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ABBREVI ATl ONS

ADI acceptabl e daily intake

AUC area under the curve

EPI exposur e/ pot ency i ndex

LO(A) EL | owest - observed- (adverse) -effect | eve
NO( A) EL no- observed- (adverse)-effect |evel
SAR structure-activity relationship

Tl tol erabl e i ntake

UF uncertainty factor

SUMVARY

Qui dance val ues for exposure to chemicals in environnental nedia
shoul d be devel oped in I PCS Environnental Health Criteria (EHC
nonogr aphs and can be nodified by national and |ocal authorities in
their developnent of limts and standards for environnental media.

For any chemcal, the steps involved are:

1. Evaluate and summarize the information on toxicity in animls and
humans and exposure in humans which is nost relevant to derivation of
gui dance val ues. The nopst appropriate format for presentation of the
data rel evant to derivation of guidance values is a witten narrative
summari zing the critical data conpl emented by graphical presentation

2. Such data can be used to derive a Tolerable Intake (TI) for
various routes of exposure for effects considered to have a threshold.
This will involve application of uncertainty factors, generally to the
no- observed- adverse-effect |evel (NQAEL) for critical effects in the
nost relevant study. For non-threshold effects, the dose-response
relationship will be characterized to the extent possible.

3. Estimate the proportion of total intake that originates from
various nedia (e.g., indoor and anbient air, food and water), based on
exposure estimates for a consistent set of assumed vol unes of intake
(using the International Comm ssion on Radiol ogi cal Protection (ICRP)
reference man) and representative concentrations in the genera
environment, for a given situation. |In the absence of adequate data
on concentrations in various nmedia, mathematical nodels nay be used to
estimate the distribution through the various nedia.

4. Allocate a proportion of the Tl to various nedia of exposure
(based on the exposure estimate described in step 3 above) to
determ ne the intake or exposure in each nedi um

5. Devel op gui dance values fromintakes assigned to each nedi um
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taking into account (if necessary) body wei ght, volune of intake and
absorption efficiency (the relative absorption efficiency in
situations where the gui dance value is derived on the basis of a Tl by
anot her route of exposure). |In EHC nonographs, devel opnent of

gui dance val ues woul d be undertaken for a clearly defined exposure
scenario, based on the data for ICRP reference nman, and not
necessarily representative of national or |ocal exposure conditions.
Gui dance val ues would commonly be derived for a representative general
popul ation with representative exposure conditions. The gui dance

val ues shoul d be adapted at national and |l ocal |evels as appropriate
for local circunstances

6. The basis for the derivation of both the TI and t he gui dance
val ues shoul d be described clearly in EHC nonographs (see |evel of
detail in exanples in Appendix 1).

1. | NTRODUCTI ON
1.1 Scope and purpose

The objective of IPCS Environnental Health Criteria (EHO
nonographs is to provide eval uated i nformation, including guidance for
exposure limts, for the protection of human health and the
mai nt enance of environnmental integrity against the possible
del eterious effects of chem cal and/or physical agents. EHC
nonogr aphs contai n a conprehensi ve review and eval uati on of avail able
informati on on the biological effects of selected chenicals and
physi cal agents that can influence human health and the environnent.
The eval uation typically contains information on the relative
contribution of concentrations in various nedia to a total dose for
human or environnmental targets, data on dose-effect and dose-response
rel ati onshi ps and nunerical values, such as Tolerable Intake (TI) and
advi sory Quidance Value (GY) to enable regulatory authorities to set
their own exposure limts whenever necessary.

Though effects on environnental organisns are not addressed in
this report, a holistic approach is inplicit in the protection of
human health and environmental integrity. Such approaches have been
devel oped by sone national institutions for the protection of hunman
health (see, for exanple, Health and Wl fare Canada, 1992 and US EPA,
1993). A nore integrated approach ained at the protection of both man
and t he ecosystem has been devel oped in the Netherlands (USES, 1994)
and is incorporated in sone national |egislation (Canada, 1988).

Eval uation for human health protection in EHC nonographs entails
consi deration of the general and occupationally exposed popul ations
and suscepti bl e subgroups. The approach described herein rel ates
primarily to | ong-term exposure of the general population in the
anbi ent environnment (i.e. principally anbient air, food, water and,
occasionally, other nmedia). Sone degree of human variability is taken
into account in the uncertainty factors applied in the derivation of
the Tl (see section 4.5). Were a uniquely sensitive group forns a
significant proportion of the population then the TI would be

devel oped based on that group. In cases where the exposure profiles
of this subgroup and the general population are simlar, the guidance
val ues shoul d be based on the TI for the sensitive subgroup. |If the

exposure profiles differ, guidance val ues should be cal cul at ed
separately for the subgroup and general popul ati on based on their
respective Tls and exposure profiles, and the nore conservative val ues
adopted. ldiosyncratic hypersusceptibility (excessive reaction

foll owi ng exposure to a given dose of a substance conpared with the
large mapjority of those exposed to the sane dose) in a few individuals
woul d not be the basis for the derivation of the TI in EHC nonographs.
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Though the basi c net hodol ogy would be simlar, devel opnent of
gui dance values relating to intermttent, short-term(e.gqg.
acci dental) and occupati onal exposures are not addressed in detai

herein, since this would entail consideration of additional relevant
factors. (See, for exanple, discussion in section 3 concerning
devel opment of Tls for occupational exposure).

1.2 Cuidance val ue

The term gui dance value is considered appropriate for the type of
advi ce provided by the IPCS in its EHC and ot her docunents because it
does not carry connotations of formal standards and regulatory linmts.
In addition, its derivation is consistent with the process of health
ri sk assessment and risk characterization for risk managenent. In
this context guidance values are defined as:--

val ues, such as concentrations in air or water, which are
derived after appropriate allocation of the TI anobng the

di fferent possible nedia of exposure. Conbined exposures from
all nedia at the guidance values over a lifetinme would be
expected to be without appreciable health risk. The aimof a
gui dance value is to provide quantitative information fromrisk
assessnent for risk managers to enable themto nake deci sions
concerning the protection of human health.

1.3 Quality of data

Revi ew and eval uation of data for inclusion in EHC nonographs
necessarily involves a critical approach to the selection and quality
of data sources. Draft docunments are prepared by various
institutes/authors and assessed by various expert groups each with a
di fferent nmenbership. Consequently, there can be a | ack of
consistency in the selection of data sources and variation on the part
of different authors and assessors in the interpretation and
extrapol ati on of data. The formnulation of criteria for determ ning
the quality of data is a current |PCS activity and considered to be
critical to the derivation of sound gui dance val ues in EHCs.

Many toxicol ogi cal studies are directed mainly to hazard
identification. The avail able data nay not always contain sufficient
i nformati on on the dose-response relationship for risk assessnent and
for the derivation of Tls for guidance values. Reports and
publications in which no-observed-effect |evel (NOEL) or NOAEL val ues
are presented should include sufficient information on all possible
effects investigated and those observed or not observed to allow an
assessnent of the validity of the derived val ues.

