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Introduction

Food and drinking water are major sources of human exposure to a large number of chemicals
added intentionally for technological reasons or present unintentionally due to contamination.
On the other hand, there is a public demand for an essentially risk-free supply of food and
drinking water. The concern over the presence of chemicals in the human diet received further
emphasis through the development of toxicological and analytical methodology with increased
sensitivity over the years. In order to minimize the potential health hazards to the consumers,
standards have been established which indicate levels of consumption that are - according to
scientific evidence - considered safe and which, consequently, permit control measures to be
taken. In this context, public perception of a particular risk, may not always be in line with what
might be considered a "real" risk. Thus, while in the public opinion risk associated with
smoking or over-nutrition might be accepted or underestimated, certain food chemical related
risks may not be accepted and are sometimes perceived as alarmingly high.

Nature of chemicals present in food

Chemicals present in food can be broadly divided into two categories: those added intentionally
to food, i.e. food additives, and those present unintentionally, i.e. contaminants. In fact, the use
of direct food additives predates recorded history, when methods for preservation of food
abundantly available at harvest time were developed to ensure adequate food supply during
nonagriculturally productive period, or to preserve game collected at peak hunting periods.
Examples of early methods of food preservation include the use of salt and potassium nitrate
(saltpeter). The direct food additives used at present include: (I)processing aids, e.g. anticaking
agents, which are intended to aid in the processing of foods during production and after
purchase; 2) texturing agents, e.g. thickeners, which provide specific food items with a desirable
consistency and texture; 3 preservatives, e.g. antioxidants and antibacterials, which prevent
degradation of foods during processing and storage; (4)flavouring and appearance agents, e.g.
flavour enhancers, flavouring agents and surface-finishing agents, which either enhance existing
flavours or add a flavour to foods, and which are capable of improving their appearance; (5)
artificial sweeteners; 6) nutritional supplements, e.g. vitamins and trace minerals, which are
added to replace essential nutrients lost during processing or to supplement existing levels; and
(7food colours, both of natural and synthetic nature.

Substances that are not natural constituents of food and have not been added to food for a
technological reason are considered to be contaminants. They may become constituents of food
items during production, processing, packaging or storage. Major food contaminants include
residues of animal feed additives and veterinary drugs, mainly antibiotics and growth-promoting
agents, substances migrating from packaging material, natural toxins of microbial origin or
those that are produced by moulds, and environmental chemicals like pesticides (insecticides,
fungicides, herbicides, etc.), polychlorinated biphenyls, dibenzodioxins and dibenzofurans,
heavy metals and radioactive compounds.
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Nature of chemicals present in drinking water

Antimicrobial substances are the major agents added intentionally to drinking water with the
aim of improving its bacteriological quality. In this respect, chlorine is the most widely used
disinfectant because of its ready availability and cheapness, as well as the ease with which it can
be measured in water. When added to water, chlorine may react with reducing agents, e.g.
ferrous ions or hydrogen sulfite, to yield chloride ions, or with ammonia, amines and other
organic compounds, resulting in the formation of a variety of chlorinated compounds including
chlorinated hydrocarbons and a large variety of high-molecular weight chlorination products of,
e.g., humic acids. Besides, residual chlorine will usually be present in drinking water after
treatment, as it is generally added in excess to ensure its antimicrobial action. Another agent,
which is added intentionally to drinking water in some countries, is fluoride, because of its
known protective action against caries.

The presence of chemicals in drinking water is often a consequence of ground water
contamination. Major sources of such contamination include disposal of industrial wastes and
industrial impoundments, solid waste disposal sites and agricultural activity. Major
contaminants include organic compounds, like chlorinated ydrocarbons and pesticides, as well
as inorganic constituents, like heavy metals and anions (e.g. nitrate). Finally, drinking water may
contain some radioactive constituents.

Safety evaluation

Safety evaluation involves the phases of hazard identification, as well as risk estimation and
evaluation. The first stage is hazard identification, where hazard is an inherent property (or a
set of inherent properties) of a chemical substance or mixture enabling it to cause adverse effects
when a particular level of exposure is reached. A second stage is the estimation of risk, where risk
is the predicted or actual frequency of occurrence of an adverse effect from a given exposure.
In fact, the terms hazard and risk have been used incorrectly as synonyms. To put it in a simple
way, hazard is the potential to harm, while risk is the chance that harm will occur. The
determination of this probability of a harm to occur and the subsequent consequences forms the
basis of safety assessment. The aim of evaluating risk is to determine a level at which risk is
minimized to an acceptable level.

