Chapter 2 Criteriaused in
establisning guideline values

Rdevant information on the pollutants was carefully condgdered during the process of
edablishing guiddine vaues. Idedly, guiddine vaues should represent concentrations of
chemicd compounds in ar that would not pose any hazard to the human population. Redidtic
assessment of human hedlth hazards, however, necesstates a distinction between absolute
safety and acceptable risk. To produce a guiddine with a high probability of offering absolute
safety, one would need a detailed knowledge of dose—+response rdaionships in individuds in
relation to al sources of exposure, the types of toxic effect dicited by specific pollutants or
their mixtures, the exisence or nonexistence of “thresholds’ for specified toxic effects, the
dggnificance of interactions, and the variation in sengtivity and exposure levels within the
human populaion. Such comprehensve and conclusve data on environmenta contaminants
ae generdly unavalable Very often the rdevant data are scarce and the quantitative
relationships uncertain. Scientific judgement and consensus therefore play an important role
in establishing guidance that can be used to indicate acceptable levels of population exposure.
Vaue judgements are needed and the use of subjective terms such as “adverse effects’ and
“aufficient evidence’ is unavoidable.

Although it may be accepted that a certan risk can be tolerated, the risks to individuas
within a population may not be equaly digributed: there may be subpopulations that are at
consderably increased risk. Therefore, groups a specid risk in the generd population must
be taken specificdly into account in the risk management process. Even if knowledge about
groups with specific sengtivity is available, unknown factors may exist that change the risk
in an unpredictable manner. During the preparation of this second edition of the guidelines,
atention has been paid to defining specific sengtive subgroupsin the population.

Information common to carcinogens and noncarcinogens

Sources, levels and routes of exposure

Avalable data are provided on the current levels of human exposure to pollutants from al
sources, incuding the ar. Specid attention is given to amaospheric concentrations in urban
and unpolluted rurd areas and in the indoor environment. Where agppropriate, concentrations
in the workplace are aso indicated for comparison with environmental levels. To provide
information on the contribution from ar in relaion to dl other sources, data on uptake by
inhaation, ingestion from water and food, and derma contact are given where relevant. For
most chemicals, however, data on total human exposure are incompl ete.

Toxicokinetics

Avallable data on toxicokinetics (absorption, distribution, metabolism and excretion) of ar
pollutants in humans and experimenta animas are provided for comparison between test
gpecies and humans and for interspecies and intraspecies extrgpolation, especialy to assess
the magnitude of body burden from long-term, low-level exposures and to characterize better
the mode of toxic action. Data concerning the distribution of a compound in the body are
important in determining the molecular or tissue dose to target organs. It has been appreciated
tha high-to-low-dose and interspecies extrgpolations ae more eedly caried out using
equivaent tissue doses. Metabolites are mentioned, particularly if they are known or believed
to exert a grester toxic potential than the parent compound. Additionad data of interest in
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determining the fate of a compound in a living organism include the rate of excretion and the
biologicd hdf-life. These toxicokinetic parameters should be compared between test species
and humans for derivation of interspecies factors where thisis possible.

Terminology

The following terms and definitions are taken largely from Environmenta Hedlth Criteria
No. 170, 1994 (1).

Adverse effect Change in morphology, physology, growth, development or life span of an
organism which results in imparment of functiona capacity or imparment of capecity to
compensate for additiond dress or increase in susceptibility to the harmful effects of other
environmenta influences.

Benchmark dose (BMD) The lower confidence limit of the dose caculated to be associated
with a given incidence (eg. 5% or 10% incidence) of effect estimated from al toxicity data
on that effect within that sudy (2).

Critical effect(s) The adverse effect(s) judged to be most appropriate for the health risk
evauation.

L owest-obser ved-adverse-effect level (LOAEL) Lowest concentration or amount of a
substance, found by experiment or observation, which causes an adverse dteration of
morphology, functiona capacity, growth, development or life span of the target organism
diginguishable from normd (control) organisms of the same species and dran under the
same defined conditions of exposure.

No-observed-adver se-effect level (NOAEL) Greatet concentration or amount of a
substance, found by experiment or observation, which causes no detectable adverse dteration
of morphology, functiond capacity, growth, development or life span of the target organism
under defined conditions of exposure. Alterations of morphology, functiond capacity,
growth, development or life span of the target may be detected which are judged not to be
adverse.

Toxicodynamics The process of interaction of chemical substances with target Stes and the
subsequent reactions leading to adverse effects.

Toxicokinetics The process of the uptake of potentidly toxic substances by the body, the
biotransformation they undergo, the didribution of the substances and their metabolites in the
tissues, and the dimination of the substances and ther metabolites from the body. Both the
amounts and the concentrations of the substances and their metabolites are studied. The term
has essentidly the same meaning as pharmacokinetics, but the latter term should be redtricted
to the study of pharmaceutical substances.

