerosis,
and blood clotting. Clearly, some populations might benefit from food products that
diminish clotting and vascular wall reactivity. Others would be at increased risk. In
this case, well controlled trials could look at efficacy for an acute health benefit but
they may be inadequate to predict long term benefit vs. risk. Multicenter trials of
populations at risk may be more appropriate to assess competing benefits and risks of
new food product uses.

In discussing food safety assumptions and strategies that may be used to assure
appropriate new food uses, I have assumed that we need to take a fresh look at food
product approvals using largely food law which has some expanded authorities that are
generally associated with drug law and that general health related claims for foods will
continue to be based on nutritional considerations. In this regard, pharmacological
effects of nutrients for disease management would continue to be drug uses. We could,
as an alternative, consider new products being developed for health-related effects as
OTC (over-the-counter) drug uses. It is my sense that such a view would be out of
touch with the intended thrust of the NLEA in that it would not optimally facilitate
innovation in new food product development.

Guidelines for Clinical Testing

Draft guidelines have been prepared for arevised “Redbook” (Toxicological Principles
for the Safety Assessment of Direct Food Additives and Color Additives Used in
Food). As with any human testing, a particularly important consideration is the
protection of human subjects detailed on 21 Code of Federal Regulations, Part 50.
Protocols for clinical testing should first of all follow the general guidelines of having
clearly stated objectives, appropriate controls, defined methodologies with regard to
interpretation of endpoints, and mechanisms for quality control. Limitations of the
study should be clearly stated and appropriate statistical analysis should define the
power of the study to detect its endpoint.

Minimization of risk can be augmented by developing a logical testing sequence
with earlier testing focused on short term exposure and normal subjects. Often such
studies would be used to define product acceptance and tolerance. Analysis of product
metabolism or effects on metabolic or physiological processes may be an early focus
to validate the appropriateness of animal studies and to aid in predicting possible
adverse reactions. As testing progresses, studies would involve more extended
exposures; the appropriateness of study duration and amount of product being tested
would be judged by a review of all available scientific data. At this stage, it is
important to have a firm idea of specific product formulations that are intended for
marketing and projected population exposures because these studies may be critical
to the approval process and must use a representative product and level of use to be
judged valid for a safety assessment. Further clinical studies can then move on to
longer term exposures that may focus on estimating endpoints for potential adverse
reactions. Such endpoints could relate to nutritional interferences, food product —drug
interactions, food intake, or specific metabolic features of the product under consid-
eration. Finally, after a firm safety data base is established in normal populations, it
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may be necessary because of product characteristics or intended use levels to move
into testing of populations with increased risk to potential adverse effects. Target
populations could be those with altered health status, special nutritional or metabolic
requirements, or high anticipated levels of exposure. In these studies, the data
generated may also help define how a product should be labeled and marketed.

In addition to providing guidance for clinical testing of new food and color
additives, the Redbook guidelines can also be used for other food safety testing. Inthis
regard, a cogent case can be made for continuing safety assessments of a number of
food products currently marketed as substances either generally recognized as safe or
approved as food additives when major changes occur in exposure because usage has
increased. The relatively recent trend to consider foods as beneficial for health
promotion and disease prevention may result in changes in macrocomponent compo-
sition of diets that are not easily assessed in traditional animal models.

The general area of food for special dietary use has also seen a rapid development
of many products, including foods for therapeutic use under the guidance of physi-
cians. The safety of such uses is not routinely reviewed by the FDA. The efficacy of
some of these medical food uses are reviewed by expert panels. Some medical foods
contain novel ingredients or uses which have not been approved. In this area, clinical
testing is more appropriately considered as satisfying investigational new drug
procedures and rather than compliance with general guidelines for food additive safety
testing.

Comment

There is a pressing need to provide label information on the potential health benefits
of specific foods in our diet—a need augmented by the passage of the NLEA. Initially,
claims in this area will be supported by scientific consensus, relying on data from a
wide variety of predominantly clinical and epidemiological studies. A process will be
established to petition the agency for additional claims. In a number of cases, there
will be increased pressure to allow more specific claims for special dietary uses that
are not easily approved for general population use. In this regard, we still need to
define appropriated clinical testing for nutritional products for the medical manage-
ment of disease or for use by select subpopulations with adequate directions for use.
Guidelines for clinical testing of food or color additives will be useful for certain new
product approvals and for testing safety of products already marketed when a new
question of safety arises, or to verify that animal models used in safety assessments are
adequate predictors of human health impacts. These guidelines are not complete with
regard to issues raised by testing therapeutic claims for food products or assessing
suitability and safety for novel products or uses that may not be safe for the general
population. A large potential area for clinical testing is in the gray area between foods
and drugs. This area requires further definition. Such definition will only come when
clear regulatory categories are defined for various product uses in this area and
regulations for marketing are established.

RECEIVED October 24, 1991
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Chapter 12

Good Laboratory Practice Regulations
The Need for Compliance
W. M. Busey and P. Runge

Experimental Pathology Laboratories, Inc., P.O. Box 474,
Herndon, VA 22070

Historical Perspective - A Brief Overview

Through the Federal Food, Drug, and Cosmetic Act, the government has placed the
responsibility of establishing the safety of regulated products with the sponsors of
those products, and has made the Food and Drug Administration responsible for
reviewing their efforts and determining if, in fact, safety has been established.

Prior to the promulgation of the Good Laboratory Practice (GLP) Regulations, the
agency operated on the premise that reports submitted in support of these products
were accurate representations of study conduct and results. However, inspection of
several studies conducted for a major pharmaceutical manufacturer revealed unac-
ceptable or questionable laboratory practices and inconsistencies in data (). Major
concerns included:

1.
2.

Poorly designed and conducted experiments, inaccurately analyzed or reported.
Technical personnel unaware of importance of adherence to protocol re-
quirements, accurate administration of test materials, accurate recordkeeping.
Management did not assure critical review of data, proper supervision of
personnel.

Studies impaired by protocol designs that did not allow for evaluation of all
data.

Inadequate assurance of scientific qualifications and training of study personnel.
Disregard for proper laboratory, animal care, and data management procedures.
Failure of sponsors to adequately monitor studies/procedures conducted by
contract laboratory facilities.

Failure to verify accuracy and completeness of reports prior to submission to
FDA.

Further investigations of the laboratory facilities involved resulted in eventual
convictions on criminal charges of fraud and a great concern for the validity of studies
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already completed. The need for better control of nonclinical laboratory studies was
soon recognized by both government and industry.

In response to this need, the FDA pursued numerous possible approaches to more
controlled and consistent study conduct. After much investigation, review, consider-
ation, and comment the FDA Good Laboratory Practice Regulations were eventually
codified as Part 58, Chapter 21 of the Code of Federal Regulations. All regulated
human and veterinary drugs and devices and food/color additives must comply with
their directives.

Purpose and Content of the Good Laboratory Practice Regulations

The primary purpose of the GLP Regulations is to assure the quality and integrity of
the studies submitted in support of the safety of regulated products. In order to
accomplish this, many “common sense” requirements were incorporated into the
regulations. These included provisions for criteria of study design, i.e., protocols and
standard procedures; facility and equipment considerations; identification and control
of test materials; recordkeeping; and reporting. These requirements reflect the
demand for basic experimental structure necessary for conducting any high quality,
scientifically sound study; however, the regulations have gone beyond those basics by
requiring certain additional securities, primary among them the need for each study to
have a study director, who assumes overall responsibility for a given study, and a
quality assurance unit responsible for moniioring study conduct, the test facility, and
reporting of results (2).

The regulations have been divided into several subparts, each dealing with a
specific aspect of study conduct. Brief descriptions of each subpart follow (3).

General Provisions (Subpart A). This section identifies what products are regulated
[58.1], and defines various terms prevalent in the conduct of nonclinical studies [58.2].
These include such terms as “The Act,” i.e., the aforementioned Federal Food, Drug,
and Cosmetic Act; test and control articles; nonclinical laboratory study; sponsor;
testing facility; test system; raw data; specimen; quality assurance unit; study director;
study initiation and completion dates; and types of submission applications. The
section also addresses services contracted by the testing facility, and inspections by
agency personnel.

Organization and Personnel (Subpart B). Subpart B has been designed to define
the responsibilities of management, the study director, and the quality assurance unit
as they relate to facility operation and conduct of nonclinical laboratory studies. The
regulations are specific as to organizational relationships and responsibilities.
Management [58.31] has the responsibility for providing qualified and appropri-
ately trained study personnel, assignment of the study director, providing adequate
resources, and support of the quality assurance unit by its policies and directives.
The study director [58.33] has the overall responsibility for a given nonclinical
laboratory study, and serves as the single point of control for all aspects of that study.
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The quality assurance unit [58.35] is responsible for “monitoring each study to
assure management that the facilities, equipment, personnel, methods, practices,
records, and controls are in conformance” with the applicable regulations. Among its
many responsibilities are maintenance of the facility master schedule, maintenance of
all study protocols, periodic inspections of ongoing studies, reporting of inspection
findings to management, review of the final study report, and preparation and release
of the inspection statement required by the regulations.

Facilities (Subpart C). Requirements for animal care and supply and test and control
material facilities are addressed by this section. Additionally, requirements for
adequate laboratory operation areas and specimen and data storage (i.e., archives) are
addressed.

Equipment (Subpart D). This section requires that equipment appropriate to the task
be used for any given procedure, and provides for the periodic maintenance, calibration,
standardization, cleaning, and/or inspection of that equipment. Specific standard
operating procedures defining these activities and related remedial actions are a
primary directive, as is the required recordkeeping of all such procedures.

Testing Facility Operation (Subpart E). Standard operating procedures, reagent
and solution identification, and animal care requirements are addressed in this section.
Standard operating procedures must be established for all routin laboratory opera-
tions; specifics are identified by the regulation [58.81(b)]. This regulation also
provides for changes to established standard operating procedures and availability of
those procedures to laboratory personnel.

Reagent and solution identification requirements are outlined, as are the require-
ments for dating of reagents.

Animal care requirements reflect basic directives for the receipt, isolation,
housing, maintenance, and feeding of laboratory animals used in nonclinical labora-
tory studies. These regulations supplement those established by the various animal
welfare regulations.

Test and Control Article Handling (Subpart F). Subpart F addresses a key area in
the conduct of a nonclinical laboratory study in that it provides directive for the
characterization and identification of test and control materials, the handling and
custody of these materials, and determination of homogeneity and stability of test
mixtures.

Protocol and Conduct of a Nonclinical Laboratory Study (Subpart G). A primary
concern of any experiment is the procedure by which that experiment will be
conducted. Subpart G addresses that concern by defining the requirements for the
study protocol, thatis, the written document that defines the objectives and establishes
the procedures to be performed to meet that objective. It must be remembered that the
protocol is directive, not documentation. Adherence to the protocol directive is
confirmed through the documentation of the conduct of the study. Recordkeeping
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requirements are also defined by this section, and provide for the consistent recording
of results and data so that, if need be, the study can be literally recreated from its
documentation.