At an international level, WHO plays a leading role in establishing guideline values for the intake
of chemicals present in food and drinking water which, according to the scientific data available,
represent no health hazard to humans. In the case of food additives and contaminants, the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) and the Joint FAO/WHO Meeting of
Expert Bodies on Pesticide Residues (JMPR) carry out safety assessment leading to the
establishment of acceptable daily intakes of food additives or tolerable intake values (on a daily
or weekly basis) for food contaminants. Substances assessed by both committees undergo a
periodic review procedure to ensure that new scientific data are considered whenever available.
An Environmental Health Criteria document on "Principles for the Safety Assessment of Food
Additives and Contaminants in Food" has been published in 1987 On the level of the European
Community, periodic evaluations of food additives and contaminants are conducted through the
Scientific Committee on Food (SCF). In the case of drinking water, WHO has provided guideline
values for major constituents (both of microbiological and of chemical nature) of drinking water
in the "Guidelines for Drinking Water Quality" as a basis for countries to develop standards
which will ensure the safety of drinking water supplies.
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Toxicological Evaluation

Prior to toxicological evaluation, data on the chemical nature of the compound tested and on the
nature and levels of impurities, as well as on the stability and the breakdown products should be
known. These data are useful both for identification of the chemical to be used in the toxicological
studies to follow and for the determination of the types of toxicological studies to be performed.

Biological data usually collected include the following:
1) Biochemical studies, which describe aspects of absorption, distribution and elimination of the
chemical tested, and provide information on its biotransformation and on its effects on
biochemical parameters, e.g. enzyme activities;
2) Acute toxicity studies, which describe signs and quantitative aspects of toxicity following
acute exposure;
3) Short-term toxicity studies, which - in general - assess the toxic effects of the chemical
investigated following its administration for a period of up to three months;
4) Long-term toxicity studies, during which the exposure period covers the entire life span of the
test species or over 50% of it;
5) Special studies, dealing among others with pharmacological, neurotoxic, carcinogenic (if not
part of long-term toxicity studies), mutagenic and teratologic effects, as well as with observations
related to the reproductive function;
6) Observations in man, which usually include biochemical studies dealing with absorption,
distribution, metabolism and elimination of a chemical, as well as clinical studies of poisoning
cases and epidemiological studies.

Metabolic studies are usually thought to complement toxicological tests through facilitation of
extrapolation from animal data to man in two ways. One is - via determination of absorption
rates and sites of distribution (and, possibly, accumulation) and of routes and rates of excretion
- by defining the animal species in which exposure to fluxes of the chemical under investigation
and its metabolites most closely resembles exposure in man. In this respect it must be noted that
following long-term administration of a compound in the diet, a steady state will be reached;
thus, marked differences seen in different species following single dose administration might
change or even disappear. Another factor to be considered is that under certain experimental
conditions, the use of high doses in toxicity testing may lead to an overload of metabolic routes
and lead to effects unrepresentative of the situation expected at the actual levels of exposure.
The second way by which metabolic studies contribute to the overall assessment is via the
determination of the mechanism of toxicity. This is of special importance in the case of
compounds which exert carcinogenic effects in animals, as - depending on the mechanism of
carcinogenic action - different approaches towards risk evaluation should be used (see below).
If a compound exerts a toxic effect through displacement of endogenous substrates from carrier
proteins or receptor sites, or via covalent binding to a vital macromolecules, comparative
binding studies in different species (also in vitro) will be of great value for interspecies
extrapolation.

In the case of experimental toxicity studies, the major endpoints can be grouped into the
following categories:

- Functional manifestations (weight loss, laxative effects, etc.),
- non neoplastic lesions with morphological manifestations/organ-directed toxic effects,
- neoplastic/carcinogenic manifestations, and
- reproduction/developmental manifestations.
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For a number of potential adverse effects, adequate and quantifiable toxicological endpoints are
lacking. This is the case, for example, with neurotoxic and behavioural effects. Toxic effects on
the nervous system may be detected by means of pathomorphological and/or electrophysiological
techniques. The latter lack, however, the capability of providing information on the underlying
mechanism(s) responsible for a change of function that might be observed. Complementary
biochemical techniques are usually needed for this purpose. Another point to be mentioned is
the fact that mechanisms of toxicity towards sensory organs are poorly understood. There is
therefore a need for the development and validation of standard techniques for the investigation
of neurotoxic effects, and for incorporation of these techniques into standard toxicological test
procedures. Bebavioural toxicology is a young branch of toxicology and needs further
development and refinement in terms of both the methodology and the provision of basic
background data.