1.4 darity and transparency of presentations

Data on the dose-response relationship for the critical effect
whi ch served as the basis for the derivation of the guidance val ues
(GVvs) should be characterized in EHC nonographs to the extent possible
(including graphical presentation, simlar to that illustrated in
Appendi x 3 for benchrmark doses). It is recognized that in nmany cases,

the data base will be insufficient for provision of such information
and that it may only be possible to devel op single guidance values in
individual nedia with little additional risk characterization
Simlarly, the basis for the uncertainty factors by which the NOAEL or
| owest - obser vabl e- adverse-effect | evel (LOAEL) have been divided to
obtain the Tl should be clearly specified. The conversion of the TI
into medi a-specific Gvs should be presented in sufficient detail to
all ow the values to be adapted to national or |ocal circunstances (see
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exanples in Appendix 1 for relevant |evel of detail).
2. GUI DANCE VALUES
2.1 GCeneral considerations

A consi stent nethodol ogy should be used in the derivation of
quantitative gui dance val ues for hunman exposures to chemica
subst ances present in food, drinking-water, air and other nedia by

ad hoc | PCS Task G oups (of varying menbership) review ng and

eval uating data and finalizing EHC nonographs on various chemicals.
Thi s approach enbodi es the concept that, to the extent possible,
gui dance val ues for the protection of human health should reflect
consi deration of total exposure to the substance whether present in
air, water, soil, food or other nedia. Quidance values should be
derived for a clearly defined exposure scenario, based on the data for
the I CRP reference nman (Appendi x 4), and therefore m ght not represent
national or local circunstances

2.1.1 Precision of a guidance val ue

The precision of the guidance val ues is dependent upon the
validity and reliability of the available data. Frequently, there are
sources of uncertainty in the derivation of Tls (see section 4.8) and
in their allocation as a basis for G/s, so that the resulting val ues
represent a best estinmate based on the available data at the tine. A
description of the derivation of guidance value should clearly
i ndi cate the nature and sources of uncertainty and the manner in which
they have been taken into account in the derivation. The nunerica
val ue of GVs should reflect the precision present in their derivation
usual |y Gvs should be given to only one
significant figure

2.2 Derivation of guidance val ues

Establishing Tls is central to the determ nati on of gui dance
values. A Tl is defined as:--

an estimate of the intake of a substance over a lifetine that is
considered to be wi thout appreciable health risk. It may have
different units depending upon the route of administration upon
which it is based and is generally expressed on a daily or weekly
basis. Though not strictly an "intake", Tls for inhalation are
general |y expressed as airborne concentrations (i.e. pg or ng per
nm). The Tl is sinilar in definition and intent to terms such

as reference dose (RfD) (Barnes & Dourson, 1988), reference
concentration (RFC) (Jarabek et al., 1990) and acceptable daily

i ntake (ADI).

Thi s nonograph addresses two areas that are critical in the
net hodol ogy for the derivation of guidance val ues for human exposures
to chem cal substances in the environnent:

* Devel opnent of a tolerable intake on the basis of interpretation
of the available data on toxicity. For practical purposes,
toxic effects are considered to be of two types, threshold and
non-t hreshol d. For substances where the critical effect is
considered to have a threshold (including non-genotoxic carcino-
genesis for which there is adequate nmechanistic data), a Tl is
devel oped usually on the basis of a NOAEL. Devel opment of gui dance
val ues in EHC nonographs for non-threshold effects (e.g.
genot oxi ¢ carci nogenesis and germcell nutations) is discussed in
section 3.1.1.
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* Al'l ocation of the proportions of the tolerable intake to various nedi
Dependi ng on avail able information, the devel opnent of gui dance
val ues for conpounds present in nore than one environnental medi um
will require the allocation of proportions of the Tl to various
media (for exanple, air, food and water). For the derivation of
gui dance val ues, the allocation will be based on infornmation on
relative exposure via different routes.

2.3 Interpretation and use of guidance val ues

Medi a exposure allocations of Tls for the derivation of guidance
val ues in EHC nonographs are based on relative exposure by different
routes for a given scenario. Though this is suggested as a practica
approach, the use of allocations based on exposure in different nedia
does not preclude the devel opnent of nore stringent limts. It is
al so inportant to recognize that the proportions of total intake from
various nedia may vary, based on circunstances. Site- or
cont ext -specific guidance val ues better suited to |local circunstances
and conditions could be devel oped from Tls presented in the EHC in
situations where rel evant data on exposure are avail able, and
particularly where there are other significant sources of exposure to
a chem cal substance (e.g., in the vicinity of a waste site).

Regul atory authorities may al so take other factors into account, such
as cost, ease and effectiveness of control, to develop risk nmanagenent
strategi es appropriate for |ocal circunstances, although the ultinmate
obj ective of control should be reduction of exposure fromall sources
to less than the Tls. |In addition, where data on organol eptic
threshol ds are included in EHC nonographs, these can al so be
considered by relevant authorities in the developnent of linits.

The basis for derivation of guidance val ues in EHC nonogr aphs
nmust be clearly specified in sufficient detail to enable, where
appropri ate, step-by-step devel opnent of exposure linits for nationa
or local conditions by appropriate regulatory or other authorities

(Appendi x 1).

2.4 Term nol ogy

Adverse effect: change in norphol ogy, physiology, growh,

devel opnment or |ife span of an organismwhich results in inpairnment of
functional capacity or inpairnent of capacity to conpensate for
additional stress or increase in susceptibility to the harnful effects
of other environnental influences. Decisions on whether or not any
effect is adverse require expert judgenent.

Critical effect(s): the adverse effect(s) judged to be nost
appropriate for determning the TI.

No- observed- adverse-effect |evel (NOAEL): greatest concentration or
anount of a substance, found by experinent or observation, which
causes no detectable adverse alteration of norphol ogy, functiona
capacity, growh, developnent or life span of the target organism
under defined conditions of exposure. Alterations of norphol ogy,
functional capacity, growth, devel opnent or life span of the target
may be detected which are judged not to be adverse.

No- observed-effect | evel (NCEL): greatest concentration or amount

of a substance, found by experinment or observation, that causes no

al terations of norphol ogy, functional capacity, growth, devel opment or
life span of target organi snms distinguishable fromthose observed in
normal (control) organisns of the sane species and strain under the
same defined conditions of exposure.

Lowest - observed- adverse-effect |level (LOAEL): |owest concentration
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or anount of a substance, found by experinment or observation, which
causes an adverse alteration of norphol ogy, functional capacity,
growt h, devel opment or life span of the target organi sm

di stingui shable fromnormal (control) organisns of the same species
and strain under the same defined conditions of exposure.

Benchmark dose: the | ower confidence limt of the dose cal cul ated
to be associated with a given incidence (e.g., 5 or 10% i nci dence) of
effect estimated fromall toxicity data on that effect within that
study (Crunp, 1984).