Uncertainty factor (UF) A product of severd dngle factors by which the NOAEL or
LOAEL of the critical effect is divided to derive a tolerable intake. These factors account for
adequacy of the pivota dudy, interspecies extrgpolation, inter-individud varigbility in
humans, adequacy of the overdl database, and nature of toxicity. The choice of UF should be
based on the available scientific evidence.
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Criteria for endpoints other than carcinogenicity

Criteria for selection of NOAEL/LOAEL

For those compounds reportedly without direct carcinogenic effects, determination of the
highest concentration at which no adverse effects are observed, or the lowest concentration at
which adverse effects are observed in humans, animas or plants is the firg dep in the
derivation of the guiddine vaue. This requires a thorough evaudion of avalable data on
toxicity. The decison as to whether the LOAEL or the NOAEL should be used as a darting
point for deriving a guiddine vadue is manly a matter of avalability of data If a series of
data fixes both the LOAEL and the NOAEL, then either might be used. The gap between the
lowest-observed-effect levd and the no-observed-effect levd is among the factors included in
judgements concerning the appropriate uncertainty factor. Nevertheless, one needs to
condder that in dudies in experimenta animals, the value of the NOAEL (or LOAEL) is an
observed vaue that is dependent on the protocol and design of the study from which it was
derived. There are severd factors that influence the magnitude of the value observed, such as
the species, sex, age, dran and developmenta Satus of the animas studied; the group sze
the sengtivity of the methods applied; and the sdection of dose levels. Dose leves ae
frequently widdy spaced, so that the observed NOAEL can be in some cases considerably
less than the true no-adverse-effect level, and the observed LOAEL considerably higher than
the true lowest- adverse-effect leve (1).

A dngle, free-ganding no-observed-effect level that is not defined in reference to a lowest-
observed-effect level or a LOAEL is not helpful. It is important to underdand that, to be
useful in setting guiddines, the NOAEL must be the highest level of exposure a& which no
adverse effects are detected. It is difficult to be sure that this has been identified unless the
levd of exposure a which adverse effects begin to appear has aso been defined. Opinions on
this subject differ, but the working consensus was that the level of exposure of concern in
terms of human hedth is more easly rdated to the LOAEL, and this levd was therefore used
whenever possble. In the case of irritant and sensory effects on humans, it is desrable where
possble to determine the no-observed-effect level. These effects are discussed in more detall
below.

On the bass of the evidence concerning adverse effects, judgements about the uncertainty
factors needed to minimize hedth risks were made. Averaging times were included in the
goecification of the guiddines as the duration of exposure is often criticd in determining
toxicity. Criteriagpplied to each of these key factors are described below.

Criteria for selection of adverse effect

Definition of a didinction between adverse and nonadverse effects poses considerable
difficulties. Any observable biologicad change might be conddered an adverse effect under
cetan crcumstances. An adverse effect has been defined as “any effect resulting in
functiond impairment and/or pathologica lesons that may affect the peformance of the
whole organism or which contributes to a reduced ability to respond to an additiond
chdlengg’ (3). Even with such a definition, a dgnificant degree of subjectivity and
uncertainty remains. Ambient levels of mgor ar pollutants frequently cause subtle effects
that are typicaly detected only by sendtive methods. This makes it exceedingly difficult, if
not impossible, to achieve a broad consensus as to which effects are adverse. To resolve this
difficulty, it was agreed that the evidence should be ranked in three categories.
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1. Thefirst category comprises observations, even of potentia hedlth concern, that are
gangle findings not verified by other groups. Because of the lack of verification by other
investigators, such data could not readily be used as a basis for deriving aguiddine vaue.
They do, however, indicate the need for further research and may be considered in
deriving an gppropriate uncertainty factor based on the severity of the observed effects.

2. The second category is alowest-observed- effect leve (or no-observed- effect level)
that is supported by other scientific information. When the results are in adirection that
might result in pathologica changes, there is ahigher degree of hedlth concern. Scientific
judgement based on dl available hedth information is used to determine how effectsin
this category can be used in determining the pollutant leve that should be avoided so that
excessve risk can be prevented.

3. Thethird category comprises levels of exposure a which there is clear evidence for
subgtantid pathologica changes; these findings have had amgor influence on the
derivation of the guiddlines.

Benchmark approach

The benchmark dose (BMD) is the lower confidence limit of the dose that produces a given
increase (e.g. 5% or 10%) in the level of an effect to which an uncertainty factor can be gplied
to develop a tolerable intake. It has a number of advantages over the NOAEL/LOAEL approach
(2). Firg, the BMD is derived on the basis of the entire dose-response curve for the critical,
adverse effect rather than that from a single dose group as in the case of the NOAEL/LOAEL.
Second, it can be cdculated from data sets in which a NOAEL was not determined, diminating
the need for an additional uncertainty factor to be applied to the LOAEL. Third, definition of the
BMD as a lower confidence limit accounts for the statistical power and quality of the data; that
is, the confidence intervals around the dose—response curve for sudies with smal numbers of
animas or of poor qudity and thus lower gatistical power would be wide, reflecting the greater
uncertainty of the database. On the other hand, better studies would result in narrow confidence
limits, and thusin higher BMDs.