Records and Results (Subpart J). Among the most important facets used to support
the safety of a regulated product are the final reports produced for the myriad of studies
required to establish that safety. Subpart J identifies what information must be
addressed in those reports, and how the related data and materials must be retained.
It is essential that the final report provide an accurate reflection of the method and
procedures employed and of the raw data resulting from the study. In order that
sponsor and regulatory review may be accomplished efficiently and in a timely
fashion, it is essential that data records and residual materials be retained in an
organized and easily retrievable manner.

Disqualification (Subpart K). The FDA’s power to enforce the GLP regulations is
supported by its power to disqualify a testing facility. Such action is not taken without
due consideration, and may only be invoked if all three criteria for disqualification as
defined by the regulations are present [58.202]. These include: (1) that the facility
failed to comply with one or more of the regulations defined in 21 CFR 58; (2) that the
noncompliance adversely affected the validity of the study(ies); and (3) that lesser
actions, such as warnings or rejection of individual studies, had not or would probably
not be adequate to achieve compliance.

Compliance. Compliance with the GLP regulations is not as easy as it looks, nor is
it as difficult as it can be made. It has been noted that “compliance” appears right
before “complicated” in the dictionary, but compliance need not be complicated if
approached in a common-sense, standardized manner.

There are numerous ways by which compliance in a study or a testing facility can
be established. However, all involve a thorough and complete understanding of the
final objectives. Inestablishing guidelines for compliance, certain aspects of nonclinical
laboratory testing must be considered. Some will necessarily be tailored to the needs
of specific situations, but the general considerations should include at least the
following:

1. In order to effect the most complete protocol for a study or procedure, full
awareness and understanding of regulatory and testing requirements are
essential.

2. Standard operating or study-specific procedures should be developed before
they are needed and should be reviewed periodically to insure continued
compliance with the appropriate regulations. Procedures should be updated
and revised promptly.

3. Ensure that all technical personnel are knowledgeable of and properly trained
in the procedures they will be required to perform, and that they are aware of
how their performance may affect subsequent aspects of the study.
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4. Anticipate potential problems and concerns and be ready with possible
resolutions.

5. Acknowledge unforeseen circumstances or deviations from protocol and/or
standard operating procedures with prompt and appropriate documentation.

6. Stress the importance of timely and accurate recordkeeping for all aspects of
the study.

7. Periodic review of study conduct and data, not only by the study director and
quality assurance unit, but by the operating area’s internal quality control
mechanisms.

8. Communication between the laboratory, the study director, and quality assur-
ance unit should be continuous, not just limited to QA inspections.

The GLP’s may define what is needed for compliance, but they cannot guarantee
it. That is the joint responsibility of the study director, management, and the quality
assurance unit. Neither can fulfill their respective responsibilities towards compli-
ance without the full support of its partners. These relationships should not be viewed
as antagonistic, but as supportive. In reality, such relationships are often hard to
achieve and maintain given the complexities of the industry. However, the benefits
of a cooperative and supportive relationship greatly outweigh the efforts that must
continually be expended to create and maintain such a relationship. Itis ultimately on
the strength of this relationship that compliance is based.

Conclusions - Where Do We Go From Here?

As the industry has matured and developed within the regulatory structure, the
concerns of the past have diminished but by no means disappeared. The majority of
recent inspections by the FDA have been classified as “No Action Indicated,” “VAI-
1,” or “VAI 2” (voluntary action classifications); this reflects the favorable attitude of
industry towards maintaining compliance. However, deviations from the GLP
Regulations were still present, with the most significant departures being (4):

1. Discrepancies between the final report and raw data.

2. Improper corrections/changes to raw data.

3. Implementation of protocol revisions without proper amendments to the
approved protocol.

4. Lack of appropriate standard operating procedures and/or failure to revise
SOPs when needed.

5. Incomplete information on facility master schedules and study protocols.

Inspectors found archiving and record retention procedures, animal care facilities,
and laboratory operations generally in compliance with the regulatory requirements.
This is encouraging, since it may be recalled that some of the major concerns that
precipitated the GLP’s involved these areas. The findings cited, however, appear to
indicate there is an industry-wide need for tighter control over the “paper” aspects of
the nonclinical laboratory study.
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The GLP’s have given the industry the means by which high quality, consistent,
and reproducible studies can be conducted; however, the industry cannot comply with
those directives without a continued commitment to compliance. Findings from
recent GLP inspections indicate that the advantages of these regulations continue to
be valid, and that the industry must not only maintain but increase its commitment to
compliance. Despite our shortcomings, we have made significant inroads to the goal
of “total compliance” set by the FDA; with continued commitment, we as an industry
can meet this objective.
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Chapter 13

Importance of the Hazard Analysis and

Critical Control Point System in Food Safety

Evaluation and Planning

Donald A. Corlett, Jr.

Corlett Food Consulting Service, 5745 Amaranth Place, Concord, CA 94521

The Hazard Analysis And (ritical Control Point (HACCP) system was updated
and standardized in 1989 by the National Advisory Committee on Microbio-
logical Criteria For Foods (NACMCEF) (I). The broad utility of HACCP was
recognized by the NACMCEF, although by nature of the committee the risk
assessment portion was developed only for microbiological hazards. Recent
extension of the NACMCF microbiological risk assessment procedures to
potential chemical and physical hazard analysis was suggested by Corlett and
Stier (2). The combined hazard analysis for microbiological, chemical and
physical food hazards provides a powerful tool for food safety evaluation and
planning guided by HACCP principles and the blueprint for direct application
of the specific HACCP system for preventive food safety in a commercial
manufacturing operation.

The seven HACCP principles developed by the NACMCEF for food safety are listed
as follows. A description of each principle and definitions are provided in the
NACMCEF guide to help the user (I).

1.

“new

Assess hazards and risks associated with growing, harvesting, raw materials
and ingredients, processing, manufacturing, distribution, marketing, prepara-
tion and consumption of the food.

Determine critical control points (CCP) required to control the identified
hazards.

Establish the critical limits that must be met at each identified CCP.
Establish procedures to monitor CCP.

Establish corrective action to be taken when there is a deviation identified by
monitoring a CCP.

Establish effective record-keeping systems that document the HACCP plan.
Establish procedures for verification that the HACCP system is working
correctly.

Adapted with permission from A Practical Application of HACCP
© 1990 ESCAgenetics
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It is clear that the assessment of food hazards and risks via Principle 1. is a most
critical beginning for application of the other principles. For this reason it is the basis
for food safety evaluation and planning using HACCP. A review of the application of
risk assessment for microbiological, chemical and physical food hazards is provided
in the following section.

Risk Assessment (HACCP Principle 1)

Risk Assessment consists of a systematic evaluation of a specific food and its raw
materials or ingredients to determine the risk from biological (primarily infectious or
toxin-producing food-borne illness microorganisms), chemical and physical hazards.
The hazard analysis is a two-step procedure: hazard analysis and assignment of risk
categories.

The first step is to rank the food and its raw materials or ingredients according to
six hazard characteristics (A-F). A food is scored by using a plus (+) if the food has
the characteristic, and a zero (0), if it does not exhibit the characteristic. A six
characteristic ranking system is applied for microbiological, chemical and physical
hazard ranking, although the characteristics are somewhat different for microbiologi-
cal and chemical/physical hazards, as described later in this section.

The second step is to assign risk categories (VI-0) to the food and its raw materials
and ingredients based on the results of ranking by hazard characteristics. Table 1
illustrates possible combinations of hazard characteristic ranking and hazard catego-
ries. Potentially highest risk is denoted by the highest number in the hazard category
(i.e., VL). In addition, note that whenever there is a plus (+) for hazard characteristic
A (a special class that applies to food designated for high-risk populations), the
resulting hazard category is always VI, even though other hazard characteristics (B-
F) may or may not be a plus (+).

Several preliminary steps are needed before conducting the hazard analysis. These
include developing a working description of the product, listing the raw materials and
ingredients required for producing the product, and preparation of a diagram of the
complete food production sequence. The listing of raw materials and ingredients is the
starting point for the hazard analysis. If the specific mode of preservation for an
ingredient is not known (raw, frozen, canned, etc.), the ingredient may be assessed for
each type of preservation technique that may be utilized in preserving the ingredient.

Microbiological Hazard Characteristic Ranking. Microbiological hazard analysis
and the ranking of food by hazard characteristics is explained in the NACMCF
HACCP guide (). I have made several minor changes in Hazard F, to differentiate
ranking for consumer products and raw materials and ingredients as received by the
processor before any manufacturing steps. The microbiological hazard characteristics
are given in Table 2. As indicated earlier, rank the product and its raw materials and
ingredients according to hazard characteristics A through F, using a plus (+) toindicate
that the food product or its raw materials or ingredients exhibit the characteristic, and
a zero (0) when they do not.
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Table 1. Possible Combinations of Hazard Characteristic Ranking and
Hazard Categories for Food Products and Food Raw Materials and

Ingredients
Food Ingredient Hazard Risk Category
or Productd Characteristics
(A.B,C,D.EF)b
T A+ (Special Category) VI
U Five +’s (B-F) \"
\'/ Four +’s (B-F) v
w Three +’s (B-F) III
X Two +’s (B-F) II
Y One + (B-F) I
VA No +’s 0

AThese letters merely indicate different types of foods having different hazard
characteristics and risk catagories. Normally the name of a food, raw material, or
ingredient would appear under this heading.

bHazard characteristic A automatically is risk category VI, but any combination of B
through F may also be present.

Table 2. Microbiological Risk Characteristics

Hazard  Description

Hazard A: A special class that applies to non-sterile products designated and
intended for consumption by at-risk populations, e.g., infants, the
aged, the infirm, or immunocompromised individuals.

Hazard B: The product contains “sensitive ingredients” in terms of microbio-
logical hazards.

Hazard C: The process does not contain a controlled processing step that
effectively destroys harmful microorganisms.

Hazard D: The product is subject to recontamination after processing before
packaging.

Hazard E: There is substantial potential for abusive handling in distribution or
in consumer handling that could render the product harmful when
consumed.

Hazard F: There is no terminal heat process after packaging or when cooked
in the home. (Applies to food product, as used by the consumer.)
There is no terminal heat process or any other kill-step applied after
packaging by the vendor, or other kill-step applied before entering
food manufacturing facility. (Applies toraw materials and ingredients
coming into a food manufacturing facility.)

Source: After NACMCF HACCP system (USDA-FSIS, 1990); and by
permission of D. Corlett (Copyright D. Corlett by license from ESCAgenetics
Corporation, course manual, “A Practical Application Of HACCP,” 1990).

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch013

July 15, 2012 | http://pubs.acs.org

13. CORLETT  Hazard Analysis and Critical Control Point System 123

A brief discussion on “microbiologically sensitive” products, and raw materials and
ingredients is useful. When scoring foods for Hazard Characteristic B, give the
product aplus (+) if itis sensitive or contains microbiologically sensitive ingredient(s).
Give raw materials or ingredients a plus (+) if they are microbiologically sensitive or
contain sensitive foods (e.g.., such as a cheese/starch flavor blend).