Uncertainty factor (UF): a product of several single factors by

whi ch the NOAEL or LOAEL of the critical effect is divided to derive a
TI. These factors account for adequacy of the pivotal study,

i nterspeci es extrapol ation, inter-individual variability in humans,
adequacy of the overall data base, and nature of toxicity. The term
uncertainty factor was considered to be a nore appropriate expression
than safety factor since it avoids the notion of absolute safety and
because the size of this factor is proportional to the magnitude of
uncertainty rather than safety. The choice of UF should be based on
the avail able scientific evidence.

Toxi codynami cs: the process of interaction of chemi cal substances
with target sites and the subsequent reactions |eading to adverse
ef fects.

Toxi coki netics: the process of the uptake of potentially toxic

subst ances by the body, the biotransfornation they undergo, the
distribution of the substances and their netabolites in the tissues,
and the elimnation of the substances and their netabolites fromthe
body. Both the anpbunts and the concentrati ons of the substances and
their netabolites are studied. The termhas essentially the sane
nmeani ng as pharnmacoki netics, but the latter termshould be restricted
to the study of pharmaceutical substances.

Tol erable intake (TI): an estimate of the intake of a substance
whi ch can occur over a lifetine w thout appreciable health risk. It
may have different units depending upon the route of adninistration
Though not strictly an "intake", Tls for inhalation are generally

expressed as airborne concentrations (i.e., pg or nmg per nr).

Default value: pragmatic, fixed or standard value used in the
absence of rel evant data.

Gui dance values (GVs): values, such as concentrations in air or

wat er, which are derived after appropriate allocation of the Tl anong
the different possible nmedia of exposure. Conbined exposures from al
medi a at the guidance values over a lifetinme would be expected to be
wi t hout appreciable health risk. The aim of the guidance value is to
provide quantitative information fromrisk assessnent for risk
nmanagers to enable themto nake decisions concerning the protection of
human heal t h.

3. APPLI CATION OF THE TOXI CI TY DATA BASE TO DETERM NE TOLERABLE
| NTAKES

3.1 Approaches to risk assessnent

A review of the data base on a chemical should be undertaken to
determine the critical effect(s), which can be considered to be of two
types: those considered to have a threshold and those for which there
is considered to be sone risk at any | evel (non-threshold: genotoxic
carci nogens and germcell mutagens). Data available for risk
assessnents include studies in humans and ani mals, structure-activity
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relationships (SAR) and in vitro investigations. R sk assessnents
shoul d be based on all available data at the tine of review, but it is
appreci ated that recognition of additional hazards or risk may energe
which will require subsequent re-evaluation. Werever possible,
appropri ate hunman data should be used as the basis for the risk
assessnent .

For threshold effects, where data in humans are used as the basis
for devel opnent of Tls, uncertainty factors should be applied to
observed effect levels to allow for the nmagnitude of any effect seen
in the exposed group and their sensitivity conpared with the genera
popul ation or target group. The incidence of effects detected in
humans in vivo will be the result of inter-individual differences in
bot h toxi cokinetic and toxi codynam c aspects. The extent of any
possi bl e human variability not present within the exposed popul ation
groups shoul d be considered in the devel opnment of uncertainty factors.

Information on the NOAEL (or LOAEL) by different routes is
sometines available. In cases where information exists on only one
route, e.g., inhalation, the bioequival ence for exposure from other
routes should be estimated if suitable information and nodel s are
avai l able. The aimof the risk assessnent is to estinmate an overal
tolerable intake derived fromdata on toxicity using appropriate
routes of adm nistration. Quidance values can then be devel oped
through allocation of the TI to the various nmedia of human exposure,
based on considerations of rel evant exposure profiles.

3.1.1 Non-threshold effects

There is no clear consensus on appropriate nethodol ogy for the
ri sk assessment of chemicals for which the critical effect may not
have a threshol d, such as genotoxic carcinogens and germ cel
nmut agens. A nunber of approaches based |largely on characterization of
dose response have been adopted for assessnment of such effects.
However, these approaches are not anenable to the devel opnent of
gui dance val ues in EHC nonographs because they require socio-politica
judgements of acceptable health risk. Those preparing EHC and ot her
docunments for the | PCS shoul d eval uate the rel evant avail abl e data and
characterize the dose-response relationship for such effects to the
extent possi ble, based on one or nore nethods as considered
appropri ate (some approaches are described below). This should enable
the devel opnent of guidance values or linits by appropriate

authorities on the basis of information on such effects included in
EHC nmonogr aphs.

Appr oaches have incl uded:

* quantitative extrapol ati on by nathenmatical nodelling of the
dose-response curve to estimate the risk at |ikely human intakes
or exposures (|l ow dose risk extrapol ation)

* relative ranking of potencies in the experinental range
* division of effect |evels by an uncertainty factor

Low dose risk extrapol ati on has been acconplished by the use of
mat hemati cal nmodel s such as the Arnmitage-Doll nulti-stage nodel. In
nore recently devel oped biol ogical nodels, the different stages in the
process of carcinogenesis have been incorporated and tine to tunour
has been taken into account (Mool gavkar et al., 1988). |n sone cases
where data pernmit, the dose delivered to the target tissue has been
incorporated into the dose-response anal ysis (physiologically based
phar macoki netic or PBPK nodelling). It should be noted that crude
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expression of risk in terns of excess incidence or nunbers of cancers
per unit of the population at doses or concentrations nuch | ess than
those on which the estimates are based may be inappropriate, owing to
the uncertainties of quantitative extrapol ation over several orders of
magni tude. Estinmated risks are believed to represent only the

pl ausi bl e upper bounds and vary dependi ng upon t he assunpti ons on

whi ch they are based.

Conparison of human exposure to the carcinogenic potency in the
experinmental range can al so be used to indicate the nmagnitude of risk
as a basis of derivation of guidance values. One such nmeasure which
provides a practical way to prioritize substances on the basis of
their carcinogenic potency in a range close to the observed
dose-response i s the Exposure/ Potency Index (EPI) (Health and Welfare
Canada, 1992). The EPI is defined as the estimated daily human intake
or exposure divided by the intake or exposure associated with a 5%

i nci dence of tunours in experinental studies in animls or
epi dem ol ogi cal studies in human popul ati ons (Tunorigeni ¢ Doses;

TDs) (Fig. 1). A calculated EPl of 10°° represents a one nillion

fold difference between human exposure and the intake which is at the
| ower end of the dose-response curve. Werever possible, rel evant
toxi coki netic and mechani stic data are taken into account in the
devel opment of the EPIs.

An alternative approach is to divide the highest dose at which
there is no observed increase in tunour incidence in conparison wth
controls by a |arge conposite uncertainty factor (for exanple 5000;
Weil, 1972). The mmgnitude of the factor could be a function of the
wei ght of evidence (e.g., nunbers of species in which the tunours have
been observed or nature of the tunours). This approach is sonetines
used when data on dose-response are |imted.