The same also applies, in principle, to the detection of effects on the immune system, both of
immunotoxic and of allergenic nature. Although a number of test procedures for the detection
of adverse effects on the immune system both in vivo and in vitro have been developed, further
improvements are needed to permit their incorporation into standard protocols for toxicity
testing. Besides, the choice of test animal species is problematic, as, on the one hand, there are
large species differences in responding to known immunomodulators, and, on the other hand,
little is known about the background of these differences. Besides, it is difficult to distinguish
between direct adverse effects on the immune system and secondary effects on it resulting from
general toxicity following exposure to a substance with a broad spectrum of toxic actions. With
allergenic effects, similar problems arise with respect to the choice of animal species, as the
commonly employed test species are often insensitive towards such effects. Also, a large number
of animals could be needed in order for an allergenic effect to become apparent. Finally,
difficulties may arise in the selection of immunological and physiological parameters to be
assessed.

In the case of reproductive toxicology, further research is needed for a better understanding of
the effects observed. The male reproductive system is vulnerable to toxic effects of compounds
that induce infertility by affecting the developing gamete directly or that act in one or more of
the physiological compartments that form the pituitary-testis hormonal axis. Our limited
understanding of basic processes such as spermatogenesis and sperm maturation, and the lack
of in vitro tests of sperm function are restrictive towards the development of adequate test
strategies. Similarly, there is a need for basic research to elucidate mechanisms of toxic actions
towards the female reproductive system. Another area of concern is that of developmental
toxicology. Besides the need for appropriate refinement of clinical observations and functional
tests with animals exposed pre- and/or perinatally to toxic chemicals, the establishment of an
adequate scientific basis for testing effects on behavioural development is ultimately required.

A special situation is encountered in long-term testing for chemical carcinogenicity. In fact, a
large number of chemicals proved to cause neoplastic lesions in animal species under the
existing test procedure of a long-term exposure to partly extreme doses. However, biological
responses to very high doses may be unrepresentative of the situation to be expected with the
actual levels of exposure. For example, at high doses the kinetics of a chemical compound may
be completely altered leading to an unusual distribution or to the saturation of metabolic
processes involved in the bioactivation and/or detoxification of chemicals and reactive
metabolites. Besides, some chemical agents may lead first to necrosis at high dose levels, and

carcinogenic" effects may be secondary to such an action. Therefore, data on the influence of
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dose levels both on the metabolism and on the toxic effects of a particular chemical in different
species should be generated. In addition, the potential mechanisms) of carcinogenic action of
the compound should be known to assess the relevance of an observed outcome on the one hand,
and to differentiate between genotoxic carcinogenic effects (having no threshold) and epigenetic
effects on the other hand. This is also of importance for the safety assessment procedure to be
employed, as will be discussed later. In this context, it should be mentioned that standard
procedures for the assessment of tumour-promoting effects needs to be developed and validated.

Exposure levels

The total intake of a chemical by human beings is defined as exposure. Assessment of exposure
is of great value, as a compound might be extremely hazardous but, at the same time, pose little
risk if the exposure to it is low. On the other hand, a compound that is less hazardous might
impose a higher risk of an adverse effect if it is consumed in large amounts.

With food additives, low levels of residues from extraction solvents used in extracting fats and
oils, in defatting processes and in decaffeinating coffee and tea may be present in food due to
incomplete removal. Besides, residues of enzymes and immobilizing agents for them may still be
detectable in a final food product. Food flavouring agents, both of natural and of artificial origin,
will generally be used in low amounts. By way of contrast, other food additives, e.g. xylitol,
sorbitol or modified starches, might be used in large amounts.

Human studies

Human data, especially those from controlled human exposure studies, are valuable in several
ways. They are useful in confirming safety levels as indicated by animal studies and in
facilitating their re-evaluation as more data become available. With several contaminants, as
well as with food additives during their pre-marketing stage, data relating to human exposure
can be obtained through health monitoring of workers coming into contact with these chemicals
in the laboratories or in the manufacturing plant, although the routes of exposure are different.