A “sensitive ingredient” is defined as “any ingredient historically associated with
a known microbiological hazard.” The term “ingredient” normally also applies to raw
materials. “Sensitive ingredient” was coined for microbiological hazards (infectious
agents and their toxins), but it is also now used for ingredients and raw materials that
are historically associated with known chemical or physical hazards.

The original list of microbiologically sensitive foods was based on the potential
presence of the Salmonella species. Now any type of hazardous microorganism may
cause a food to be “sensitive,” and the list of sensitive foods has grown, particularly
with the recognition that Listeria monocytogenes is a known threat in many foods. A
partial listing of sensitive raw materials and ingredients is provided to assist in scoring
a food, or its raw materials and ingredients, for Hazard Characteristic B. If there is a
question as to whether a food is sensitive, it should be considered sensitive until more
information is available for purposes of clarifying its status.

Microbiologically Sensitive Raw Materials And Ingredients:

Meat and poultry

Eggs

Milk and dairy products (including cheese)
Fish and shellfish

Nuts and nut ingredients

Spices

Chocolate and cocoa

Mushrooms

Soy flour and related materials

Gelatin

Pasta

Frog legs

Vegetables

Whole grains and flour (secondary contamination)
Yeast

Dairy cultures

Some colors and flavors from natural sources

Compounded ingredients may be considered sensitive if they are combinations of
sensitive and non-sensitive ingredients. For example, a fat coated on milk powder, or
compounded cheese flavor having cheese coated on starch. It is best to list all
components of a blended material to determine if the blend contains a sensitive
ingredient and also determine if it has received a controlled processing step that
destroys hazardous microorganisms. In some cases, it is important to determine if
microbiological toxins may also be present in a “processed” product, if the product is
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to be used as an ingredient (e.g. heat stable staphylococcus enterotoxin in canned
mushrooms).

Many raw materials and ingredients are not considered microbiologically sensitive
even though they may occasionally be contaminated with hazardous microorganisms.
A partial list includes:

Foods Not Normally Considered Sensitive:

Salt

Sugar

Chemical preservatives

Food grade acidulents and leavening agents

Gums and thickeners (some may be sensitive depending on origin,
such as tapioca and fermentation-derived gums)

Synthetic colors

Food grade antioxidents

Acidified high salt/acid condiments

Most fats and oils (exception is dairy butter)

Acidic fruits

These lists are intended as a guide and are not necessarily an exhaustive listing of all
sensitive and non-sensitive ingredients. When in doubt, it is recommended that
assistance be obtained from authoritative sources including universities, regulatory
agencies, trade organizations, consultants and consulting laboratories.

Chemical and Physical Hazard Characteristic Ranking. The following protocol
for hazard analysis of chemical and physical food hazards complements the existing
microbiological hazard analysis scheme given in the NACMCF system. Hazard
characteristics for chemical and physical agents were developed in 1990 for use in the
ESCAgenetics Corporation training course, “A Practical Application Of HACCP,”
and were recently published by Corlett and Stier (2). They are designed so that both
chemical and physical hazards in food may be assessed by using the same six hazard
characteristics.

Generally, hazard analysis for chemical and physical hazards is conducted like the
procedure for microbiological hazards provided in the NACMCF guide. Although the
six hazard characteristics are somewhat different, the same plus (+) and zero (0)
scoring system and hazard category assignment procedures are used.

Table 3 provides the hazard characteristics for ranking foods for both chemical
and physical hazards. This Table also includes examples of chemical and physical
agents that could potentially be present in a food relative to each hazard characteristic.
The concept of “sensitive” products, raw materials and ingredients is also used in
Hazard Characteristic B for chemical and physical hazards.
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Table 3. Hazard Characteristics for Ranking Foods for Chemical and
Physical Hazards

125

Hazard Description

HAZARD A: A special class that applies to products designated and intended
for consumption by high-risk populations, e.g., infants, the aged,
the infirm, or immunocompromised individuals.

(Examples are foods intended for persons sensitive to sulfites, and
for infants where glass is of particular concern.)

HAZARD B: The product contains “sensitive” ingredients known to be poten-
tial sources of toxic chemicals or dangerous physical hazards.

(Examples are aflatoxin in field corn, and stones in agricultural
products.)

HAZARD C: The process does not contain a controlled step that effectively
prevents, destroys orremoves toxic chemical or physical hazards.

(Examples include steps for prevention of the formation of toxic or
carcinogenic substances during processing; destruction of cyanide-
containing compounds by roasting of apricot pits; and removal of
toxic processing chemicals such as lye or dangerous foreign objects
such as sharp pieces of metal.)

HAZARD D: The product is subject to recontamination after manufacturing
before packaging.

(Example is where contamination may occur when a manufactured
product is bulk packed, shipped and packaged in another facility.)

HAZARD E: There is substantial potential for chemical or physical contami-
nation in distribution or in consumer handling that could render
the product harmful when consumed.

(Examples are contamination of a food from container or vehicle
compartments that previously contained toxic chemicals or foreign
objects; selling food in open containers; or where the potential for
product tampering is high.)

HAZARD F: There is no way for the consumer to detect, remove or destroy a
toxic chemical or dangerous physical agent.

(Examples are presence of toxic mushrooms or paralytic shellfish
toxins, or presence of sharp metal objects buried in a food.)

SOURCE: Reference 2.
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Example of the Combined Hazard Analysis and Hazard Category Assignment
for Cheese Dip

The complete hazard analysis consisting of ranking of potential microbiological,
chemical and physical hazards and assignment of hazard categories is illustrated in the
example of a hypothetical cheese dip product.

Table 4 lists the raw materials and ingredients and for purposes of this illustration,
gives a listing of potential microbiological, chemical and physical hazards that may
be expected in these foods.

Table 4. Types of Potential Hazards in Cheese Dip

Ingredient Microbiological Chemical Physical
Raw Celery Salmonella sp. Pesticides Metal
Shigella sp. Wood
Listeria monocytogenes Rocks
Dried Mushrooms  Salmonella sp. Pesticides =~ Metal
Shigella sp. Wood
Staphylococcus aureus Rocks
Soft-Ripened Listeria monocytogenes Pesticides Metal
Cheese Salmonella sp. Antibiotics
Staphylococcus aureus Hormones
EP Escherichia coli
Water Microbial pathogens Various n/u
Salt n/u n/u Metal
Stabilizer n/u n/u Metal

NoOTE: n/u = not usually
Source: From ECS Agenetics Corporation course “A Practical Application
Of HACCP.”

Forms 5.0 (Microbiological) (Figure 1), 6.0-A (Chemical) (Figure 2), and 6.0-B
(Physical) (Figure 3) illustrate the ranking of hazard characteristics and assignment of
hazard categories for three modes of preservation for the cheese dip product, and the
ranking of all raw materials and ingredients.

Once the risk assessment is completed, utilize the NACMCF HACCP guide for
completion of the HACCP plan for a specific food product, and it’s raw materials and
ingredients (1).

Conclusion

The combination of the hazard analysis and the critical control points make the
HACCP system the ideal choice for food safety evaluation and planning. Principle 1.
concerning assessment of hazards and risks associated with a specific food and it’s
ingredients is key to further development of the HACCP system. It is essential that the
hazard analysis and risk assessment always be conducted correctly before attempting
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HACCP PRINCIPLE 1.

HACCP WORKSHEET

FORM 5.0

RISK ASSESSMENT WORK-SHEET FOR MICROBIOLOGICAL FOOD HAZARDS

PRODUCT: CHEESE DIP
(DON'S DELIGHT)

PAGE_1_OF__1_ PAGES DATE:

127

FOOD PRODUCT(S)............AS USED BY THE CONSUMER.........c.ccoccecrccccnns

THE FOOD (+ FOR "YES"; O FOR "NO")

MICROBIOLOGICAL HAZARD CHARACTERISTICS ASSOCIATED WITH

A B c D E F
PRODUCT |HIGH RISK|SENSITIVE|NO KILL- |RECONTAM.|ABUSIVE |NO TERM. |HAZARD
SPECIAL |INGRED- |STEP IN |BETWEEN |HANDLING |HEAT PROC|CATEG.
POPULAT. |IENTS PROCESS | PROC/PACK|DIST/CONS|BY CONSUM
(1) REFRIG. 0 + + + + + v.
i
(2) FROZEN 0 + 0 + + + v.
i
(3) CANNED  © + 0 0 0 + I1.
RAW MATERIALS AND INGREDIENTS...AS RECEIVED, BEFORE ANY MANUFACTURING STEPS

BY THE FOOD FACILITY (SUCH AS COOKING)......

RAW MAT. A B < D E |F:NO KILL|HAZARD
OR INGRE. STEP BEFORE|CATEG.
RECEIPT*
RAW CELERY c + + + + + v.
DRIED Musénoous 0 + + + ¢ + Iv.
SOFT-RIPENED CHEESE + + + + + v.
SALT 0 0 0 0 0 0 0.
WATER 0 + ° + 0 + 111
STABILIZER 0 0 ) 0 0 0 0.

* NO HEAT PROCESS OR ANY OTHER KILL-STEP APPLIED AFTER PACKAGING BY
SUPPLIER; NO HEAT PROCESS OR OTHER KILL-STEP BEFORE ENTERING FOOD PLANT.

Copyright 1990 by ESCAgenetics Corporation and licensed to D.A. Corlett.

DONSMICR

Figure 1. Risk assessment worksheet for microbiological food hazards.
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HACCP PRINCIPLE 1. HACCP WORKSHEET FORM 6.0-A

RISK ASSESSMENT WORK-SHEET FOR CHEMICAL OR PHYSICAL FOOD HAZARDS

IS THIS SHEET TO BE USED FOR CHEMICAL OR PHYSICAL HAZARDS?___ "CHEMICAL"_ ___

PRODUCT: CHEESE DIP (DON'S DELIGHT) DATE:
FOOD ITEM HAZARD CHARACTERISTICS KNOWN TO BE ASSOCIATED WITH THE HAZARD
FOOD AND IT'S INGREDIENTS (+ FOR "YES"; O FOR "NO") CATEG.
A B (e} D E F

(1) {HIGH RISK| INGREDS. |NOT RE- RECONTAM. | CONTAM. CONS.CAN-
PRODUCT SPECIAL CONTAIN MOVED IN | BETWEEN BY DIST. {NOT DE-
POPULAT. |HAZARD MANUFACT.|MAN./PAC.|OR CONS. |TECT/REM.

REFRIGERATED 0 + + + 0 + Iv.
FROZEN 0 + + + 3 + 1v.
CANNED 0 + + + 0 + Iv.
(2)

RAW MAT'S

AND ING'S

RAW CELERY 3 + + + + + v.
DRIED MUSHROOMS 0 + + . 3 + 1v.
SOFT-RIPENED CHEESE + + + 1 o + Iv.
SALT 0 3 0 0 0 0 o.
WATER 3 + + 3 0 + I1I.
STABILIZER 0 0 0 + 0 + 1.