A risk managenent approach which has been adopted for conpounds
for which the critical effect is considered not to have a threshold
i nvol ves elimnating or reduci ng exposure as far as is practicable or
to the Il owest | evel technologically possible. Characterization of the
dose-response as indicated in the procedures descri bed above can be
used in conjunction with this approach to assess the need to inprove
technol ogy to reduce exposure.

3.1.2 Threshold effects

For conpounds with critical effects for which there is a
threshold, a primary objective of a review of data is to consider
the conparability of experinental species and humans, and determ ne
t he hi ghest doses or exposures that can be adnministered experinentally
to animals or taken up by humans w thout producing the critical effect
(see Environnental Health Criteria 70: Principles for the Safety
Assessnent of Food Additives and Contaminants in Food, section 5.5.1)
(WHO, 1987). In studies in experimental aninmals, the value of the
NOQAEL i s an observed value that is dependent on the protocol and
design of the study fromwhich it was derived. There are severa
"study-dependent" factors that influence the nmagnitude of the val ue
observed, including:

* the species, sex, age, strain and devel opnental status of the
ani mal s studi ed

* the group size
* the sensitivity of the methods used to nmeasure the response
* the duration of exposure
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* the selection of dose levels, which are frequently w dely spaced,
so that the observed val ue of the NOAEL can be in sone cases
considerably less than the true no-adverse-effect |evel

3.1.2.1 Uncertainty factors

There is enornous variability in the extent and nature of
different data bases for risk assessnment. For exanple, in sone cases
the eval uation rmust be based on limted data in experinental animals;
in other cases detailed information on the mechani smof toxicity
and/ or toxicokinetics nay be available, while in sone cases the risk
eval uati on can be based on data on effects in exposed hunman
popul ati ons. Consequently, for the general popul ation, the range of
uncertainty factors applied in the derivation of Tls has been wi de
(1-10 000), although a value of 100 has been used nost often. For
exampl e, the historic use of a factor of 100 based on ani mal studies
in the absence of specific data to suggest a nore appropriate val ue
was first proposed by Lehman & Fitzhugh (1954) and later used in the
derivation of ADIs for food additives by WHO (WHO, 1987; Lu, 1988).
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Fig. 1. Dose-response curves for three hypothetical
compounds showing different potencies and dose-
effect relationships. The Tumorigenic Dose . (TO_ }
provides an estimate of the dose required to
produce a 5% incidence of tumours in the
experimental animals.

More recently, additional uncertainty factors have been incorporated
to account for, for exanple, deficiencies in the data base, such as
the absence of a NOAEL (US EPA, 1985a,b) or the absence of chronic
data (NAS, 1977).

If data fromwell-conducted studies in hunman popul ations are the
basis for the safety evaluation, a factor of 10 has been consi dered
appropriate, as a default value (WHO, 1987). Thus the value of 100
has been regarded as conprising two factors of 10 each to allow for
i nterspecies and inter-individual (intraspecies) variations. A schene
has been proposed which retains the two 10-fold factors as the
cornerstone for extrapolating fromaninals to man but which all ows
subdi vi sion of each to incorporate appropriate data on toxi codynam cs
or toxicokinetics where these exist (Renw ck, 1993a) (see Fig. 2).

Thi s approach inproves the extrapol ati on process, and where

appropriate data can be introduced, it has the effect of replacing
"uncertainty" factors with "correction" factors. Data on differences
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in dynam cs and ki netics between humans and comon | aboratory ani nal s,
such as rats, mce and dogs, indicated that there was greater
potential for differences in kinetics than in dynam cs so that an
equal split of the 10-fold factor was inappropriate. The usua
10-fold factor (log 1) should be split into default values of 2.5
(10%% for dynamics and 4 (10%°) for kinetics (Renwi ck, 1993a).

A simlar split was proposed for interindividual differences between
humans i n toxicokinetics (pharnacokinetics) and toxi codynanics (using
phar macoki neti c- pharmacodynani ¢ nodel ling). However, it was
considered that the variability for both aspects was simlar and it
was concl uded that the 10-fold factor should be split evenly between
both aspects, i.e. 3.2 (10%%) for kinetics and 3.2 (10%°%) for

dynanmi cs. The commonly applied 100-fold uncertainty factor should be
split as indicated in Fig. 2.

Preci se default values for kinetics and dynam cs cannot be
expected on the basis of subdivision of the inprecise 10-fold
composite factor. The val ues above are reasonabl e since they provide
a positive value > 2 for both aspects and are conpatible with the
speci es differences in physiological paraneters such as renal and
hepatic blood flow. Since the data base examined was limted, it is
proposed that the values for subdivision of inter-species and
inter-individual variation presented in Fig. 2 be adopted on an
interimbasis. Adoption of the approach should encourage the
devel opnment and generati on of appropriate data, which could then
contribute to any future revision of the default val ues, and further
i mprove the scientific basis of the use of uncertainty factors.

100 - FOLD UNCERTAIMTY FACTOR

T

IMTER - SPECIES IMTER - SPECIES
DIFFEREMCES DIFFEREMCES
10 - FOLD 10 - FOLD

TOMICD - TOMICD - TOMICD - TOMICD -

O MAMICS KIMETICS O MAMICS HlNEel'lgS
1004 100 B 1075 o
(2.5 (40 (3.2 (3.2)

Fig. 2. Subdivizion of the 100-fold uncertainty factor showing
the relationship between the use of uncertainty factors
{above the dashed line) and proposed subdivizions based on
toxicokinetics and toxicodynamics (based on Renwick, 1993a).
Actual data should be used to replace the default values if
available.

It was recogni sed that appropriate toxicokinetic and
toxi codynami c data are rarely available for the sane conpound and t hat
to incorporate data in one area only would require the nornal
conposite factor of 10 to be subdivided. For exanple, if the
mechani sm of action for the critical effects and differences in
sensitivity between the test species and man based on in vitro
studi es were known, then these data could contribute quantitatively to
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the risk assessnment by replacenment of the default factor for
interspecies differences in toxicodynam cs, or differences in
sensitivity (the value of 2.5 in Fig. 2) by the value indicated by the
actual data. However, there could still be differences in

t oxi coki netics between the test species and humans so that a portion
of the normal 10-fold factor would need to be retained (the value of 4
in Fig. 2).