Although there is no consensus on the incidence of effect to be used as bass for the BMD, it is
generdly agreed that the BMD should be comparable with a level of effect typicaly associated
with the NOAEL or LOAEL. Allen et d. (4, 5) have etimated that a BMD cdculated from the
lower confidence limit at 5% is, on average, comparable to the NOAEL, whereas choosng a
BMD at 10% is more representative of a LOAEL (6). Choosing a BMD that is comparable to
the NOAEL has two advantages. (@) it is within the experimentd dose-range, diminating the
need to interpolate the dose—response curve to low levels, and () it judtifies the gpplication of
gmilar uncertainty factors as are currently applied to the NOAEL for interspecies and
intraspecies variation. It should be noted, however, that the main disadvantage of the benchmark
goproach is that it is not agpplicable for discrete toxicity data, such as histopathologica or
teratogenicity data.

Criteria for selection of uncertainty factors

In previous evauations by WHO, uncertainty factors (sometimes cdled safety factors) have
been applied to derive guideines from evidence that conforms b accepted criteria for adverse
effects on hedth (7-9). Traditiondly, the uncertainty (safety) factor has been used to dlow
for uncertanties in extrgpolation from animds to humans and from a smdl group of
individuds to a large population, incuding possbly undetected effects on particularly
sengtive members of the population. In addition, uncertainty factors aso account for possble
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gynergidic effects of multiple exposures, the seriousness of the observed effects and the
adequacy of exiging data (1). It is important to understand that the gpplication of such factors
does not indicate that it is known that humans are more sendtive than anima species b,
rather, that the sengtivity of humans rdative to that of other species is usudly unknown. It is
possible that humans are less sengtive than animads to some chemicals.

In this second edition of the air qudity guiddines, the terms “safety factor” and “protection
factor” have been replaced by the term “uncertainty factor”. It is fdt that this better explains
the derivation and implications of such factors. Of course, such a factor is desgned to
provide an adequate level of protection and an adequate margin of safety, because these
factors are applied in the derivation of guidelines for the potection of human hedth. They are
not gpplied in the derivation of ecologicd guiddines because these dready include a kind of
uncertainty factor with regard to the variety of species covered.

A wide range of uncertainty factors are used in this second edition, based on scientific
judgements concerning the interplay of various effects. The decison process for developing
uncertainty factors has been complex, involving the trandormation of manly non
quantitative information into a sngle number expressng the judgement of a group of
scientigs.

Some of the factors taken into account in deciding the margin of protection can be grouped
under the heading of scientific uncertainty. Uncertainty occurs because of limitaions in the
extent or qudity of the database. One can confidently set a lower margin of protection (that
is, use a smdler uncertainty factor) when a large number of high-qudity, mutualy supportive
scientific experiments in different laboratories using different approaches clearly demondrate
the dose—response, including a lowest-observed-effect levd and a no-observed-effect leve. In
redity, difficulties inherent in studying ar pollutants, and the falure to perform much-needed
and very specific research, meansthat often alarge uncertainty factor has to be applied.

Where an uncertainty factor was adopted in the derivation of ar quaity guidelines, the
reasoning behind the choice of this factor is given in the scientific background informetion.
As previoudy mentioned, exceeding a guiddine vaue with an incorporated uncertainty factor
does not necessarily mean that adverse effects will result. Nevertheess, the risk to public
hedth will increase, particularly in dtudions where the most sendtive population group is
exposed to severd pollutants Smultaneoudy.

Individuds and groups within a population show marked differences in sengtivity to given
pollutants. Individuds with pre-exiging lung diseese, for instance, may be a higher risk from
exposure to ar pollutants than hedthy people. Differences in response can be due to factors
other than pre-exiding hedth, including age, sex, level of exercise taken and other unknown
factors. Thus, the population must be consdered heterogeneous in respect of response to air
pollutants. This perhaps wide didribution of sengtivity combined with a didtribution of
exposure makes the establishment of population-based thresholds of effect very difficult. This
problem is taken up in the section on particulate metter. Exiding information tends not to
dlow adequate assessment of the proportion of the population that is likey to show an
enhanced response. Neverthdess, an estimate of even a few percent of the tota population
entails alarge number of people at increased risk.