NOTES: (1) AS USED BY CONSUMER
(2) As ENTERING THE FOOD FACILITY BEFORE PREPARATION OR PROCESSING

Copyright 1990 by ESCAgenetics Corporation and licensed to D.A. Corlett.
DONSCHEM

Figure 2. Risk assessment worksheet for chemical food hazards.
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HACCP PRINCIPLE 1. HACCP WORKSHEET FORM 6.0-B

RISK ASSESSMENT WORK-SHEET FOR CHEMICAL OR PHYSICAL FOOD HAZARDS

IS THIS SHEET TO BE USED FOR CHEMICAL OR PHYSICAL HAZARDS?__"PHYSICAL"

PRODUCT:____CHEESE DIP (DON'S DELIGHT) DATE:
FOOD ITEM HAZARD CHARACTERISTICS KNOWN TO BE ASSOCIATED WITH THE HAZARD
FOOD AND IT'S INGREDIENTS (+ FOR "YES"; O FOR "NO") CATEG.
A B Cc D E F

(1) |HIGH RISK|INGREDS. |NOT RE- RECONTAM. | CONTAM. CONS.CAN-
PRODUCT SPECIAL CONTAIN MOVED IN |BETWEEN BY DIST. |NOT DE-
POPULAT. |HAZARD MANUFACT. |MAN./PAC.|OR CONS. |TECT/REM.

REFRIGERATED 0 + 0 + 0 + II1.
FROZEN 0 + 0 + 0 + III.
CANNED 0 + 0 + 0 + III.
(2)

RAW MAT'S

AND ING'S

RAW CELERY 0 + + + + + v.
DRIED Musénoous [) + + + 0 + .
SOFT-RIPENED CHEESE + 0 + 0 + II1.
SALT 0 + ) + 0 + III.
WATER 0 ) 0 0 0 0 0.
STABILIZER 0 + 0 + 0 + II1.

NOTES: (1) AS USED BY CONSUMER
(2) AS ENTERING THE FOOD FACILITY BEFORE PREPARATION OR PROCESSING

Copyright 1990 by ESCAgenetics Corporation and licensed to D.A. Corlett.
DONSPHYS

Figure 3. Risk assessment worksheet for physical food hazards.
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to apply the successive HACCP principles. Failure to conduct the risk assessment may
lead to omission of critical control points and result in serious gaps in a food safety
assurance program.
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Chapter 14

Threshold of Regulation

Options for Handling Minimal Risk Situations

Alan M. Rulis

U.S. Food and Drug Administration, 200 C Street, SW,
Washington, DC 20204

The Food and Drug Administration (FDA), under the Federal Food, Drug,
and Cosmetic Act, requires the premarket safety evaluation of new uses of
food additives. The statute defines as additives even those substances that
may inadvertently become components of food by migrating from food
packaging, and provides no cutoff below which chemicals migrating in
very low amounts may be considered exempt from petition requirements.
It is clear, however, that at very low levels of migration the agency’s
expenditure of resources to regulate such materials may result in negligible
public health gain. What is an appropriate level to define as a “threshold
of regulation,” below which no petition for a new use need be submitted
and approved? FDA'’s development of a scientific basis for such a
regulatory cutoff using risk assessment has spanned several years. One
approach considered by FDA employs a statistical analysis of potencies of
known chemical carcinogens. The present paper will examine options
open to the agency in this potentially precedent-setting policy area.

Is there a basis for defining a “Threshold of Regulation” (T/R) to exempt substances
under the Federal Food, Drug, and Cosmetic Act (the Act) from premarket regulatory
requirements? Specifically, what situations involving extremely low exposure to food
chemicals migrating to food from food-contact materials (e.g., components of food
packaging materials, or food handling equipment, etc.) could be considered de minimis
(1) under the statute, and thus would not require the submission of a food additive
petition and a full-blown petition review by the Food and Drug Administration
(FDA)? The agency has been developing answers to such questions over several years
(2-5), and is now nearing a workable solution (6).

Since the passage of the 1958 Food Additives Amendment to the Act, FDA has
often considered such questions in regard to so-called “indirect food additives” (food
packaging and other food-contact materials that are not added directly to food but
become components of food by virtue of unintended migration to food), particularly

This chapter not subject to U.S. copyright
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In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch014

July 15, 2012 | http://pubs.acs.org

14. RULIS  Threshold of Regulation 133

when potential human exposure to such additives is extremely low and thus unlikely
to produce any possible public health concern. The statute defines food additives,
including the migrating indirect additives, quite broadly'. In particular it provides no
exposure “floor” below which substances are not considered to be food additives and
thus are exempt from premarket petition review and safety evaluation. Furthermore,
the Delaney anticancer clause of the Act prohibits the use of any additive that has been
shown to induce cancer in man or animal. (It is not intended that a T/R policy would
be applicable to chemicals demonstrated to be carcinogenic.)

Until now the agency has lacked a policy under which to make T/R decisions in
a consistent manner. Instead it has used a case-by-case approach. Since the 1958
amendment to the Act, FDA has written many letters exempting situations from food
additive petition review because of the specific facts of a case. There are many
examples of situations where the agency has deemed the minuscule human exposure
to achemicalin question to be of no consequence and not a food additive concern under
the Act. Representative examples might be the use of an adjuvant in the matrix of a
food processing conveyor belt; a material used in nonfood-contact fixtures in a food
processing plant; a colorant, polymerization catalyst, or other adjuvant, used at
exceedingly low levels in a plastic food packaging material; etc.

Need for a Threshold-of-Regulation Policy

Today there is an increasing need for FDA to make decisions of the type described
above more routinely, with greater consistency, and on a firmer scientific basis. Itis
also becoming more important for the agency to focus its limited resources more on
issues of major public health impact and not to allow resources to be disproportion-
ately focused on a myriad of minimal risk situations that are of negligible public health
consequence. Yet present trends indicate that greater effort is in fact not always able
to be expended on issues in direct proportion to their public health importance. Most
of the food additive petitions reviewed by the agency are for food-contact substances
(indirect food additives) rather than for direct food additives. Since 1958, FDA has
reviewed and regulated an average of about 60 petitions per year for indirect additives,
but only about 15 on average for direct food additives, color additives, and “generally
recognized as safe” (GRAS) food ingredients. Even though indirect additive petitions
are typically smaller and simpler to process than direct food additive petitions, the
agency devotes over 40 percent of its petition review resources to the processing of
indirect additive petitions. Some petitions are for such low-exposure uses of indirect
additives that it may be legitimately questioned whether the safety decision results in
any net measurable gain in public health protection. Yet the agency’s formal review

'As has been amply noted previously, the Federal Food, Drug, and Cosmetics Act requires the
premarket safety evaluation of all new uses of food additives. The statute, however, defines as
additives even those substances that may become components of food by migrating from food
packaging, and provides no cutoff below which chemicals migrating in very low amounts may be
considered exempt from petition requirements.
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mechanism for these petitions, including environmental impact considerations, legal
reviews, and Federal Register publication, all operating under statutory time frames,
must be fully engaged.

A T/R policy could help to alleviate this problem by providing a simpler alternative
mechanism, apart from the full-dress petition review process, under which the agency
could grant approvals for limited uses of a substance. Under such a policy any person
could seek a T/R exemption from petition review for the proposed use of a given
substance. The requestor would supply adequate information to identify the chemical
in question, describe its proposed use, and provide limited data from which agency
scientists could estimate the likely incremental human intake resulting from the
proposed use. If, after reviewing the information, FDA decided to grant an exemption,
it would issue a letter to the requestor and maintain a record of the decision in agency
files. If the process were structured so as to permit decisions to be made in a short time
compared to the time required for a full petition review, then the process would free
resources for other more important issues. Of course, whether the net effect of this
process on resources is helpful would depend on many considerations including the
amount of current petition work actually diverted to the less arduous path, as well as
any increase in petition submissions or requests for advisory opinions that are not now
being sent to the agency from industry.

Somewhat paradoxically, instituting a T/R policy for indirect additives may, in
some ways, actually represent a tightening of FD A requirements for indirect additives.
First, itis the agency that would offer T/R exemptions to requestors; this is not thought
of as a “do-it-yourself” exemption process. A request for an exemption need not be
granted. Even if all nominal conditions were satisfied, FDA might decide not to
exempt certain substances on the basis of knowledge of the chemical structures
involved and the likelihood that those structures might be associated with high
toxicity. Furthermore, current toxicological requirements for petitioned indirect
additives presenting less than 50 parts per billion (ppb) dietary exposure consist, at
minimum, of simply an acute feeding study and a literature search. A T/R level on the
order of 1.0 ppb or lower, for example, would focus regulatory attention on a range of
human exposures lower than 50 ppb. Users of indirect additives in applications
resulting in dietary exposures of 10, 5, or 2 ppb or lower, under their assumption of de
minimis status, would be encouraged to seek an agency opinion as to whether their
application qualifies for an exemption from regulatory requirements. (In the initial
stages, this might even result in a temporary increase in workload for the agency.)

During 1989, FDA conducted a Pilot Study to examine practical approaches to
implementing a T/R policy. (The Study and its outcome have been described by
Borodinsky (7). In that study, 35 T/R cases were examined at a total expenditure of
about 120 person-hours of deliberation, or an average of 3.4 person-hours to reach a
decision in each case. This is a considerable saving compared to the usual agency
effort required to process a typical indirect food additive petition, which, although
highly variable, may range from 250 to 500 person-hours on average.
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Selection of a Threshold Level

A difficult issue in creating a T/R policy is the selection of an appropriate migration
level to food or human dietary exposure level for the threshold. A simple solution
might seem to be to arbitrarily pick a conservatively low level of migration to food
from food-contact materials, for example, 25 or 50 ppb, and to define any situation
with less migration to be below the threshold. This approach, however, is far from
optimal. First, potential risk is related more closely to human dietary exposure than
to migration. Setting a migration-based T/R level does not recognize this fact.
Another approach would be to simply set the T/R level low enough to preclude any
potential risk of toxicity from any chemical migrating into food, including ones of
known high toxicity such as dioxin (TCDD). This approach, however, is not only
unnecessarily conservative, but it would also require that the dietary intake level
chosen as the threshold be set so low (femtogram levels in the case of TCDD) as to
make such a policy useless. Not only is it unlikely that any materials used at such low
levels would actually produce a technical effect in a food-contact material, but today’s
analytical measurements are insufficiently sensitive to routinely demonstrate the
presence of the material below that level. Thus, in practice, no chemical would be able
to pass such a threshold requirement.

Conversely, a level arbitrarily set too high would undermine the effect of the
statute and perhaps create the possibility of unnecessary risk if the substance granted
the exemption were to possess considerable toxicity.

Toberelevant to potential human risk, the T/R level must be based on likely dietary
intake from food, and not on migration. It also must be relevant to known toxic
endpoints of chemicals at the level of intake, and as Schwartz has shown (5), it must
be in the realm of present-day analytical capabilities. Because carcinogenesis occurs
in animals at exposure levels generally lower than for most other types of toxic effects,
a policy based on that toxic endpoint would provide a conservative measure of
protection from almost all types of presumptive toxicity. For this reason FDA has
considered that its T/R policy should use carcinogenesis as the basis for establishing
the threshold (2-4). Such an approach is also consistent with the agency’s established
precedent for using upper-bound estimates of risk from carcinogenesis as a standard
of negligible risk, in both its Sensitivity of the Method regulation for animal drugs (8)
and its policy regarding Carcinogenic Impurities in Food Additives (9,10).