3.1.2.2 Relevant toxicokinetic and toxi codynani c data

Toxi coki netics includes data on the rate and extent of absorption
(bioavailability), pattern of distribution, rate and pathway of any
bi oactivation, and rate, route and extent of elimnation. Factors
such as peak plasma concentration (Gugx), and area under the plasm
concentration-tinme curve (AUC) of the toxic entity are particularly
inmportant since they are usually indicative of the extent and duration
of exposure of the target organ (Renw ck, 1993a). Dosinetric
adj ustnents of administered ani mal dose to equival ent human dose are
al so possible (Jarabek et al., 1990). However it is inportant to
define which paraneter is relevant to the toxicity since sone are
dependent on the Cgux and not AUC (e.g., the teratogenicity of
val proic acid; Nau, 1986) while for |ong-term bi oassays, the AUC may
be of greater inportance. Appropriate toxicodynanic factors include
the identification of the toxic entity (i.e. parent conpound or a
netabolite), the nature of the nolecular target, the presence and
activity of protective and repair mechanisnms and the in vitro
sensitivity of the target tissue (see Renw ck, 1993a for details and
exanmpl es). These toxicokinetic and toxicodynanm c paraneters should be
conpared between the test species and humans for derivation of
interspecies factors where this is possible. Mbdification of the
10-fold factor for inter-individual variability in humans woul d
require data on toxicokinetics and toxicodynanmics in a wide and fully
representative sanple of the general or exposed popul ation, including
an assessnent of neonates if appropriate.

It is enphasised that in the absence of reliable infornmation on
t oxi coki netics and toxicodynam cs, the default values for these
factors beconme the commonly used conposite value of 100 (i.e., 10 for
inter-individual variability and 10 for interspecies variation).

3.1.2.3 Uncertainty factors for occupational exposure

The consideration of uncertainty factors given above rel ates
primarily to exposure of the general popul ation. However, the genera
principles for derivation of Tls for occupational exposure would be

sonmewhat simlar (see, for exanple, Zielhuis & van der Kreek, 1979a, b;
Hal | enbeck & Cunni ngham 1986) although they have not been widely
adopted for this purpose. However, although the conponents of the
uncertainty factor relating to the nature and severity of the toxic
ef fect, the adequacy of the data base and interspecies variability
woul d be sinmlar for the devel opnent of gui dance val ues for

occupati onal exposure, the nature of the popul ati on exposed differs.
The nore vul nerabl e nmenbers of the human population (i.e. the very
young, the sick and the elderly) do not formpart of the exposed
occupati onal popul ati on, whereas for the devel opnent of Tls for the
general popul ati on, these groups nust be considered. Furthernore,
wor kpl ace |l evel s and patterns of exposure can be controlled and the
exposed popul ati on protected or nonitored on an individual or group
basis. For these reasons, it is often appropriate to use
significantly |ower uncertainty factors when deriving health-based
l[imts for occupational exposure conpared with those used for the
devel opment of Tls for the general popul ation
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4. PROCEDURE FOR EXTRAPOLATI ON FROM A TOXI CI TY DATA BASE TO A
TOLERABLE | NTAKE

4.1 Overall procedure

The procedure, which is presented in Fig. 3, is designed to be
applicable to widely differing data bases on toxicity. The procedure
is also suitable for the incorporation of hunan data, under which
circunstances sone of the uncertainty factors will not be required.
The schene is presented as a series of steps, but it is inportant that
the full data base continue to be reviewed to ensure that the fina
decision is appropriate. A Tl for a reversible toxic effect in an
ani mal species, for which there is conplete toxicological data but
wi t hout appropriate toxicokinetic or toxicodynam c data, is based on
the commonly used and appropriate factor of 100. The schene
i ncorporates those aspects which would normally be considered in the
conversion of a NOAEL (or LOAEL or equivalent) froman ani mal study
into a Tl in such a way that appropriate nechanistic or toxicokinetic
data can contribute nunerically to the uncertainty factor and hence to
the TI.

The procedure suggested here and di scussed nore fully in Renw ck
(1993a) is based, in part, on discussions occurring over a nunber of
years regarding the basis of uncertainty factors (see, for exanple,
Ziel huis & van der Kreek, 1979a,b; Dourson & Stara, 1983; Lewi s et
al ., 1990; Rubery et al., 1990). To sonme extent, the principles
outlined here have been adopted in approaches of various nationa
agencies (e.g., Jarabek et al., 1990; Health and Wl fare Canada, 1992;
US EPA, 1993).

4.2 Selection of pivotal study and critical effect(s)

Determ nation of the NOAEL, LOAEL or equival ent (possible use of
benchmar k dose approach) is the first step in derivation of the TI.
This requires a thorough eval uation of available data on toxicity.
Sophi sticated detection nmethods may be of such sensitivity that
effects can be detected at | ower doses than by nornmal techniques; the
adversity of these effects requires very careful evaluation in the
determnation of the NOAEL. For some chemicals, a review of the data
base may reveal that two (or possibly nore) adverse effects occur at
| ow doses with NOAELs within one order of magnitude. Under such
circunstances and providing: a) that the data on which the NOAELs are
based are of sufficient quality to be used for risk evaluation; and b)
that the NOAELs mmy require different uncertainty factors based on,
for exanple, data on nechanisns or nature of toxicity (see bel ow,
then each effect should be considered in the followi ng schenme and the
one with the lower resulting Tl used for devel opnent of gui dance
val ues. Available LOAELs within the same order of magnitude as the
| owest reported NOAELs need al so to be considered in this exercise
since they could lead to the devel opnent of nore conservative TIs.
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Fig. 3. Procedures for the derivation of uncertainty factors

Graphi cal presentation of available data can facilitate
identification of effect |levels relevant to devel opnent of TIs.
Al t hough the form of graphical presentation is necessarily dependent
upon the size of the data base, a dose-duration graph in which NCELs,
NQAELs and LQAELs are presented as a function of duration of exposure
is considered to be helpful and is nore fully described in Appendix 2.

4.3 Adequacy of the pivotal study

In situations where a NOAEL has not been achi eved but the data
on effects are of sufficient quality to be the basis of the risk
assessnent, then a no-adverse-effect |evel should be devel oped by the
application of an appropriate uncertainty factor to the LOAEL.
Uncertainty factors of 3, 5 or 10 have been used previously to
extrapolate froma LOAEL to a NOAEL dependi ng on the nature of the
ef fect(s) and dose-response rel ationship (see, for exanple, US EPA,
1993). Alternatively, a benchrmark dose may be devel oped by
mat hemati cal nodelling of the dose-response data as an alternative to
the uncertainty factor in extrapolating to the NOAEL (see Appendix 3).
The pivotal study may al so be considered i nadequate for other reasons
(e.g., duration of study, nunbers of animals per group and sensitivity
of the analyses of effect), and an additional uncertainty factor
appl i ed.

4.4 Interspecies extrapolation

In situations where appropriate toxicokinetic and/or
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t oxi codynami ¢ data exist for a particular conmpound, then the rel evant
uncertainty factor in Fig. 3 should be replaced by the data-derived
factor. Data on PBPK and/or data on target organ exposure should be

i ncluded when they are avail able. Subdivision of the 10-fold
uncertainty factor has been used in the devel opnent of a reference
concentration for 1,2-epoxybutane (US EPA, 1993). Chenicals for which
the approach described here has been applied include saccharin

(Renwi ck, 1993b), erythrosine (Poul sen, 1993), butylated

hydr oxyani sol e (BHA) (Wirtzen, 1993) and di et hyl hexyl phthal ate (DEHP)
(Morgenroth, 1993).