Epidemiological studies are usually less sensitive than well-designed animal studies, but this
relative insensitivity is somewhat ameliorated when the number of individuals studied becomes
very large. In general, such studies are conducted to confirm an adverse effect observed in
experimental animals. With food additives, only studies of this kind have been conducted.
Saccharin is a good example for the usefulness of epidemiological data. Both, retrospective
epidemiological studies and case-control studies revealed negative results with respect to human
bladder cancer, in contrast to animal data. In contrast, long-term low level exposure to nitrate,
being a ubiquitous contaminant, proved difficult to study epidemiologically due to the fact that
subpopulations with little or no exposure to it are hardly ever found.

A number of adverse reactions related to intolerance reactions towards certain ingredients
(mainly allergic reactions) cannot be detected by satisfactory animal models. One example of
such a reaction is the induction by the food colour tartrazine of urticaria and
bronchoconstriction in asthmatic patients. Another example is the "Chinese Restaurant
Syndrome" which is largely characterized by severe headache and which mainly affects certain
sensitive subpopulations; although the mechanism is unknown, it has been suggested to be
caused by the consumption of monosodium glutamate a flavour enhancing agent used
extensively in oriental cuisine. Recent studies, however, indicate that the Chinese Restaurant
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Syndrome is due to IgE-mediated type I food allergy caused by the consumption of shrimps,
peanuts or spices, in particular those of the parsley family (e.g. coriander). To be able to
demonstrate food intolerance reactions, human data of controlled epidemiological as well as
challenge-feeding studies are needed. Similar difficulties as with intolerance reactions arise with
a certain "perceived" human effects, including neurotropic and behavioural reactions. Again,
no adequate animal -models exist and results of controlled human studies are needed to evaluate
whether there is a scientific basis for a certain perceived effect or not.

In order to obtain more reliable human data on adverse effects of food additives and to enlarge
the database, the introduction of some mechanism of "post-marketing surveillance" might be
useful. In fact, adverse effects of pharmaceuticals and other chemicals are being recorded after
their introduction to the market. Reporting on adverse effects of food additives and
contaminants would allow the identification of possible toxic and/or intolerance reactions not
observed in animal studies and provide the possibility of conducting more adequate
retrospective epidemiological studies.

Safety assessment

The practice of safety assessment depends largely on the type of toxicological endpoint
observed. If a certain lesion is considered to have a threshold, which means that if exposure to
the chemical investigated is below a certain level, the adverse effect(s) observed at higher dose
levels will not occur, the concentration of the chemical yielding no adverse reaction is determined
and an acceptable level of intake is calculated for compounds added intentionally to food and
drinking water, or a tolerable level of intake is established for contaminants. This approach
assumes the ability to define a negligible or no-risk intake in humans. With some types of lesions,
mainly with genotoxic carcinogens, it is assumed that any level of exposure represents a certain
risk. In the case of a chemical showing such an effect, exposure sould be reduced to the lowest
practicable level, and other procedures of risk assessment are employed.

In general, safety assessment procedures have to deal with two types of uncertainties: one is
related to the extrapolation from the high levels of exposure showing adverse effects as employed
in animal studies to lower levels which reflect actual exposure. The second uncertainty is related
to the extrapolation from animal to man, as, obviously, "humans are not rats". This is true both
in a quantitative as well as in a qualitative sense. The same type of response may occur in animals
and in man, though at largely different doses in some instances. Some toxic reactions are limited
to a certain species. For example, some synthetic antioxidants lead to proliferative reactions in
rodent forestomach. As humans have no such organ, the significance of such a finding for human
exposure has to be carefully assessed. In defining safe levels of consumption, any type of
evaluation should relate calculated health risks arising from exposure to certain additives or
contaminants to those stemming from natural constituents of food and substances formed
during the cooking procedures.