Use of Carcinogen Potencies to Establish a Threshold of Regulation

One approach to establishing a T/R level is to base that level on the degree to which
presumptive carcinogenic risk may be ruled out, in the unlikely event that the
compound is a carcinogen. FDA’s approach to precluding potential carcinogenic risk
makes use of potency data compiled from substances that have tested positive for
carcinogenesis in animal feeding studies. Both the FDA (2-4) and others (11-14) have
discussed this approach.

Carcinogen potencies are known to be lognormally distributed (Figure 1). From
this distribution it has been shown (2) that the choice of a given exposure level for a
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T/R excludes a probabilistically defined proportion of the area under the lognormal
curve of potencies from producing dietary risk to humans above any chosen “Target
Risk” level, so long as human exposure to the substance of concern does not exceed
the T/R exposure level. The Target Risk level is that upper-bound level of presumptive
lifetime risk deemed commensurate with negligible or de minimisrisk, and is typically
chosen to be 1 X 106 (8-10). Given this Target Risk and the range over which
carcinogen potencies are known to be distributed, one may select a threshold level that
provides adequate protection from presumptive carcinogenic risk in excess of the
Target Risk.

In an earlier paper on this subject, a T/R level of 50 parts per trillion (ppt) was
proposed for illustration (2) using the method described above. It was shown how that
choice of T/R level is consistent with an 85 percent probability that an upper-bound
risk of greater than 1 X 106 would be precluded for each exemption at that level, should
the substance unexpectedly be a carcinogen. (Coupled with an assumed one-in-five
probability of an untested chemical being a carcinogen, the choice of 50 ppt leaves a
better than 97% probability that cancer risk will not exceed 1 X 106.)

In fact, for any range of selected T/R levels there exists a corresponding range of
probabilities that presumptive carcinogenic risk at some target risk level is precluded.
These “Target Risk Avoidance Probabilities” correspond to areas under the lognormal
curve of carcinogen potencies excluded by any given choice of T/R level. The
relationship between these two variables is portrayed in Figure 2, which shows Target
Risk Avoidance Probabilities as a function of the T/R level chosen. The shape of the
curves in Figure 2 depends solely on the parameters that define the shape and position
of the lognormal distribution of carcinogen potencies. Two curves from this author’s
work are portrayed in Figure 2, one corresponding to 343 carcinogens selected from
the original data base compiled by Gold et al. (2,15) and the other, a more recent one
using 477 carcinogens chosen from an updated Gold etal. database (16,17). The choice
of 50 ppt as a T/R level is designated by Arrow “A” in Figure 2.

Schwartz has proposed a range of possible T/R levels between 100 ppt and 1 ppb
(5). The lower bound for this range was justified on the basis of known diffusion
coefficients for migrating species from polymeric food-contact materials, and repre-
sents a practical limit to current analytical capability for indirect food additives. At
the upper limit (1 ppb) the target risk avoidance probability begins to exceed 50
percent. The range proposed by Schwartz is shown as the span between arrows “B”
and “C” in Figure 2.

Recently, Munro et al. published a table of Target Risk Avoidance Probabilities
(see Reference 11, Table 2) as well as parameters defining the lognormal potency
curves for each of four carcinogen data sets they studied (13). Using their parameters,
we have plotted in Figure 2 the Target Risk Avoidance Probabilities for two of their
data sets, including the one they state to be of most relevance to the T/R problem. As
can be seen from Figure 2, the Munro et al. analysis is in substantial agreement with
the present analysis. Munro et al. argue that a dietary intake level as high as 1 ppb
provides adequate protection from presumptive cancer risk, and that the level may be
even higher, possibly as high as 10 to 15 ppb, if adequate data are available to preclude
the genotoxicity of the chemical in question (/4). The T/R level suggested by Munro
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Figure 1. Probability distribution of carcinogen potencies based on the data base of
Gold et al. (15-17) for 477 selected carcinogens.
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Figure 2. Target Risk Avoidance Probabilities as a function of human dietary intake.
Data of Rulis (2) and Munro et al. (II). Ordinate represents the probability that
presumptive upper-bound risk of carcinogenesis would notexceed 1X 10¢uponlifetime
ingestion at the dietary level indicated on the abscissa. Arrow A corresponds to a T/
R level of 50 ppt (2). Arrows B and C represent a range of possible T/R levels
described by Schwartz (5). Arrow C and above corresponds to the proposed T/R level
of Munro et al. (11-14). Arrow D corresponds to a T/R level of 0.5 ppb. Data set 1
(+) of Rulis is from an unpublished analysis of 477 carcinogens selected from the Gold
et al. data base. Data set 2 (+) of Rulis is from a previously published analysis of 343
Gold et al. carcinogens. Data set 3 (*) of Munro et al. is from a set of 492 Gold et al.
carcinogens. Data set 4 (X) is from a set of 217 carcinogens selected by Munro et al.
to be the best representative set for the purposes of establishing a T/R level.
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et al. is shown in Figure 2 as arrow “C” at 1 ppb with an indefinite span to the right of
that level.

Taken together, the data of Figure 2 show that an upper-bound presumptive risk
of carcinogenesis from lifetime dietary ingestion of a carcinogen at alevel of 1 ppb will
be less than 1 X 10-6 with roughly a 50 percent probability (Arrow C), while at lower
dietary intakes it becomes increasingly probable that the potential risk will not exceed
that target risk level. Recall that these “risks” are conjectural and not actuarial in any
sense. They are upper-bound estimates derived from a highly conservative linear
extrapolation of data from animal studies. Furthermore, it has been presumed that the
chemical in question is in fact a carcinogen. This is not likely to be true for more than
about one in perhaps three to five randomly selected compounds.

At the present time it appears that a T/R level on the order of 0.5 ppb (arrow “D”
in Figure 2) may represent a reasonable balance between necessary conservatism and
practical utility. In the absence of any detailed toxicological information about a
compound, including genotoxicity information, this level provides adequate protec-
tion from presumptive carcinogenic risk, and is also within the realm of analytical
measurability.

Summary and Conclusions

Several impelling considerations currently point to establishment of a T/R for food
packaging materials. The 1979 Monsanto vs. Kennedy decision of the United States
Court of Appeals reminded the agency of the Commissioner’s limited exemption
authority under the present statute. FDA has yet to formally delineate its understand-
ing of the scope and application of that exemption authority. The Monsanto court
decision provides both an opportunity and an impetus to move forward with a T/R
policy. Furthermore, industry petitioners for new food additives deserve to have
consistent and expeditious decisions about their products under regulatory authority
of FDA. These decisions must also protect the public health. Regulatory agencies
need to find more ways to employ the “principle of commensurate effort,” under which
they systematically devote their limited resources to issues in proportion to the likely
net public benefit. Expeditious handling of a larger number of trivial or near trivial
issues would allow more attention to be focused on the less numerous, yet more
important, issues. These are all major concerns related to the T/R policy for indirect
food additives under development at FDA.

Scientific analyses suggest that even if the toxicological endpoint of carcinogenesis
is selected as the key factor in setting a T/R level for indirect food additives, a level
can be set that is both practical from the analytical standpoint and fully protective of
public health. A level of the order of 0.5 ppb may be a reasonable starting point for
such a policy, lying as it does, midway in a range bounded by analytical limitations on
one end and by increasing probability of presumptive toxicity on the other. Of course,
FDA has not yet settled on a specific T/R level, nor for that matter does it have the
specific considerations of a policy fully laid out. When the agency develops its
approach to a point where outside opinion and independent review will be helpful, we
intend to publish a proposal in the Federal Register and request public comment.
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Chapter 15

Food Ingredient Safety Evaluation

Guidelines from the U.S. Food and Drug Administration

George H. Pauli

Division of Food and Color Additives, U.S. Food and Drug Administration,
200 C Street, SW, Washington, DC 20204

Procedures for the safety evaluation of food ingredients must take into
account the legal authority for requiring safety testing, the capability of
various scientific methodologies to address questions relevant to the safety
of food, the risks to be encountered if safety questions are not addressed,
and the societal consensus on what safety means. The societal value of
committing scientific resources to address particular questions must also
be considered. This consideration requires not only scientific knowledge
of what may constitute a hazard, but also an understanding of how we have
come to accept our present system of requirements.

It would be difficult to achieve a consensus on the best way to ensure safety if one had
todesign a safety testing system de novo. However, aremarkable consensus exists that
the system which has evolved is effective at protecting public health and is achievable
atan acceptable cost. This chapter presents an overview of how food ingredient safety
assessments are made by the U. S. Food and Drug Administration (FDA). I will not
presume more than a chemist’s knowledge of toxicity testing, although I am sure that
much of what I say will be well known by many in the audience. Several other chapters
will provide more specific information on particular aspects of safety assessments.

Background

The FDA has had the authority to require safety testing of food ingredients only since
1958. Prior to that time, responsible companies tested ingredients for their own
assurance that they were not selling a product that might be harmful, and government
scientists occasionally tested ingredients that they thought might pose some risk.
Industry testing often was done in consultation with government scientists to ensure
wide acceptance of the results. Thus, when the Food Additives Amendment was
passedin 1958, requiring premarket approval of all new ingredients, there was already
a working consensus on the types of testing that would be needed. (The Food

This chapter not subject to U.S. copyright
Published 1992 American Chemical Society

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch015

July 15, 2012 | http://pubs.acs.org

15. PAULI  FDA Guidelines for Food Ingredient Safety Evaluation 141

Additives Amendment actually applies to the use of any substance that might become
a component of, or otherwise affect the composition of, food. Thus, it also applies to
packaging materials and food processing equipment. This chapter will focus on
ingredients, however.) There are several principles that underlie the basis for such
testing:

1. Thedose makesthe poison. Nearly any substance will be toxic at some dose. The
objective is not to determine whether a substance can be toxic, but to determine
whether some level of consumption can be considered safe.

2. In assessing toxicity, animal models can be used as surrogates for humans.

3. Different species, and individuals within a species, will vary in their sensitivity
to a substance. Therefore, it is prudent to test in more than one species and to use
sufficient numbers of animals to obtain statistically meaningful results.

4. Because of the variations described above, any extrapolation of data from one
species to another introduces uncertainty. Therefore, safety factors have been
applied to compensate for such uncertainty. Traditionally, a hundredfold safety
factor has been applied to estimate a safe intake for humans based on a level
producing no adverse effects during chronic feeding studies in animals; i.e.,
human consumption at a level 100 times less (in terms of the amount consumed
in proportion to the body weight) than that producing no effect in animals is
considered safe. Such a safety factor cannot be used for a substance that causes
cancer at a higher dose, however, because a threshold for such an effect cannot
be assumed.