Deriving a guiddine from dudies of effects on laboratory animds in the absence of human
sudies generdly requires the application of an increased uncertainty factor, because humans
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may be more susceptible than laboratory anima species. Negative data from human studies
will tend to reduce the magnitude of this uncertainty factor. Also of importance are the naure
and revershility of the reported effect. Deriving a guiddine from data that show that a given
level of exposure produces only dight dterations in physiologica parameters requires a
gmaler uncertainty factor than when data showing a clearly adverse effect are used. Scientific
judgement about uncertainty factors should aso teke into account the biochemical toxicology
of polutants, incuding the types of metabolite formed, the variability in metabolism or
response in humans suggesting the exisence of hypersusceptible groups, and the likdihood
that the compound or its metabolites will accumulate in the body.

It is obvious, therefore, that diverse factors must be taken into account in proposing amargin
of protection. The uncertainty factor cannot be assigned by a smple mathematica formula; it
requires experience, wisdom and judgement.

Feasibility of adopting a standard approach

In preparing this second edition of the guiddines, the feashility of developing a standard
methodology for setting guiddines was discussed. It was agreed that Environmenta Hedth
Criteria No. 170 (1) was a vduable source of information. On the other hand, it was
recognized thet large variation in the data avalable for different compounds made the use of
a dandard gpproach impossble. Much of the difficulty concerns the adequacy of the
database, and this has played a large part in controlling the methods of assessment adopted.
Thisisilludrated in Table 1.

It will be seen that when the database is strong (that is, when a good ded is known about
the human toxicology of the compound) it is suggested that expert judgement can be used to
st a guiddine. In such circumgances the level of uncertainty is low. If, on the other hand,
the database is weak, then a larger level of uncertainty will exist and there is much to be sad
for udng a Sandardized gpproach, probably involving the agpplication of a subsantid
uncertainty factor. The dangers of replacing expert judgement and the application of common
sense with advanced, complex and sometimes not intuitively obvious datisicd methods for
deriving guidelines was discussed. It was agreed that a cautious gpproach should be adopted.

Table 1. Size and completeness of database in relation to assessment method

Examples Completenessy  Uncertainties Feaghility of Need for
sze of database expert judgement  standardized
approach

Nitrogen dioxide, +++ + 4+ +
ozone, lead
Manganese, ++ ++ ++ ++
nickel
Volatile organic + +++ + +44
compounds
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Criteria for selection of averaging times

The development of toxicity is a complex function of the interaction between concentration
of a pollutant and duration of exposure. A chemica may cause acute, damaging effects after
pesk exposure for a short period and irreversble or incepacitating effects after prolonged
exposure to lower concentrations. Our knowledge is usudly insufficient to define accurately
the relationship between effects on the one hand and concentration and time on the other.
Expert judgement must be gpplied, therefore, based on the weight of the evidence available
(10).

Genedly, when short-term exposures lead to adverse effects, short-term averaging times are
recommended. The use of a long-term average under such conditions would be mideading,
snce the typica pattern of repeated peak exposures is lost during the averaging process and
the risk manager would have difficulties in deciding on effective drategies. In other cases,
knowledge of the exposure—response rdationship may be sufficient to dlow recommendation
of a long averaging period. This is frequently the case for chemicas that accumulate in the
body and thereby produce adverse effects. In such cases, the integral of concentration over a
long period can have more impact than the pattern of peak exposure.

It should be noted that the specified averaging times are based on effects on hedth.
Therefore, if the guidelines are used as a basis for kegulation, the regulator needs to sdect the
most gppropriately and practically defined standards in relation to the guiddines, without
necessarily adopting the guiddines directly. It was gppreciated that monitoring techniques for
some pollutants would not dlow reporting of data in terms of the averaging times
recommended in the guiddines. Under such circumstances, a compromise between the
averaging time specified in the guiddines and that obtainable in practice has to be reached in
setting an air qudity standard.

A gmilar dtuation occurs for effects on vegetation. Plants are generally damaged by short-
term exposures to high concentration as well as by long-term exposures to low concentration.
Therefore, both short- and long-term guiddines to protect plants are proposed.

Criteria for consideration of sensory effects

Some of the substances sdlected for evauation have maodorous properties a concentrations
far below those at which toxic effects occur. Although odour annoyance cannot be regarded
as an adverse hedth effect in a drict sense, it does affect the qudity of life. Therefore, odour
threshold levels have been indicated where reevant and used as a bads for separate guideline
values.

For practica purposes, the following characteristics and respective levels were consdered in
the evauation of sensory effects:

* intengty, where the detection threshold level is defined asthe lower limit of the
perceived intendty range (by convention the lowest concentration that can be detected in
50% of the casesin which it is present);

e qudity, where the recognition threshold level is defined as the lowest concentration

at which the sensory effect, such as odour, can be recognized correctly in 50% of the
cases, and
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»  acceptability and annoyance, where the nuisance threshold level is defined as the
concentration a which not more than asmal proportion of the population (less than 5%)
experiences annoyance for asmdl part of the time (less than 29); since annoyance will
be influenced by a number of psychologica and socioeconomic factors, a nuisance
threshold level cannot be defined on the basis of concentration aone.