The threshold approach

In general, the safety of chemicals added intentionally to food is evaluated by setting
4 4acceptable daily intakes" (ADIs). With contaminants, it is assumed that their presence in food
and drinking water is undesired. Therefore, tolerable intake levels are set based on daily or
weekly consumption for chemicals that do not accumulate or those that do, respectively. As a
result, "tolerate daily intakes" (TDIs) or "tolerable weekly intakes" (TWIs) are calculated. The
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term tolerable is used to stress permissibility rather than acceptability for the intake of
contaminants at levels which are unavoidable when other-wise wholesome and nutrious food
and/or drinking water are consumed. This approach has been followed by JECFA and JMPR as
well as by several national and international bodies, including the SCF. JECFA usually adds the
term "provisional" to tolerable intake levels of contaminants to exoress the tentative nature of
such evaluations in view of the paucity of reliable data on the consequences of human exposure
at levels of concern. With trace elements that are essential nutrients at low levels, but which pose
health risks at higher concentrations, a range is usually given, the lower value being the level of
essentiality and the higher being the maximum tolerable level.

The first step in safety assessment is the determination of the "no observed effect level" (NOEL).
Usually, toxicological studies involve multiple exposures of a certain test species to the chemical
investigated. The doses are ideally chosen in a way which ensures that at least one dose will
induce no overt toxicity. For the establishment of NOELs, the most sensitive species is
considered. Usually, the most serious adverse effects will be observed in long-term studies, but
this is not necessarily the case with every chemical. Some substances may exert toxic effects at
lower doses in special toxicity studies, e.g. those designed to detect adverse effects towards the
nervous or the reproductive system. Some observed effects in toxicological studies may not
necessarily be of adverse nature, e.g. changes in the composition of intestinal flora, laxative
effects or cecal enlargement. Reference is therefore often made to a "no observed adverse effect
level" (NOAEL). Effects which cannot be readily ascertained as being adverse or not, e.g. a
decrease in body weight gain, cause problems. JECFA considers an effect as being adverse
whenever there is doubt about its toxicological significance.

With chemicals present in food, the NOEL determined is then divided by a safety factor to yield
the amount of the chemical, expressed on a body weight basis (usually in mg per kg body weight),
which can be ingested daily over a lifetime without appreciable health risk, i.e. the ADI or the
TDI in the case of food additives or contaminants, respectively. In general, a safety factor of 100
(10 x 10) is used, to account - on the one hand - for differences in sensitivity between
laboratory animals and man, assuming that humans are 10 times more vulnerable to toxic effects
than the most sensitive animals species, and - on the other hand - for differences in response
to toxic insults by single individuals of a population. Larger safety factors may be applied, e.g.
when the database is inadequate or when irreversible developmental effects are observed. If
toxicity and dose-response relationships of a compound in humans is known, a lower safety factor
might be considered.

With food additives, JECFA allocates - apart from regular ADIs - temporaryADIs, mainly for
chemicals that are in use but for which the available data are not fully adequate. A date is
generally set by which the lacking data must be provided. Conditional ADIs are allocated to
chemicals to be used under specified conditions. Group ADIs are given to groups of chemicals
with similar chemical and toxicological properties. Besides numerical ADIs, and ADI may be not
specified, which means that on the basis of available data, the total daily intake of a certain
substance arising from its use at the levels necessary to achieve the desired technological effect
and from its acceptable background in food, does not represent a health hazard. Where available
data are inadequate, no ADI is allocated, whereas if the available data clearly indicate serious
toxicity a not to be used decision is made.

The same approach applies in principle to chemicals present in drinking water. Chemical
contaminants in drinking water are not usually associated with acute effects; this fact places
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them in a lower priority category than microbial contaminants. In setting guideline values for
chemicals in drinking water, these are related to an average level of exposure to account for the
long-term nature of any hazard associated with chemical constituents. Occasional small excesses
are acceptable subject to detailed local consideration of their implications. Guideline valuesare
based on scientific criteria defining dose-response relationships for substances, on analytical
data about the frequency of occurrence and the concentrations of substances commonly found
in drinking water, and on the potential application of suitable control techniques to remove or
reduce chemical contamination. The objective of developing guideline values is to define a
quality of water tan can be consumed by everyone throughout their lifetime with no health risk.
The levels defined indicate tolerable concentrations and must not be interpreted as defining
final targets for water quality.