5. The amount of testing required should be commensurate with the potential for
risk posed by use of the ingredient.

When Congress passed the Food Additives Amendment, it allowed considerable
discretion to government scientists on what testing should be required. The Food
Additives Amendment does not require any specific testing to be done, although it
requires sufficient data to conclude that the use of a substance is safe. Congress also
recognized that complete certainty about the safety of any substance was impossible,
a situation which has not changed with our substantially increased knowledge today.
Correspondingly, FDA regulations define safety as a reasonable certainty in the minds
of competent scientists that the substance is not harmful under the intended conditions
of use.

Congress did include one provision restricting discretion: the Delaney Clause.
This provision (which applies, in slightly different forms, only to food additives, color
additives, and animal drugs) restricts the government from concluding that any
additive is safe if it has been shown to induce cancer in man or animal when ingested
or when applied by another route in an appropriate test. At the time of enactment, this
provision was unlikely to affect decisions because in most cases scientists could not
conclude to a reasonable certainty that use of a carcinogen would cause no harm. Its
significance has probably been more symbolic than substantive. In recent years,
however, we are seeing more examples in which a decision may depend solely on the
Delaney Clause and efforts have been considered to amend or revoke it. The current
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Secretary of Health and Human Services has stated that such a change would be
appropriate.

In considering requirements for safety evaluation of ingredients, it is important to
consider different categories of ingredients. Congress created three categories of
exemptions from the requirement to demonstrate safety of aningredient: (1) ingredients
whose safe use is covered by other laws; (2) ingredients previously and explicitly
found to be acceptable by the FDA or the U.S. Department of Agriculture; and (3)
substances whose use is generally recognized as safe (GRAS) by experts qualified to
make such determinations. This latter category is particularly significantin thata final
decision on the safety evaluation is not reserved for the government. To ensure
protection of public health, however, and to provide orderliness in decisions, FDA has
involved itself in such GRAS determinations, establishing a petition process for
positively affirming its agreement with independent GRAS determinations.

Under the Food Additives Amendment, GRAS determinations can be made on
either of two bases: on a safe history of use prior to January 1, 1958, or on scientific
procedures such as those used for food additives. The latter basis raises the question
of how this differs from food additive approval. The intent of Congress is not clear
but there is no evidence that Congress intended a standard weaker than that for food
additives or that it intended to set up a dual system for premarket approval. FDA has
concluded that the quality and quantity of data needed to demonstrate that a substance
is GRAS by scientific procedures are the same as those needed to demonstrate the
safety of a food additive, but that the data must be published in order to have general
recognition. FDA expects that new substances would be evaluated as food additives.

Criteria for Safety Evaluation

AnFDA review of the safe use of an ingredient is triggered by one of two circumstances:
a petition to amend the regulations to permit a new use of an additive, or an agency
initiated review stimulated by new data requiring a reconsideration of an earlier
decision that use of an additive is safe. A reevaluation of earlier decisions depends
primarily on the specific facts of a particular case and will, therefore, not be discussed
here.

A sponsor petitioning for a change in the regulations to permit a new use of an
ingredient bears the full burden of demonstrating that the requested use is safe. The
petitioner should become expert on the safe use of the ingredient in question and the
petition is the forum for demonstrating that expertise. FDA uses its general expertise
to determine whether the petition provides an adequate demonstration of safety. FDA
has issued several guidelines to aid the petitioner in preparing the petition, but the
responsibility of providing adequate data is solely that of the petitioner. (These
guidelines are available from the FDA upon request, with the exception of a more
extensive set of guidelines on toxicity testing, discussed below, which is available
from the National Technical Information Service for a nominal fee.)

A petition is, in effect, a scientific/legal document that must be sufficiently
complete to allow any knowledgeable, objective observer to conclude that all
reasonable safety questions have been addressed. Moreover, there must be sufficient
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detail for FDA scientists to reach their own conclusions on what the data demonstrate,
independently of the conclusions of the original researchers.

Two important factors that govern the safety review are (1) that the safety of a
substance being considered is safevy/under all conditions of use to be permitted and (2)
that a determination that the requested use is safe applies to use by all possible
companies, not just the petitioner. Thus, any controls needed to ensure safe use must
be established before approval is granted so that all users of the ingredient are subject
to the same controls.

Chemistry and Food Technology

The first criterion to be met is to establish an adequate identity for an additive. The
common name for an additive usually defines either the major intended component of
a commercial product or the source from which an additive is extracted. No
commercial product is absolutely pure, however, so consideration must be given to the
full range of components likely to be present in an additive under actual conditions of
use. Possible source materials and manufacturing processes must be considered to
determine the impurities likely to occur and multiple batches must be analyzed to
determine actual composition and its variability. On the basis of such information,
chemists and toxicologists can decide what specifications may be necessary to ensure
safety. Any analytical method used to characterize a substance must be fully described -
and shown to be valid for the concentrations being determined.

The second criterion is whether the substance changes during use. This means that
the types of food and the conditions under which the substance is intended to be used
must be described. For example, does it decompose when heated or when present in
acidic aqueous solutions? If so, what are the degradation products that will be
consumed? Are restrictions needed for the types of foods in which the additive may
be used? Does the petitioner want to request limits so as to avoid the need for
addressing questions about conditions of use that may not be commercially important?

What is the technical effect to be achieved? In what amounts will an additive be
used? In what types of foods? Is there a technologically self-limiting level of use such
that the food would not be consumed if higher levels were present? This information
is needed to assess how much of each component is likely to be consumed. If a
tolerance is needed to ensure safety, that tolerance must be no higher than the amount
needed to achieve the technical effect.

FDA uses consumer surveys to estimate portion sizes and frequency of eating so
that, in combination with proposed use levels, it can reasonably estimate the amount
of an additive likely to be consumed. Although consumer eating habits vary, FDA
looks for the amount consumed by a person who eats relatively large amounts of the
food in which the additive is used. This approach poses some problems when an
additive is used in many different foods because the same person is unlikely to eat large
amounts of each category of food. In such cases, a greater emphasis must be given to
the average eater of the many different foods.

Atthe end of the chemistry evaluation, one should have a good idea of the amounts
of each component of concern that are likely to be consumed if the requested
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permission to use the ingredient is granted. Sufficient information will have been
presented to allow a chemist to verify the data, if necessary. One last important
criterion must be considered. If the estimate of consumption depends on the
establishment of limits to ensure purity or level of use, then the petitioner must present
analytical methodology capable of verifying that such limits are being met. FDA may
require samples of food containing the requested concentration of additive so that its
analysts may evaluate the adequacy of the methodology in the laboratory, but in any
case the petitioner must develop and validate the test methods.

Toxicology

FDA requires a core of toxicology data that depends on the substance and its use.
Additional studies may be required to satisfy concerns raised during the initial, or core,
testing. Feeding studies in laboratory animals are generally required. As noted
previously, the extent of testing should be commensurate with the anticipated risks
posed by the use of the substance. Therefore, FDA has devised a set of core
requirements which considers both the chemical structure of the ingredient and the
amount likely to be consumed to establish a “Concern Level” that gives guidance as
towhatstudies are needed. Details for determining Concern Levels, their corresponding
core test requirements, and guidelines for conducting tests are described in Toxico-
logical Principles for the Safety Assessment of Direct Food Additives and Color
Additives Used in Food, published by FDA in 1982 and available from the National
Technical Information Service. This document, commonly known as the Redbook, is
currently under revision and will be discussed later by other authors in this book.

FDA has established three structure categories in which all chemicals can be
organized according to their functional groups. For each of these, ranges of dietary
exposure are used to establish three Concern Levels, as shown in Figure 1. For the
highest Concern Level, FDA normally requires carcinogenicity studies in two rodent
species, a chronic toxicity study in a rodent species, a long-term (at least one year)
study in a non-rodent mammal, and a two-generation reproduction study with
teratology phase in a rodent species. Typically, the carcinogenicity, chronic toxicity,
and reproduction/teratology studies are conducted as a combined study in a rodent.
Generally, a 100-fold safety factor is applied to the no-observed-effect level to
determine the maximum acceptable daily intake (ADI) for humans. (This approach
is inapplicable, of course, to ingredients that are consumed in such large amounts that
a 100-fold safety factorisimpossible.) Observed toxic effects in any of the studies may
indicate the need for more specialized studies to ascertain their significance for human
health. For any petitioned ingredient, a thorough review of the toxicological literature
is also needed to ensure that no relevant information is overlooked.

The Redbook also offers guidance on the design of specific studies to ensure that
useful information will be obtained. Studies must be conducted according to good
laboratory practices (as defined by regulation in 21 CFR 58) to ensure that results are
credible. This requirement relates to the earlier discussion of ingredient identity and
ensures that the lots of ingredient tested are representative of what would be consumed

In Food Safety Assessment; Finley, J., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1992.



Publication Date: February 14, 1992 | doi: 10.1021/bk-1992-0484.ch015

July 15, 2012 | http://pubs.acs.org

15. PAULI  FDA Guidelines for Food Ingredient Safety Evaluation 145

Structure ¢~ Stucture8  Stucture A
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s 0.025 ppm
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* C.L. = Concern level
** ppm = Parts per million dietary exposure to the additive

Figure 1. Concern level from exposure and structure.
SOURCE: Toxicological Principles for the Safety
Assessment of Direct Food Additives and Color
Additives Used in Food; U.S. Food and Drug
Administration, Bureau of Foods; Washington, DC,
1982.
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by humans in the food supply. Also, good recordkeeping practices are essential to the
usefulness of a study. FDA has required petitioners to provide more detailed
information toresolve an issue because its significance was not clear from the original
report. Resolution of suchissues sometimes has required reevaluation of histopathology
slides.

It is important to recognize that the Redbook is solely intended to provide guid-
ance. The guidelines of the Redbook are not mandatory, because there is a need for
judgment in making decisions on safety. There may be situations where other
information is available that will help demonstrate safety without the need for full
toxicological testing requirements.

Environmental Impact

All federal agencies are required by the National Environmental Policy Act to consider
the environmental consequences of their actions, including the consequences of
issuing rules permitting use of a food ingredient. Unless FDA can conclude that there
will be no significant environmental impact from an activity to be permitted, and
issues a public document stating the reasons, it must prepare an environmental impact
statement. Although an environmental impact statement is rarely needed, there is still
aneed for data that would support a finding of no significant impact. Not surprisingly,
FDA requires the petitioner to provide such information in an environmental assessment.

Data are needed to predict the environmental introduction, fate and effects of
chemicals that would enter the environment through manufacture, use and disposal of
aproposed ingredient. For the site of manufacture, FDA tries to avoid duplicating the
environmental review of other governmental agencies by relying, to the extent
possible, on a certification of compliance with federal, state, and local emissions
requirements, including occupational exposure limits. The required data provide a
basis for assessing the likelihood of an environmental impact. As with other aspects
of premarket approval, foreign and American companies are treated alike. FDA is
required to consider the environmental impact of its regulations anywhere in the
world.