During revison of the guiddines, the problems of irritation (for example, of the skin)
and headache were also consdered as possible problems of annoyance. It was agreed
that headache should be regarded as a hedth endpoint and not merely as a matter of
annoyance.

Criteria for carcinogenic endpoint

Cancer risk assessment is badcdly a two-sep procedure, involving a quditaive assessment
of how likdly it is that an agent is a human carcinogen, and a quantitative assessment of the
cancer risk that islikely to occur at given levels and duration of exposure (11).

Qualitative assessment of carcinogenicity

The decision to consder a substance as a carcinogen is based on the quditative evauation of
dl avaldble information on carcinogenicity, ensuring that the associdion is unlikedy to be
due to chance done. Here the classfication criteria of the International Agency for Research
on Cancer (IARC) have been agpplied (Box 1). In deding with carcinogens, a “generd rule’
and exceptions from this were defined. The “generd rule’ dates that for compounds in IARC
Groups 1 and 2A (proven human carcinogens, and carcinogens with at least limited evidence
of human carcinogenicity), guiddine vaues are derived with the use of quantitative risk
asessment with low-dose risk extrgpolation. For compounds in Groups 2B (inadequate
evidence in humans but suffident evidence in animds), 3 (uncdasdfidble as to
carcinogenicity in humans) and 4 (noncarcinogenic), guiddine vaues are derived with the
use of a threshold (uncertainty factor) method. For compounds in Group 2B, this may
incorporate a separate factor for the possibility of a carcinogenic effect in humans.

In case of sufficient scientific evidence, one may be judified in deviating from the “generd
rule’. First, a compound classfied in Group 1 or 2A may be assessed with the use of the
uncertainty factor methodology, provided that there is strong evidence thet it is not genotoxic
as judged from a battery of short-term test systems for gene mutation, DNA damage, etc. In
such cases it can be established with certainty that an increase in exposure to the compound
is associated with an increase in cancer incidence only above a certain level of exposure. It
was consdered that this required a level of understanding of the mechanisms of action not
presently available for the compounds classified as Group 1 or 2A on the current list. Second,
a compound in Group 2B may be assessed with the use of quantitative risk assessment
methods instead of the uncertainty factor approach. This may be consdered appropriate
where the mechanism of cacinogeness in animds is likdy to be a nonthreshold
phenomenon as indicated, for example, by the genotoxic activity of the compound in
different short-term test systems.

Quantitative assessment of carcinogenic potency

The am of quantitative risk assessment is to use information avalable from very specific
gudy gtuations to predict the risk to the genera population posed by exposure to ambient
levds of cacinogens. In generd, therefore, quantitative risk assessment includes the
extrgpolation of risk from reaively high dose levels (characterigic of anima experiments or
occupational exposures), where cancer responses can be measured, to relatively low dose
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Box 1. Classification criteria of the International Agency for Resear ch on Cancer

Group 1-the agent (mixture) is carcinogenic to humans.

The exposure circunmstance entail s exposur es that are carcinogenic to humans.

This category is used when there issufficient evidence of carcinogenicity in humans. Exceptionally, an
agent (mixture) may be placed in this category when evidencein humansis less than sufficient but there
is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans
that the agent (mixture) acts through a relevant mechanism of carcinogenicity.

Group 2

This category includes agents, mixtures and exposure circumstances for which, at one extreme, the
degree of evidence of carcinogenicity in humansis almost sufficient, aswell asthose for which, at the
other extreme, there are no human data but for which there is evidence of carcinogenicity in experimental
animals. Agents, mixtures and exposure circumstances are assigned to either group 2A (probably
carcinogenic to humans) or group 2B (possibly carcinogenic to humans) on the basis of epidemiological
and experimental evidence of carcinogenicity and other relevant data.

Group 2A —the agent (mixture) is probably carcinogenic to humans.

The exposure circumstance entails exposures that are probably carcinogenic to humans.

This category is used when there islimited evidence of carcinogenicity in humans and sufficient evidence
of carcinogenicity in experimental animals. In some cases, an agent (mixture) may be classified in this
category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence of
carcinogenicity in experimental animals and strong evidence that the carcinogenesisis mediated by a
mechanism that also operates in humans. Exceptionally, an agent, mixture or exposure circumstance may
be classified in this category solely on the basis of limited evidence of carcinogenicity in humans.

Group 2B —the agent (mixture) is possibly carcinogenic to humans.

The exposure circumstance entails exposures that are possibly carcinogenic to humans.

This category is used for agents, mixtures and exposure circumstances for which thereislimited evidence of
carcinogenicity in humans and | ess than sufficient evidence of carcinogenicity in experimental animals. It may
also be used when there isinadequate evidence of carcinogenicity in humans but there issufficient evidence of
carcinogenicity in experimental animals. In some instances, an agent, mixture or exposure circumstance for
which there isinadequate evidence of carcinogenicity in humans but limited evidence of carcinogenicity in
experimental animals together with supporting evidence from other relevant data may be placed in this group.