In setting guideline values based on toxicity data, the safety factor approach for total intake of
the chemical is employed. A proportion of the ADI/TDI is then allocated to drinking water as
compared to other sources of intake, assuming an average consumption of water of 2 litres per
person per day and an average body weight of 70 kg. In the WHO Guidelines for Drinking Water
Quality, the percentage of the ADI/TDI allocated to drinking water was determined as an inverse
function of the capability of the chemical to accumulate in food chains. For chemicals such as
chlorinated pesticides, which accumulate readily, only I % of the TDI is aocated to drinking water,
while chemicals that show a lesser tendency to accumulate are allocated a greater proportion.

Despite the lack of a scientific justification for the safety factor generally employed from a
quantitative point of view, its use has been and is still being widely accepted. One of the major
criticisms has been that poor toxicological investigations are rewarded because they tend to lead
to a higher NOEL and, consequently, to a larger ADI. This assumption is incorrect. In fact, data
from studies with inadequate number of animals and/or with inappropriate measurements of
toxic effects usually result in no ADI or a smaller ADI due to the use of a larger safety factor.
Nevertheless, as more data (including human data) on interspecies and interindividual variations
in toxicokinetics and toxicodynamics become available, and with the further development of
mechanistic and in vitro studies, a scientific basis for the use of quantitatively adequate safety
factors will be established and other procedures of safety assessment based, e.g. on dose-response
effects in various species, will be validated.

Non-threshold effects

Safety assessment of chemicals showing non-threshold toxic effects, mainly genotoxic
carcinogens, is less straightforward. With such chemicals, it is assumed that some risks may be
associated with any level of exposure. In general, exposure to such chemicals should be reduced
to the lowest level practicable. In the special case of food additives found to be non-threshold
toxic agents, their use sould not be permitted. Safety assessment of chemicals the exposure to
which cannot be avoided relies in general on some kind of "residual risk" approach. With such
an approach, The quantitative dose-response relationship determined at igh doses is extended
to estimate the incidence of at lower levels. As a result, a "virtually safe dose" VSD) is estimated.
Several models exist which assume that there is a finite risk from any exposure, however small,
and that the risk is proportional to dose. They are generally designed to estimate the highest
possible upper limit of incremental (excess over background) risk from a lifetime exposure to a
particular daily amount of a chemical. Based on socioeconomical judgemental criteria, a risk of
I in 100,000 per lifetime is in general arbitrarily selected as "acceptable". If the no-threshold
assumption of such a model is invalid, the actual risk could also be "zero".
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The mathematical models employed for dose extrapolations include the one-hit model, which
assumes that cancer can result from a single "hit" such as irreversible damage or interaction
with a receptor, the multistep model, which pays credit to the fact that the development of cancer
is a process involving multiple stages, as well as a number of pharmacokinetic models, which
have been developed to account for kinetic and metabolic aspects such as the dose reaching the
target organ, thresholds and interspecies differences in responsiveness, to name but some. All
models have advantages and disadvantages, which cannot be discussed in detail in this context.

Application of frontline developments in toxicological research

Although, in general, thorough consideration of available "classical" data on a particular
chemical, including information on chemical and physical properties, toxicology, kinetics,
metabolism and mechanism of action, form the basis of safety evaluation, there are instances at
which additional studies which are based on frontline developments in reseach may be the key
feature of the safety evaluation process. Two examples should illustrate such situations:

a) Plasticizers are used in large amounts during the production of polymers. As they are not
covalently bound to the resin, they may diffuse from polymers used for food packaging into
foodstuffs. Di(2-thylhexyl)phthalate (DEHP) a widely used plasticizer, was shown to
induce liver tumours in mice and rats at high concentrations. DEHP was shown to be non-
genotoxic. Like other phthalate esters, DEHP was shown to induce the proliferation of hepatic
peroxisomes in rodents, and its ability to induce liver carcinoma proved to be associated with its
capacity to evoke peroxisomal proliferation. There is evidence from the analysis of liver biopsies
of dialysis patients receiving DEHP through blood packaged in PVC bags that peroxisonial
proliferation can also occur in man, though available data suggest that humans are less sensitive
to such an effect than rodents. Since there is likely to be a threshold for peroxisomal
proliferation, it may be concluded that there is also a threshold for carcinogenicity.
Consequently, tolerable daily intakes could be calculated based on the no-effect level for
peroxisomal proliferation (e.g. by the EEC Working Group on Packaging Materials in 1979).