If a data-derived factor is introduced then the comonly used
10-fold factor would be replaced by the product of that data-derived
factor and the remaining default factor. For sone classes of
compounds a data-derived factor for one nenber of the class may be
applicable to all menbers, thereby producing a group-based
dat a-derived factor (see Cal abrese, 1992). The interspecies
uncertainty factor is not necessary if the NOAEL or LQOAEL is based on
human dat a.

4.5 Inter-individual variability in humans

A factor of 10 is normally used to allow for differences in
sensitivity in vivo between the popul ation nean and highly sensitive
subjects. In cases where there are appropriate data on the
inter-individual variability in toxicokinetics or toxicodynanics for a
particul ar conmpound in humans, then the rel evant uncertainty factor
shoul d be replaced by the data-derived factor. Data on PBPK nay al so
be able to contribute to this assessnment. |f a data-derived factor is
i ntroduced, then the commonly used 10-fold factor would be repl aced by
the product of the data-derived factor and the renunining default
factor. (For additional discussion, see Cal abrese, 1985; Hattis et
al ., 1987).

For some compounds, it may be known that a subset of the
popul ati on woul d be particularly sensitive, for exanple due to
deficiencies in detoxication processes. Mny of the enzynes invol ved
in xenobiotic biotransformation are pol ynorphically distributed in the
human popul ation. Such pol ynor phi sm shoul d be taken into account
where the enzymatic differences result either in a marked change in
bi oavail ability or clearance of the parent conmpound or in a major
change in the extent of formation of the toxic entity. |In cases where
the default factor will not adequately cover this additiona
variability, then the default should be nodified appropriately.
Al ternatively, these groups may require special strategies for health
protection. |In cases where the risk assessnent is based on in vivo
data in the sensitive subgroup, then the conposite factor (10) should
be reduced to a much |l ower value. A value of 1 could be used if there
is an extensive data base in hunmans and the data base adequately
addresses any identified sensitive subgroups. For exanple, the US EPA
estimated an oral reference dose for fluoride based on the absence of
dental mottling in children 12 to 14 years of age. Since this group
was considered to be a sensitive subpopulation, a factor of 1 for
inter-individual variation was considered to be appropriate (US EPA,
1993).

4.6 O her considerations
4.6.1 Adequacy of the overall data base

Maj or deficiencies in a toxicity data base (other than those
related to the pivotal study) which increase the uncertainty of the

extrapol ati on process should be recogni zed by the use of an additiona
uncertainty factor. Since the quality and/or conpleteness of
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different data bases vary, the additional uncertainty factor will also
vary. For exanple, a value of 1 would be applied to a data base that
was consi dered conmplete for the evaluation of the conpound under

consi deration, but a factor of 1-100 m ght be necessary for limted
data bases. |If minor deficiencies in the data exist with respect to
quality, quantity or omission, then an extra factor of 3 or 5 would be
appropriate. An extra factor of 10 would be appropriate where nmaj or

deficiencies in the data exist with respect to quality, quantity or
om ssion, such as a lack of chronic toxicity studies and reproductive
toxicity studies (for additional discussion see Dourson et al., 1992).

It should be appreciated that when very large uncertainty factors
are incorporated, the derived Tl should be considered as an very
i npreci se tenporary estinmate pending the generation of a better data
base. It should be recogni zed that inadequacies of the pivotal study
(section 4.3) could also be considered as a subset of inadequacies of
the data base; the total factor for limtations of the pivotal study
pl us adequacy of the overall data base should not exceed 100 since
such a data base is generally not acceptable for devel opnent of a TI.

4.6.2 Nature of toxicity

The nature of toxicity, i.e. whether the effect is adverse or
not, is considered in the determ nation of NOAEL and LQAEL. For
exanpl e, a concentration or dose which induces a transient increase in
organ wei ght without acconpanyi ng bi ochem cal or hi stopathol ogi ca
effects might be considered to be a NOAEL. |f there are acconpanyi ng
adver se hi stopathol ogical effects in the target organ, the | owest
concentration or dose at which these effects occur would be consi dered
a LOAEL. The sensitivity of analyses of effects should also be taken
into account in establishing the NOAEL or LQOAEL (see discussion in
section 4.2).

In addition, a number of bodies, including the WHO and FAO Joi nt
Expert Committee on Food Additives (JECFA) and the Joint Meeting on
Pestici de Residues (JMPR) have incorporated an additional "safety
factor" of up to 10 (corresponding to an uncertainty factor in the
current discussion) in cases where the NOAEL is derived for a critica
effect which is a severe and irreversi bl e phenonenon, such as
teratogenicity or non-genotoxic carcinogenicity, especially if
associated with a shall ow dose-response relationship (Wil, 1972; WHO
1987, 1990). Provision for the application of additional safety
factors is included in the sequence shown in Fig. 3.

4.7 Final review of the total uncertainty factor

It is inportant that there is a final review of the total
uncertainty factor applied, particularly in cases where a | ow val ue
has been used, based on toxicokinetic or toxicodynanic data, to
repl ace one of the default values. Under such circunstances, a TI
derived on the basis of the appropriate overall uncertainty factor for
that toxic effect mght be greater than that which would be produced
by an alternative, well-defined toxic end-point observed at slightly
hi gher intakes or exposures. For this reason, there are arrows shown
in Fig. 3 leading back to the data base.

4.8 Precision of the tol erable intake

The Tl is calculated by dividing the NOAEL for the critica
effect by the derived total uncertainty factor. The precision of the
estimate depends in large part on the magnitude of the overal
uncertainty factor used in the calculation. The precision is probably
to one significant figure at best, and nore usually to one order of
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magni tude, and for uncertainty factors of 1000 or nore the precision
becones even | ess. Because of the inprecision of the default factors
and in order to maintain credibility of the risk assessment process,
the total default uncertainty factor should not exceed 10 000. |If the
ri sk assessnment leads to a higher factor then the resulting Tl would
be so inprecise as to lack nmeaning. Such a situation indicates an
urgent need for additional data.

4.9 Aternative approaches

Approaches bei ng devel oped to characterize quantitatively the
dose-response rel ationship for non-threshold effects (including the
benchmar k dose and categorical regression) are described in
Appendi x 3.

5. ALLOCATI ON OF TOLERABLE | NTAKES TO DERI VE GUI DANCE VALUES
5.1 Ceneral considerations

Allocations of the Tls to various nedia for the devel opnent of
gui dance val ues are based on relative proportion of total exposure
fromeach of the nedia. This necessitates the presentation of
consi stent and detail ed estimates of exposure for as many nedia as
possible in draft EHCs prior to review and eval uati on. \Werever
possi bl e, estimation of exposure should be based on concentrations in
envi ronmental nedia including (but not necessarily limted to) air,
food, drinking-water, soil and consuner products. Wth respect to
soi |, wherever possible, estimted exposure should take into account
both ingestion and dermal contact. Since the bioavailability of
contam nants in soil fromboth ingestion and dermal contact may be
l[imted, this should be taken into account in assessing the
contribution that soil makes to total intake fromall nedia.