Group 3— The agent (mixture or exposure circumstance) is not classifiable asto its carcinogenicity to
humans.

This category is used most commonly for agents, mixtures and exposure circumstances for which the
evidence of carcinogenicity isinadequate in humans and inadequate or limited in experimental animals.
Exceptionally, agents (mixtures) for which the evidence of carcinogenicity isinadequate in humans but
sufficient in experimental animals may be placed in this category when thereis strong evidence that the
mechanism of carcinogenicity in experimental animals does not operate in humans. Agents, mixtures and
exposure circumstances that do not fall into any other group are also placed in this category.

Group 4— The agent (mixture) is probably not carcinogenic to humans.

This category is used for agents or mixtures for which there isevidence suggesting lack of
carcinogenicity in humans and in experimental animals. In some instances, agents or mixtures for which
there isinadequate

evidence of carcinogenicity in humans but evidence suggesting lack of carcinogenicity in experimental
animals, consistently and strongly supported by a broad range of other relevant data, may be classified in
this group.

Source: IARC (12).

levels, which are of concern in environmental protection and where such risks are too smal
to be measured directly, either by anima studies or by epidemiological studies.

The choice of the extrapolation modd depends on the current understanding of the
mechanisms of carcinogenesis (13), and no single mathematica procedure can be regarded as
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fully appropricte for low-dose extrapolation. Methods based on a linear, non-threshold
assumption have been used a the naiond and internationd levd more frequently than
models that assume a safe or virtualy safe threshold.

In these guidelines, the risk associated with lifetime exposure to a certain concentration of a
carcinogen in the air has been edtimated by linear extrgpolation and the @rcinogenic potency
expressed as the incrementa unit risk esimate. The incrementd unit risk estimate for an ar
pollutant is defined as “the additiond lifetime cancer risk occurring in a hypothetica
population in which al individuds ae exposed continuoudy from birth throughout their
lifetimes to a concentration of 1 pg/nt of the agent in the air they breathe” (14).

The results of cadculations expressed in unit risk estimates provide the opportunity to
compare the carcinogenic potency of different compounds and can help to set priorities in
pollution control, taking into account current levels of exposure. By using unit risk esimates,
any reference to the “acceptability” of risk is avoided. The decison on the acceptability of a
risk should be made by naiond authorities within the framework of risk management. To
support authorities in the decisonrmaking process, the guiddine sections for carcinogenic
pollutants provide the concentrations in air associated with an excess cancer risk of 1 in a
population of 10 000, 1 in 100 000 or 1 in 1 000 00O, respectively, caculated from the unit
rsk.

For those substances for which appropriate human studies are available, the method known
as the “average rdative risk model” has been used, and is therefore described in more detal
below.

Severd methods have been used to estimate the incremental risks based on data from anima
dudies. Two generd approaches have been proposed. A drictly linearized estimate has
generdly been used by the US Environmenta Protection Agency (EPA) (14). Nonlinear
relations have been proposed for use when the data derived from anima studies indicate a
nonlinear dose—+esponse reationship or when there is evidence tha the capacity to
metabolize the polluting chemica to a carcinogenic form is of limited capacity.

Quantitative assessment of carcinogenicity based on human data

Quantitative assessment usng the average rdative risk modd comprises four <eps
(a) sdection of gudies, (b) standardized description of study results in terms of reldive risk,
exposure level and duration of exposure; (c) extrapolation towards zero dose;, and (d)
gpplication to agenerd (hypothetica) population.

Fird, a reiable human study must be identified, where the exposure of the study population
can be edimated with acceptable confidence and the excess cancer incidence is daidticaly
ggnificant. If severd dudies exis, the best representative study should be sdected or severd
risk estimates eval uated.

Once a dudy is identified, the relative risk as a measure of response is cdculated. It is
important to note that the 95% confidence limits around the centrd estimate of the relative
risk can be wide and should be specificdly stated and evauated. The rdative risk is then
used to caculate the excess lifetime cancer risk expressed as unit risk (UR) associated with a
lifetime exposure to 1 pg/n™, asfollows:
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UR=Py(RR- 1)
X

where: Py = background lifetimerisk; thisis taken from age/cause-
specific death or incidence rates found in nationd vitd daidtics tables
using the life table methodology, or it is avalable from a matched
control population

RR = rdativerisk, being the ratio between the observed (O) and
expected (E) number of cancer casesin the exposed population; the
relaive risk is sometimes expressed as the sandardized mortdity ratio
SMR=(O/E) " 100

X = lifetime average exposure (Sandardized lifetime exposure for the
study population on alifetime continuous exposure basis); in the case of
occupationd studies, X represents a converson from the occupationa 8-
hour, 240-day exposure over a specific number of working years and can
be calculated as X = 8-hour TWA ~ 8/24° 240/365 " (average exposure
duration [in years])/(life expectancy [70 years]), where TWA isthe time-
weighted average (ug/nt).