b) Halogenated aromatic compounds, typified by the polychlorinated dibenzo-p-dioxins
(PCDDs), dibenzofurans (PCDFs) and biphenyls (PCBs), are industrial compounds and
byproducts which have been identified in environmental media including foodstuffs. They exert
a number of toxic effects including body weight loss, thymic atrophy, impairment of immune
response, hepatotoxicity and porphyria, dermal lesions (e.g. chloracne), tissue-specific hypo- and
hyperplastic responses, carcinogenesis, teratogenicity and reproductive toxicity, though large
differences in response exist between strains and species. These compounds are also potent
inducers of drug-metabolizing enzymes, particularly cytochromes P-450 IAI and P-450 IA2 with
their associated nionooxygenase activities (AHH, EROD). Scientific evidence emerged showing
that a number of toxic and biochemical responses to these compounds were related to their
interaction with a specific cytosolic receptor, the Ah-receptor. The identification of this receptor
provided a basis for the study of species and strain differences in response to PCDDs, PCI)Fs
and PCBs and for the screening of relative potencies of congeners within each class of
compounds, facilitating thereby the development of "toxic equivalency factors" (TEFs in
particular and safety assessment in general.

Emerging issues

Apart from the problems associated with the development of toxicological methodology to assess
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a number of adverse effects, with exposure assessment, with interspecies and interindividual
extrapolation, with the incorporation of toxicokinetic and toxicodynamic data into the safety
factor approach, and with the application of methods to assess the safety of chemicals showing
non-threshold toxic effects, several issues require attention in the process of chemical safety
assessment in food and drinking water. These include:

1) Availability of data. The number of chemicals wich occur in food and drinking water is very
large and the changes they undergo during processing is too diverse to allow a comprehensive
toxicological evaluation. In order to identify potential hazards and to prioritize testing, there is
a need for the development of valid toxicological testing methodologies which provide rapid
information. The appropriateness of in vitro methods for this purpose needs to be validated. The
same holds true for quantitative structure-activity relationships (QSAR).

2) Data on population sub-groups. In assessing human exposure, average consumption of food
items and drinking water is generally estimated. Problems emerge with foods which are eaten
rarely or are consumed by small numbers of people. Another problem is the fact that within a
population there are groups of individuals which are particularly vulnerable to some adverse
effects of chemicals, not to mention the obvious differences in responding to allergens. There is
therefore a need both for data on dietary habits of population sub-groups and for identification
of population groups at special risk for certain adverse effects. These include diabetics, women
during pregnancy, babies and small children and aged people, to name but a few.

3) Products of biotechnology. In the area of food, novel methods of biotechnology have been
introduced, on the one hand to produce novel foods which are natural products, e.g. single cell
protein, or to develop new strains of food plants or to modify the characteristics of animals used
in food production, and, on the other hand, to improve the production of certain food additives,
including amino acids, citric acid, vitamins, enzymes and polysaccharides by microorganisms
and plant cell cultures. In the context of this paper, only the latter products of biotechnology can
be shortly discussed. In dealing with these chemicals or chemical mixtures, a distinction must
be made between intrinsic properties of the chemical and those due to contaminants or residues
left by the manufacturing and purification process or to antigenic variation or reversion to the
wild type of a living organism. Precise definition of the product and its manufacturing process
and control of both the organisms used and the residual processing chemicals are necessary
information for toxicological evaluation. In general, the same toxicological procedures are
applicable in safety assessment of biotechnology products. In addition, special attention must be
paid to the possible emergence of antigenic activity and, consequently, to immunological
reactions, to exclude the possibility of enhanced pathogenicity or toxin production by genetically
modified organism cells, and to ensure the adequacy of DNA excluding and degrading stages in
the manufacturing process.

Conclusions

Safety evaluation of drinking water and food involves multiple steps including chemical
identification, metabolic studies, toxicity testing, exposure assessment and risk evaluation. As
our knowledge of mechanisms of toxic actions progresses, improvements need to be introduced
into the standard methodologies of toxicity testing and safety evaluation with the aim of guiding
policy in the field of consumer protection. In carrying out safety assessment procedures, it
should be borne in mind that while we may all agree that a "zero risk" environment is neither
attainable nor desirable, tere is a poor correlation between the risks considered to be important
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by "experts" and the risk concerns of the public. It is therefore necessary to communicate to the
consumers that there are different levels of risk, and that there is a need to set the safety of
chemicals present in drinking water and food into the context of other risks.
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