Although in most cases there will be little potential for a significant environmental
impact from the use of a safe food ingredient, care is needed to ensure that situations
where there could be a significant impact are not overlooked. An environmental
assessment must be a complete document that, by itself, will show that there is no
reasonable potential for an environmental impact. The FDA Center for Food Safety
and Applied Nutrition’s Environmental Impact Section makes available step-by-step
guidance for petitioners preparing environmental assessments.

Nutrition

Ingredients may be nutrients or replacements for nutrients, or they may interfere with
the utilization of nutrients. Itis difficult to establish general guidelines for addressing
nutritional concerns but one should be alert for potential effects. Animal feeding
studies may reveal nutritional as well as toxicological information. The intended use
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will also provide information on the potential for adverse nutritional consequences.
The need to generate new information is likely to vary with the individual case.

Microbiology

Finally, for some ingredients, the need for chemical information may be replaced, in
part, by a need for biological information for one of two reasons. First, the technical
effect to be accomplished by an ingredient may be biological. One needs data on
efficacy to determine the amount of an ingredient needed to be effective as an
antimicrobial agent. As stated above, if there is a need to set a tolerance on the amount
of aningredient to be used, the tolerance should be no higher than necessary. This limit
is intended to prevent gratuitous use of ingredients. A corollary is that use of an
antimicrobial agent at levels too low to be effective is also a gratuitous increase in
one’s consumption of the ingredient.

Second, in a growing number of cases, ingredients are being manufactured by
biological rather than chemical means. The types of impurities that might be of
concern will not be predictable from the laws of synthetic chemistry but will depend
on the organisms used for manufacture. Biotechnology has been used in food
manufacture for many years, but the new possibilities being made available through
recombinant DNA technology present new issues to be addressed. Microorganisms
used in food processing must be well characterized and understood to allow the design
of a scheme that will provide an effective safety assessment. As a minimum, the
following information is needed to evaluate the safety of their use.

1.  Documentation and taxonomic identification of the specific strain of organism
to be used.

2.  Details of procedures used to guarantee cultural purity and genetic stability.

3. Quality control procedures to ensure use of a pure culture.

4. Description of methods to ensure absence of antibiotic formation by culture.

5.  Evidence that microorganism isolates are neither toxigenic nor infectious.

6.  Evidence of controls to ensure that viable cells of the production strain will not
be present in food.

Summary

The data requirements for evaluating the safety of a food ingredient must be
determined by specific case. In all cases, the ingredient must be adequately identified
and there must be sufficient information on record to provide assurance that the
amount consumed will not cause harm. The person intending to use the ingredient is
responsible for ensuring that sufficient information is present in an official record for
FDA to conclude that use of the ingredient is safe.

The cooperative efforts of government and industry scientists over several decades
have led to a general acceptance of procedures for demonstrating the safety of food
ingredients. Whether they are the best procedures is not answerable because,
presumably, there may always be more efficient and effective procedures. FDA has
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issued many guidelines describing test procedures that it finds acceptable, and it will
always consider proposals for more effective and efficient methods to determine the
safety of food ingredients. The standard set by law is not that any particular tests be
conducted, but that the use of the ingredients be demonstrated to a reasonable certainty
to be harmless.
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Chapter 16

A Flavor Priority Ranking System

Acceptance and Internationalization

Otho D. Easterday!, Richard A. Ford? Richard L. Hall®, Jan Stofberg?,
Peter Cadby5, and Friedrich Grundschober®

International Flavors and Fragrances, Inc., Union Beach, NJ 077353597
ZResearch Institute for Fragrance Materials, Englewood Cliffs, NJ 07632
3Consultant, 7004 Wellington Court, Baltimore, MD 21212
4Consultant, 72 Wildwood Drive, Lake Monticello, Palmyra, VA 22963
5Product Safety Department, Firmenich SA, 1 route des Jeunes, CH—1227,
Geneva, Switzerland
SInternational Organization of the Flavor Industry, 8 rue Charles-
Humbert, CH—1205, Geneva, Switzerland

A system, accepted by the Codex Alimentarius Commission and others
and developed by the combination of (1) the FEMA Decision Tree, (2) the
FDA Prioritized Assessment of Food Additives (PABA — so called
“Redbook™, (3) the Consumption Ratio, and (4) the application of Toxi-
cological Adjustment Rules, is briefly described. The system uses expo-
sure estimates, structure—activity relationship elements, consumption ratio
data, observed toxicity data, and adjustments to rank a large number of
flavoring substances into seven levels of priority concern. We present
information of the system’s acceptance by National and Supra-National
organizations. Sample exposure estimates for European and U.S. flavors
arediscussed inrelation to the effect upon the priority level of concern. The
current program with Supra-National organizations is described.

The number of flavoring substances known to be in use around the world, both as a
result of intentional addition to food and as a result of their natural occurrence in foods,
numbers in the thousands and may well exceed 10,000. While there is no evidence of
any harm from these substances under normal conditions of use, the public is
increasingly asking for evidence that these substances have been reviewed in a
systematic manner using a scientifically sound, validated system.

Such a system or method of approach must be able to select out of the thousands
of flavoring substances the few that, because of volume or use, chemical structure, etc.,
would be considered to have the highest priority for in depth evaluation. It must also
provide confidence that those substances of lower priority present no significant risk
as they continue to be used until such time as the review process can accommodate
them.

A priority setting system (not identified as such) was called for as early as 1967
by JECFA [Food Agriculture Organization (FAO)/World Health Organization (WHO)

0097-6156/92/0484—0149306.00/0
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Joint Expert Committee on Food Additives] at their 11th meeting and in subsequent
meetings. JECFA proposed consideration of consumption data and existing safety-in-
use information of a substance as criteria for the selection of substances for further
evaluation.

In responding to this request, a flavor priority ranking system was developed as
described by Easterday, etal (/). The concept combined: (A) The Consumption Ratio-
Food Predominant concepts (2-10), (B) The structure-activity- relationship “Decision
Tree” (11, 12) and (C) The computerized test data weighted method (13, 14).

The concept was developed by an ad hoc group and applied to a set of flavoring
substances derived from the Codex Alimentarius Commission’s List B2 and an
International Organization of the Flavor Industry (IOFI) subset. Working coopera-
tively with the Working Group on Flavors (a working party of the Codex Committee
on Food Additives and Contaminants (CX/FA)) Codex List B and an IOFI subset was
prioritized (15,16). A presentation to the CX/FA Meeting lead to the Working Group
on Flavors’ recommendation that one of the four methods examined be adopted by the
CX/FA plenary session (I6) (Rulis, A.M. et al., A Codex Flavor Priority Ranking
System, Twentieth Session of the Codex Committee on Food Additives and Con-
taminants, Joint FAO/WHO Food Standards Programme, Codex Alimentarius
Commission, 7-12 March, 1988, The Hague, unpublished data).

The prioritization of flavors was discussed further at a Strasbourg, France, Joint
Council of Europe (COE)/European Community Workshop in 1987 by Rulis and Hall
(17,18). Doctor Rulis, a member of the ad hoc working group, was invited to present
the system and the results obtained to the JECFA (19). The system, as developed, is
consistent with the principles discussed in the WHO monograph entitled Principles
Jfor the safety assessment of food additives and contaminants onfood (20). The Codex
Alimentarius Commission and JECFA have endorsed, or officially accepted the
system. The Flavor and Extract Manufacturers’ Association of the United States
(FEMA) — Expert Panel uses the system as well. Further refinements were made and
presented at the COE, 2nd International Consultation on Flavors (Hall, R. L., et. al.,
A Method for Prioritizing Flavor Substances for Safety Evaluation. 2nd International
Consultation on Flavors, 27-28 April 1989, Strasbourg, Council of Europe, 1989,
unpublished data.) and at the London Meeting on “Harmonization and Consistent
Approach to Regulation of Flavors” (21). The latter two sessions further endorsed the
use of the priority setting method for application to flavors.

The United States Food and Drug Administration (FDA) and IOFI use the system.
The current data bank uses the FDA’s mainframe computer. Other national industry
flavor associations and/or national governments are supportive, participate or provide
information. The work is coordinated by the International Committee on Flavour
Priority Setting (ICFPS).

We briefly outline the historical developments within national and supra-national
organizations. We summarize their endorsements, the official and unofficial accep-
tances and the progressive internationalization of the ad hoc working groups’ effort to
the current period.

This method is not intended and should not be used as a technique for safety
evaluation. Clearly, however, any setting of priorities carries an implied estimate of
what formal safety evaluation would likely confirm. It does this only in order to
integrate and to apply systematically the available information and a sensible, broad,
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conservative judgement to insure that the more urgent risks are examined first, and in
greatest depth, and that minor or insignificant risks are appropriately delayed, and not
allowed to interfere or preempt limited resources. It should also provide confidence
that those substances in a lower priority class may continue to be used with minimal
risk until such time as in depth examination is possible.

The method used for establishing priorities among flavoring substances is com-
posed of a set of simple procedures that, when applied to any inventory of flavor
substances, produces subsets that can be designated for further review and evaluation.
The work has been completed with the Codex List B and the chemically defined flavor
substances approved for use in foods in the United States. However, the COE has
discussed this technique for application to the flavors mentioned in its Blue Book (22),
Pink Book (23) or subsequent revisions. The priority ranking of the flavoring
substances submitted in the European Inventory to the European Community is
currently being investigated.

The system is “risk-based”. The highest priority is alloted to those flavors that
have the greatest presumptive risks. The principal components of risk are inherent
toxicity and exposure. The system is selective and can differentiate among substances
thus creating subsets of substances of manageable size appropriate to the resources
available for safety evaluation The system is structured for computerization, can
incorporate a large range and number of substances and is flexible. It can easily
incorporate new information for any substance. Thus, it can test the effect of and
incorporate new data on existing priority lists.

Since classical toxicological data is lacking for many flavoring substances, the
system can utilize other information in the absence of specific toxicity data for a
particular flavoring substance. This method utilizes, in decreasing order, exposure
(intake), structure-activity relationship information and natural occurrence in food.
The method considers available toxicological data and past evaluations, utilizing
information contained in current computerized data banks, rather than original study
reports. The system does not underestimate risk. It is organized to be conservative.
The priority setting method does not bias any special type of regulation. Itis a rational
and scientifically based priority setting system useful for focusing safety evaluation
in any reasonable regulatory operation.

An inventory of any set of candidate substances to be ranked is prepared. The
chemical structure of the substances must be identified with certainty. Following the
construction of the inventory, a set of “hybrid priority levels” is formed. The initial
assignment of “presumptive concern” for each flavor to be ranked is based upon two
well established procedures. Both procedures use: (a) estimates of probable intake and
(b) information about chemical structure. These procedures combine chemical
structural information (in the form of assignments to discrete structural categories)
with human intake (exposure) data to permit the allocation of all flavors into one of
several “concern levels”.