It should be noted that the unit lifetime risk depends on Ry (background lifetime risk), which
is determined from national age-specific cancer incidence or mortality rates. Since these rates
are dso determined by exposures other than the one of interest and may vary from country to
country, it follows that the UR may dso vary from one country to another.

Necessary assumptions for average relative risk method

Before any attempt is made to assess the risk in the generd population, numerous
assumptions are needed a each phase of the risk assessment process to fill in various gaps in
the underlying scientific database. As a firs step in any given risk assessment, therefore, an
attempt should be made to identify the mgor assumptions that have to be made, indicating
their probable consequences. These assumptions are as follows.

1. Theresponse (measured asrelative risk) is some function of cumulative
dose or exposure.

2. Thereisno threshold dose for carcinogens.

Many stages in the basic mechanism of carcinogenesis are not yet known or are
only partly understood. Taking available scientific findings into congderation,
however, severd scientific bodies (8, 15-17) have concluded that thereis no
scientific basis for assuming athreshold or no-effect leve for chemica
carcinogens. Thisview is based on the fact that most agents that cause cancer
aso causeirreversible damage to deoxyribonucleic acid (DNA). The
assumption applies for al non-threshold models.

3. Thelinear extrapolation of the dose-response curve towards zero gives an

upper-bound conservative estimate of the true risk function if the unknown
(true) dose—+esponse curve has a sigmoidal shape.
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The stientific judtification for the use of alinear non-threshold extrapolation
modd stems from severd sources. the smilarity between carcinogenesis and
mutageness as processes that both have DNA as target molecules; the strong
evidence of the linearity of dose—response relationships for mutagenesis, the
evidence for the linearity of the DNA binding of chemica carcinogensin the
liver and skin; the evidence for the linearity in the dose-response relaionship in
the initiation stage of the mouse 2- tage tumorigenesis model; and the rough
congstency withthe linearity of the dose-response rlationships for severa
epidemiologica studies. This assumption appliesfor al linear models

4. Thereisconstancy of the relative risk in the specific study situation.
In adtrict sense, constancy of the relative risk means that the background
age/cause- pecific rate at any timeisincreased by a constant factor. The
advantage of the average relative risk method is that this needs to be true only
for the average.

Advantages of the method

The average reative risk method was sdected in preference to many other more
sophigticated extrapolation models because it has severd advantages, the main one being that
it seems to be gppropriate for a farly large class of different carcinogens, as wdl as for
different humen studies. This is possble because averaging doses, that is, averaging done
over concentration and duration of exposure, gives a reasonable measure of exposure when
dose rates are not congtant in time. This may be illusrated by the fact tha the use of more
sophisticated models (14, 18, 19) results in risk estimates very Smilar to those obtained by
the average relative risk method.

Another advantage of the method is that the carcinogenic potency can be caculated when
edimates of the average level and duration of exposure are the only known parameters
besdes the rdative risk. Furthermore, the method has the advantage of being smple to apply,
dlowing non-experts in the fidd of risk modes to caculate a lifetime risk from exposure to
the carcinogens.

Limitations of the method

As pointed out earlier, the average reative risk method is based on severd assumptions that
aopear to be vaid in a wide variety of dtuations. There are specific dtuations, however, in
which the method cannot be recommended, mainly because the assumptions do not hold true.

The cumulative dose concept, for ingtance, is ingppropriate when the mechanism of the
carcinogen suggedts that it cannot produce cancer throughout al sages of the cancer
development process. Also, specific toxicokinetic properties, such as a higher excretion rate
of a cacinogen a higher doses or a reatively lower production rate of carcinogenic
metabolites a lower doses, may diminish the usefulness of the method in estimating cancer
risk. Furthermore, suprdinearity of the dose—response curve or irregular variaions in the
relative risk over time that cahnot be diminated would reduce the vaue of the modd.
Nevertheless, evidence concerning these limitations ether does not exit or is 4ill too
priminary to make the average relative risk method inappropriate for carcinogens evauated
here.

A factor of uncertainty, rather than of methodologica limitation, is that data on past exposure
ae nearly dways incomplete. Although it is generdly assumed that in the mgority of sudies
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the higtoricd dose rate can be determined within an order of magnitude, there are possibly
gregter uncertainties, even of more than two orders of magnitude, in some sudies. In the risk
assessment process it is of crucid importance that this degree of uncertainty be clearly stated.
This is often done smply by citing upper and lower limits of risk edimates. Duration of
exposure and the age- and time-dependence of cancer caused by a particular substance are
less uncertan parareters, dthough the mechanisms of rdationship ae not so wel
understood (11).

Risk estimates from animal cancer bioassays

Anima bioassays of chemicds provide important information on the human risk of cancer
from exposure to chemicals. These data enhance our confidence in assessng human cancer
risks on the basis of epidemiologica data.