It is recomended that unless there are other age groups which
are nore sensitive or have widely differing exposure profiles, intake
fromeach of the media (generally expressed as pg/ kg body wei ght per
day) should be estinmated for adults, based on |ICRP reference val ues
for body weights and ingestion volumes (I CRP, 1974; Appendix 4).

Wher ever possible, estimation of exposure should be based on ranges of
nmean concentrations in environnen-tal nedia on a global basis. Wiere
data are nore limted, ranges of individual values could be used.

Esti mates of exposure as a basis for derivation of guidance values are
presented in the exanples in Appendix 1

Wiere the data on concentrations of a substance in environnental
medi a are inconsistent or inadequate, exposure can be estimated based
on nmodel s which incorporate as nmuch data as possible on, for exanple,
production, use patterns and physical and chenical properties. Models
to predict distribution in environnental nedia and estinmation of
proportion of total exposure by various routes from consuner products
are avail abl e (Mackay, 1991; USES, 1994). For estinmation of
proportions of exposure fromvarious environnental nedia for
devel opnment of guidance values in EHCs, it is reconmended that the

| atest version of the Mackay level |11 nodel be used (Mackay et al.
1992). It is inportant that all assunptions concerning rel eases and
physi co-chem cal properties and limtations of the estinated
proportions be clearly specified. |In sonme cases, it may al so be

possible to estimate the contribution of each mediumto total exposure
on the basis sinmply of data on physical and chenical properties (e.g.
for substances which are likely to be present prinmarily in one

envi ronnment al nedi unj.

When avail abl e, toxicokinetic data should be used to the extent
possible in extrapolating across routes in the approaches to

Page 22 of 44



Guidance values for human exposure limits (EHC 170, 1994)

al | ocati on described bel ow. Dermal exposure and absorption should
al so be taken into account in the derivation of guidance val ues,

al t hough rel evant data are often not available. It is also recognized
that a source in one nedium (e.g., potable water) may lead to
additional intake fromother routes (e.g., dernmal and inhal ation) and
that, where possible, such intake should be considered in the
derivation of guidance val ues.

In addition, total allocations of |less than 100% of the Tl are
encouraged to account for, for exanple, those nedia for which exposure
has not been characterized and cross-route exposure. The nmagnitude of
the proportion of total intake which is not allocated should vary as a
function of the adequacy of characterization of total exposure from
all nedia.

In cases where the proportion of total exposure froma specific
nmediumis small (less than a few percent), allocation for derivation
of gui dance values is not reconmended since this would result in
direction of risk managenent strategies to nedia which are
i nconsequential in contributing to total exposure.

5.2 General approach

The steps subsequent to devel opment of a Tl in deriving guidance
val ues for a general population are as foll ows:

1. |If necessary, conversion of Tls for systemc effects for different
routes of exposure to a common unit for conparison based on

consi deration of volumes and rates of inhalation and ingestion and

rel evant toxicokinetic data, such as bioavailability, if avail able.

2. Alocation of TI to various routes and nedi a based on estimated
exposure devel oped on the basis of available data on neasured
concentrations or predicted proportions (i.e., nodel-derived val ues)
to which humans are exposed. Default values can be used in the
absence of data on measured concentrations or predicted proportions of
total exposure in various nedia.

3. Devel opnent of gui dance values fromintake assigned to each

medi um taking into account, for instance, body weight, vol une of

i ntake and (relative) absorption efficiency ( relative where gui dance
val ue is derived on the basis of a Tl by another route of exposure).
Gui dance val ues for drinking-water are generally expressed in ug/litre
or my/litre, those in food as pg/g or ng/kg, those in air as pg/nt

or mg/n?, and those for dernmal exposure as ug/nf surface area.

5.3 Detailed approach

In the follow ng section, an approach to the allocation of
tol erabl e i ntakes for devel opnent of gui dance val ues (genera
popul ation) is provided by way of exanple for nost of the scenarios
whi ch may ari se based on eval uations presented in EHCs.

The five nost |ikely scenarios are considered to be:
5.3.1 Biomarkers of exposure

There is a comon bionmarker related to the critical effect which
i ntegrates exposure fromall sources. For exanple, Choudhury et al
(1992) describe a nmodel which predicts blood | ead concentrations as a

function of concentrations in various nedi a.

* The contributions fromthe various nedia are detern ned based on
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a quantitative biomarker. Following allocation to various nedia
based on an exposure scenario, guidance val ues are devel oped
through incorporation of adjustment of body wei ght and vol unme of
i ntake for each medi um

5.3.2 Critical effects which are not route specific

Tls have been derived for each route, e.g., Tl for oral exposure
(Tl,) and TI for inhalation (TlI;), and are based either on the
same or on different critical effects which are not at the portal of
entry. The Tls for the two routes are sinlar within one order of
magni t ude since such variation is consistent with that inherent in
deriving Tls, as discussed in section 4, e.g., developnental toxicity
of 2-met hoxyet hanol (Doe et al., 1983; Wckranmaratne, 1986). This
reflects the assunption that, in the absence of data to the contrary,
exposure via each route is considered to contribute to a conbined dose
at the target site(s), i.e., additivity of dose at the target site(s).

* Al'l ocate one Tl to various nedia based on an exposure scenario to
determne the intake in each nmedi um on whi ch gui dance val ues
shoul d be based. Selection of the Tl, or the TI; for this
pur pose shoul d be based on either

a) if there is one nmajor route of exposure then the Tl for that
route should be used (if there is confidence in the data
base on which the exposure estinmates are based); or

b) the nore conservative Tl (if there is uncertainty about the
relative contribution of various routes or nedia to total
exposure).

5.3.3 Difference in magnitude of effect by route of exposure

Tlo and Tl; for simlar effects vary by 1 to 2 orders of
magni t ude (exact magnitude of the difference for which this approach
is appropriate will be dependent upon availability of additional data;
e.g., hanganese is nore potent by inhalation than by ingestion).

* Derive the guidance val ues i ndependently for each route (for
exanpl e, the oral and inhalation routes, based on the Tl, and
Tli, respectively), but allocate the proportion of the TI for
each route to the appropriate nedi umor nedia based on an
exposure scenari o.

5.3.4 Route-specific effect variation at portals of entry
(due to local bioactivation or |ocal effects)

Tl, and Tl; for route-specific effects at the site of entry
vary by 1 to 2 orders of mmgnitude (exact magnitude of the difference
for which this approach is appropriate will be dependent upon
know edge of additional data; e.g., nasal toxicity follow ng
i nhal ati on of acrylic acid).