One method, the U.S. FDA Redbook procedure uses tables of chemical structures
to assign flavors into structure categories (24). The second of the two procedures, the
FEMA “Decision Tree”, employs a decision tree composed of 33 questions to assign
flavors into chemical structure categories (/). For both procedures, substances are
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assigned to one of three chemical structure categories corresponding to “low”,
“intermediate” or “high” presumptive toxicity. These structure assignments are
combined with the estimates of exposure through intentional addition to food to
categorize the flavors into one of several initial “concern levels”, three for the FDA
Redbook procedure and four for the FEMA Decision Tree procedure. The “concern
levels” derived from the two procedures are combined into a single set of “hybrid
priority levels”. In this manner, the highest “concern level” by both procedures is
correlated with the highest “hybrid priority level.” Likewise, the lowest “concern
level” is related to the lowest “hybrid priority level”. Thus, by definition, the “hybrid
priority levels” are the sums of the respective numbers characterizing the individual
procedure’s “concern levels”, with the “hybrid priority level” 7 being the highest
(Table 1).

Table 1. Merging Procedure For Hybrid Priority Levels

Hybrid Priority level RCLS FcLb
7 3 4
6 3 3

2 4
5 3 2
2 3
1 4
4 3 1
2 2
1 3
3 2 1
1 2
2 1 1

SOURCE: Reproduced with permission from ref. 19. Copyright
1989 World Health Organization.

4Concemn level defined by the FDA Redbook method.

bConcem level defined by the FEMA Decision Tree method.

The next operation in setting flavor priorities is to adjust the hybrid priority level
assignments by considering the quantity of the flavor substance's natural occurrence
in food. This can be done by invoking the concept of "consumption ratio” developed
by Stofberg (8). By definition, the "consumption ratio" is the ratio of the per capita
intake (exposure) resulting from the flavor substance's natural occurrence in food to
the per capita intake of the flavor from its intentional addition to food (6, 26). A large
consumption ratio indicates that the human intake (exposure) from natural occurrence
sources of the flavor in food is much larger than the intake that is derived from its
intentional addition to food. Similarly, a consumption ratio of zero signifies that the
flavor material does not have natural occurrence in food as currently known. Con-
sumption ratios vary from 1 x 10-3 to 1 x 103.
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For the assignment of flavors to priority levels, the effect of the consumption ratio
depends upon whether the initial priority level is high or low. If the “hybrid priority
level” is low, a high consumption ratio will lower the priority since it is extremely
difficult to control a substance that is primarily consumed as a result of its natural
occurrence in food. But, if the “hybrid priority level” for the flavor is high initially,
a large consumption ratio suggests a larger level of risk that demands scrutiny despite
difficulty of control. Because of these arguments, the priority setting method uses the
consumption ratio to adjust the initial assignments to the “hybrid priority levels” as
follows:

1. Any substance placed in “hybrid priority level” 7 should not have that
priority reduced by the consumption ratio. The presumptive risk is in no
way reduced by heavy intake of the flavour from natural sources, but is
increased. However, there is no need for a higher priority than the highest
already available. Thus, all substances in “hybrid priority level” 7 remain
there.

2. Substancesin “hybrid priority level” 6 with aconsumption ratio higher than
100 should be moved to priority level 7, since intake of the substance from
natural sources requires review. Consumption ratios of less than 100
should have no effect.

3. At*“hybrid priority level” 5, the consumption ratio should be without effect.

4. At “hybrid priority level” 4 and below (and for consumption ratios 23.2),
the hybrid level of concern should be reduced by the logarithm (base 10)
of the consumption ratio rounded up or down to the nearest integer (Table

2).
Table 2. Effect Of Consumption Ratios On Hybrid Priority
Levels Of 4 And Below
Consumption Log CR Level
Ratio (CR) Reduction
CR 23200 >4 4%
320 < CR <3200 3 -3*
32<CR <320 2 -2
32<CR<32 1 -1
CR< 3.2 <1 0

SOURCE: Reproduced with permission from ref. 19. Copyright
1989 World Health Organization.
*The priority level should not be reduced below zero.

The next and last sequential operation for the priority setting system is an adjustment
for toxicological data, if available, for a specific flavor present on the priority list.
After adjustment for the consumption ratio, a set of guidelines are used to apply
summaries of existing toxicological data and scientific judgments to determine a final
priority assignment. Itis important to use summaries, rather than original reports. The
use of summaries not only expedites the process, but it also tends to counteract the all-
to-easy temptation to evaluate, instead of simply to prioritize.
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The parenthesized references are to the definitions that follow the guidelines.

1.

Seriously adverse data(a) not previously evaluated by the WHO/FAO Joint
Expert Committee on Food Additives (JECFA) raise the substance to the
highest priority level.

Adverse data weigh much more heavily than favorable data of equal
quality.

Suggestively adverse data(b) not clearly overridden by substantially more
data of higher quality raise the substance by three priority levels, or to the
highest level unless guidelines 7 or 8, below, apply.

Data by non-oral routes or in non-mammalian species are given weight
only in the absence of the oral data, unless there are data indicating
relevance to ingestion.

Data from short-term (mutagenicity) tests have no weight unless, in the
absence of chronic data, the results from two or more different tests are
positive for mutagenicity.

A prior JECFA review that resulted in setting either a specific Allowable
Daily Intake (ADI) (not a temporary ADI), or an “ADI not specified”
reduces the priority level to zero unless 1, above, applies.

Data from chronic studies of at least moderate quality(c), showing no
adverse effects at feeding levels 1000x probable daily intake, reduce the
priority of a substance by three levels, but not below level one, unless
guideline 1, above applies.

Data from subchronic studies of at least moderate quality(c), showing no
adverse effects at feeding levels 1000x probable daily intake, from sub-
stances in priority levels five and below reduce the priority by three levels,
but not below level one, unless 1, above, applies.

Data from LD5() tests have weight only in absence of data from repeated
dose studies, and only if the LD5( is less than 100 mg/kg, in which case
they raise the priority to the highest priority level.

10. Mixed data, generally favorable(e) but of poor quality and thus raising or

leaving some questions, have no impact.

11. Data of poor quality(f) have no weight unless seriously adverse (see

Guideline 1).

Definitions

(a) “Seriously adverse data” means data from other than single-dose acute

studies that indicate the potential for proliferative lesions, necrosis, repro-
ductive, or reproductive organ effects, developmental or teratological
effects, or other irreversible effects.

(b) “Suggestively adverse data” means data that do meet the definition of

“seriously adverse”(a), but that imply the presence of dose-related adverse
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effects that are very unlikely to be serious or irreversible, or to occur within
reach of human exposure, but that nevertheless suggest a somewhat higher
priority for future evaluation than if such effects had been absent.

(c) “Moderate (or credible) quality” means data from a study that does not
meet guidelines for “high quality”’(d) It does meet minimum standards, but
has defects that render it inadequate for supporting persuasively the
absence of adverse effects.

(d) “Higher quality data” are from studies that meet published guidelines for
current scientific quality. (This term is not used in the toxicological
guidelines, butis given here for clarity in connection with other definitions.).

(e) “Mixed data, generally favorable...” mean data from two or more studies
that fall short of desirable minimum (“core quality”) standards, and thatdo
not agree in being entirely negative in their conclusions. Any adverse
implications, in type and frequency of effects, and in the relation of the
dose level(s) associated with such effects to possible human exposure, fall
well short of “seriously adverse.” Such effects are, at most, “suggestively
adverse” and are outweighed in quantity and quality by data showing no
effect.

(f) “Poor quality” means significantly short of desirable minimum quality
standards in one or more critical respects, but not wholly lacking in some
possible indicative value.

Almost regardless of priority, where there is certain knowledge of toxico-
logical testing currently under way, it seems reasonable to suggest that it
will generally be sensible to delay review until the results are available.

We regard the careful use of existing toxicological data, in a highly conservative
way, to influence the final priority as only rational. If we wish to decide which of two
substances to evaluate first, no reasonable toxicologist would choose a substance with
data that show little or no risk over a similar substance on which no data are available.
Likewise, if suggestively adverse data exist, even if not clearly relevant to the final
safety evaluation, itis only logical toraise the priority so that such data can be reviewed
in a timely manner.

The ad hoc Committee has applied the priority setting system to two flavor lists.
They were the Codex List B - IOFI subset (602 flavoring substances) and a list of 1229
U.S. approved synthetic flavors. The data base was created in the FDA computer by
merging files from the FDA computer with data files from FEMA and from the
National Academy of Sciences. The resulting data file is in a d-Base III data base and
is conveniently accessible. For each flavor ingredient, the database contains:

Chemical name;

FEMA number;

Chemical Abstract Service Registry Number (for certainty identification);
Exposure or intake (total number of pounds, which disappears yearly into
the U.S. food supply);

Pl ol > e
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FEMA chemical structure category;
FEMA concern level;

Redbook chemical structure category;
Redbook concern level; and
Consumption ratio (if available).

© 0N oW

The system’s computer printout is illustrated for Codex List B - IOFI subset priority
level 7 substances in Table 3 as produced on April 30, 1990:

Table 3. Illustrated List Of Codex List B - IOFI Subset Flavors For The Codex Committee
On Food Additives And Contaminants (1987 Poundage)

Final Priority Level 7 R F

CASNo.  Name ID CRatio Poundage S CS C LLCTIR P
000075070 Acetaldehyde 2003 1210 11200000 A 31 C 6 6 1 7
000123682 Allyl Hexanoate 2032 962000 C 32 C 6 6 3 7
000057067 Allyl Isothyocyanate 2034 5306 3820000 C 32 C 6 6 3 7
002835394 Allyl Isovalerate 2045 200 C12A22 17
004180238 Anethole 208 1.788 3770000 C 33 D 7 7 1 7
000087296 Cinnamyl Anthranilate— 2295 000 C12A22 17

Prohibited

000119846 Dihydrocoumarin 2381  0.000 827000 C 33 D 7 7 10 7
000140670 Estragole 2411  1.230 30000 C13C44 1 7
000121324 Ethyl Vanillin 2464 157000000 C 32 D 7 7 10 7
000050215 Lactic Acid 2611  0.000 318000000 C 31 D 7 7 7
067633970 3-Mercapto-2-Pentanone 3300 100 B11A22 17
000092488 6-Methylcoumarin 2699 84000 C23C55 17

Symbols: R =FDA Redbook; F =FEMA Decision Tree; S = Structural Category; C =ConcernLevel;
L =Initial Hybrid Concern Level; LC =Initial Hybrid Concern Level corrected by Consumption Ratio;
TR = Toxicological Adjustment Rule Applicable; and P = Final Priority Level after Toxicological
Rule Adjustment.

These listings or printouts can be merged, sorted by CAS or FEMA numbers, by
priority level, or produced alphabetically. Table 4 illustrates the Codex List B - IOFI
Subset as produced on April 30, 1990 by priority level for the initial assignment, and
as adjusted for consumption ratio and toxicological data (rule). A similar tabluation
can be produced for the U.S. approved flavors.

The tabulation illustrates that the system assigns relatively few substances to the
highest priority levels, while the largest number of substances are assigned to lower
levels.

The method can distinguish a relatively small proportion of substances that may
be considered to be of high presumptive concern in a large inventory of flavors.

The ad hoc committee working with the Codex organization has expanded its
scope cooperatively with the Council of Europe and other interested national and