There is little doubt of the importance of anima bioassay data in reaching an informed
decison on the carcinogenic potentid of a chemica. The collection and use of data such as
those on saturation mechanisms, absorption, distribution and metabolic pathways, as well as
on interaction with other chemicds, is important and should be continued. Regrettably, these
data were not dways avalable for the ar pollutants evauated during the update and revison
of the guidelines. The process of evauating guideines and the impact of exposure to these
chemicds on human hedth should continue and be revised as new information becomes
available.

Severd chemicas conddered in this publication have been sudied usng animd cancer
bioassays. The process is continuing and new information on the potentid carcinogenicity of
chemicals is rapidy agppearing. Consequently, the satus of chemicas is condantly being
reassessed.

There is no clear consensus on agppropriate methodology for the risk assessment of chemicas
for which the critica effect may not have a threshold, such as genotoxic carcinogens and
gem cdl mutagens. A number of approaches based largely on characterization of dose—
response have been adopted for assessment of such effects:

*  qQuantitative extrgpolation by mathematica moddling of the dose-
response curve to estimate the risk at likely human intakes or exposures (low-
dose risk extrapolation);

» reativeranking of potenciesin the experimenta range; and

e divison of effect levels by an uncertainty factor.

Low-dose risk extrapolation has been accomplished by the use of mathematicad models such
as the Armitage-Dall multi-stage modd. In more recently developed biologicd modes, the
different stages in the process of carcinogeness have been incorporated and time to tumour
has been taken into account (20). In some cases, such as that of butadiene, uncertainty
regarding the metabolism in humans and expeimentd animas precluded the choice of the
gopropriate animad mode for low-dose risk extrgpolation. In other cases where data
permitted, attempts were made to incorporate the dose delivered to the target tissue into the
dose—response andyss (physiologicaly based pharmacokinetic modelling).

During revison of the guiddines, other approaches to edablishing guiddine levels for

carcinogens were consdered. Such gpproaches involve the identification of a leved of
exposure a which the risk is known to be smdl and the application of uncertainty factors to
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derive a levd of exposure a which the risk is accepted as being exceedingly smal or
negligible. This gpproach has been adopted in the United Kingdom, for example It was
agreed that such an gpproach might be gpplicable on a nationd or smdler scae, but that it
was unlikely to be generdly applicable.

Interpretation of risk estimates

The risk edtimates presented in this book should not be regarded as being equivdent to the
true cancer risk. It should be noted that crude expresson of risk in terms of excess incidence
or numbers of cancers per unit of the population at doses or concentrations much less than
those on which the edtimates are based may be ingppropriate, owing to the uncertainties of
quantitative extrgpolation over severd orders of magnitude. Estimated risks are beieved to
represent only the plausble upper bounds, and may vay widdy depending on the
assumptions on which they are based.

The presented quantitative risk estimates can provide policy-makers with rough estimates of
rik that may serve wel as a bads for setting priorities, baancing risks and benefits, and
edablishing the degree of urgency of public hedth problems among subpopulations
inadvertently exposed to carcinogens. A risk management gpproach for compounds for which
the criticd effect is congdered not to have a threshold involves diminating or reducing
exposure as far as practicdly or technologicdly possble. Characterization of the dose-
response, as indicated in the procedures described above, can be used in conjunction with this
approach to assess the need to reduce exposure.

Combined exposures

Exposure to combinations of ar pollutants is inevitable. Data dedling with the effects of co-
exposure to ar pollutants are, however, very limited and it is not possible to recommend
guiddines for such combinations. Of course, measures teken to control ar pollution
frequently lead to the reduction in concentrations of more than one pollutant. This is often
achieved by controlling sources of pollutants rether than by focusing on individua pollutants.

Ecological effects

The importance of taking an integrated view of both hedth and ecological effects in ar
quaity management was recognized from the beginning of the project. Ecologica effects
may have a dgnificant indirect influence on human hedth and wdlbeng. For example, most
of the mgor urban ar pollutants are known to have adverse effects at low levels on plants,
including food crops. A consultation group was therefore convened to consider the ecological
effects on teredtriad vegetaion of sulfur dioxide, nitrogen dioxide, and ozone and other
photochemicd oxidants. These substances ae important both because of the high
anthropogenic amounts produced and because of ther wide didribution. They deserve
goecid  dtention because of dgnificant adverse effects on  ecologicadl sysems in
concentrations far below those known to be harmful to humans.

The pollutants sdlected for condderation here form only pat of the vast range of ar
pollutants that have ecologicd effects. The project timetable permitted only an evauation of
adverse effects on terrestrid plant life, dthough effects on anima and aguatic ecosystems are
aso of grest concern in parts of Europe. Neverthdess, even this limited evauation clearly
indicates the importance attached to the ecologicd effects of such pollutants in the European
Region.
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