* Derive the guidance val ues i ndependently for each route (for
exanple, the oral and inhalation routes, based on the Tl, and
Tl;, respectively), using the full TI for each route to the
appropriate nmedi um or nedia based on an exposure scenari o.
5.3.5 Linited data base

In this scenario, the data base is limted such that only either
a Tl, or a Tl; can be devel oped.

* Allocate the available Tl to various nedia based on an exposure
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scenario to deternine the intake in each nmedi um on whi ch gui dance
val ues shoul d be based, if the effects are qualitatively simlar,
if toxicokinetic data are consistent with this approach and if

there are no effects at the site of entry. |If any one of these
criteria is not nmet, do not derive guidance values for the
alternate route. If a Tl is available for a route of exposure

whi ch does not make an inportant contribution to total intake, do
not derive gui dance values for that route.

6. EXAMPLES OF THE DERI VATI ON OF GUI DANCE VALUES
Exampl e 1
The principal route of exposure is oral. Based on estimated
exposure for a scenario in the general environnent, 50% of total
i ntake cones from food, 20% fromwater and 30% fromair.
Data are adequate to establish both a Tl, and a Tl;. The
Tlo, and the Tl; are based on simlar effects and are sinilar
(within one order of nmagnitude).
Al l ocate 50% of Tl, to food to derive a guidance value for food

* multiply Tl, by 0.5

Al locate 20% of Tl, to water to derive a gui dance val ue for
dri nki ng- wat er

* multiply Tl, by 0.2

Allocate 30% of Tl, to air to derive a guidance value for air

* multiply Tl, by 0.3
Exampl e 2

Based on an exposure scenario, 70% of total intake comes from
air, 20%fromwater and 10% from food. The conpound is al so present
in some consuner products but quantification of exposure is not
possible. There are no data on concentrations in soil but due to its

physi cocheni cal properties, concentrations in this nediumare |ikely
to be | ow

Data are sufficient to establish a Tl; and a Tl,. The Tl,
and the Tl; are based on simlar effects and are simlar to within
an order of magnitude.

Convert Tl; so that the values for the Tls for different routes
are expressed in the sane units for conparison (generally ng/ kg body
wei ght per day). This requires incorporation of infornmation on
i nhal ati on vol unes, body wei ght and toxicokinetic data, if avail able.

Use TI for principal route of exposure to derive gui dance val ues:

Al locate 63% of Tl; to air to derive a guidance value for air.

* multiply Tl; by 0.63

Al locate 18% of Tl; to water to derive a gui dance val ue for
dri nki ng-wat er.

* multiply Tl; by 0.18
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Allocate 9% of TI; to food to derive a guidance value for food.

* multiply TI; by 0.09

Reserve 10% for exposure from consuner products and soil
(Wherever possible, there should be an attenpt to quantitatively

estimate the proportion of total intake fromthese sources).

Devel op a gui dance val ue for each nediumby (if necessary)
adj ustnent for body weight, volune of intake and relative absorption.

Exanpl e 3
The principal route of exposure is oral. Based on estinated
exposure, 50% of total intake cones from food, 20% fromwater, 20%
fromair and 10% from soil (after taking bioavailability into account
fromthe oral and dermal routes). The conpound is believed not to be
present in consuner products.

Data are adequate to establish both a Tl, and a Tl;. The
Tl, and the TlI; are based on the sane effects but the conpound is
much nore toxic by the oral route (e.g., Tl, is less than the TI
by nore than two orders of nagnitude).

All ocate 50% of Tl, to food to derive a guidance value for food
* multiply Tl, by 0.5

Al locate 20% of Tl, to water to derive a gui dance val ue for
dri nki ng- wat er

* multiply Tl, by 0.2

Al locate 10% of Tl, to soil to derive a guidance val ue for soi

* multiply Tl, by 0.1

Al'locate 20% of Tl; to air to derive a guidance value for air

* multiply Tl; by 0.2

Exampl e 4

The principal route of exposure is oral. Based on estimated
exposure, 50% of total intake cones from food, 20% fromwater and 30%
fromair. There are no data indicating exposure fromsoil and
consuner products.

Data are adequate to establish both a Tl, and a TI; for
route-specific effects. The Tl, and the Tl; are based on
route-specific effects and the conpound is nmuch nore toxic by the ora
route (e.g., Tlo is less than the TlI; by nore than two orders of
magni t ude) .

Because the effects are route specific and the Tls are different
by two orders of nmagnitude, each Tl can be allocated in full to

appropriate nedi a.

Al'l ocate 50/ 70 (71% of Tl, to food to derive a gui dance val ue
for food

* multiply Tl, by 0.71
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Al ocate 20/ 70 (29)% of Tl, to water to derive a gui dance val ue
for drinking-water

* multiply Tl, by 0.29
Al ocate 100% of TlI; to air to derive a guidance value for air
* multiply Tl; by 1
Exampl e 5
The principal route of exposure is inhalation.
Data are inadequate to establish a TI;.
Data are sufficient to establish a Tl,.

Avai |l abl e toxicokinetic data are inadequate for or inconsistent
wi th extrapol ati on across routes.

Do not establish gui dance val ues.
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APPENDI X 1
EXAMPLES - DEVELOPMENT OF GUI DANCE VALUES

The followi ng practical exanples are provided to illustrate the
manner in which tolerable intakes (Tls) may be devel oped and al |l ocat ed
for the derivation of guidance values for a general population (on the
basis of cal culated proportions of exposure fromvarious nedia). In
the cal cul ati on of guidance values, Tls nay be rounded up to 1 or 2
significant figures depending on the quality of the data base and the
extent of uncertainties involved in deriving the TI. The |evel of
detail shown is that which is considered necessary for EHCs and shoul d
be sufficient for adaptation at national and | ocal |evels.

Conpound A

Chl ori nat ed hydrocarbon

Page 30 of 44



Guidance values for human exposure limits (EHC 170, 1994)

Esti mat es of exposure

Estimated daily intakes of Conpound A for adults (pg/kg
body wei ght per day)® in the general population are as foll ows:

Ambi ent air? < 0.03

Dri nki ng- wat er 3 0. 00007-< 0. 0004
Food* 0. 004

Soi | no data
Consuner products no data
Total Intake 0.03

Assumed to weigh 64 kg, breathe 22 n? of air per day and drink

1.4 litres of water Per day (ICRP, 1974) and to consune 125 g per day
of a meat conposite (the conpound was not detected in other dietary
composi tes).

2 Based on a nean concentration of Compound A reported in a survey

of ambient Air from22 sites (< 0.10 pg/n?); concentrations in
indoor air were simlar to those in anbient air.

3 Based on a range of mean concentrations of Conpound A in
drinki ng-water of 0.003 pg/litre to < 0.02 pg/litre.

4 Based on a concentration of 0.0018 pg/g of Compound A detected in
a representative daily diet.

On the basis of these estimates, it is considered that the
percent age of total exposure fromvarious nmedia for the genera
popul ation (m dpoints of estimated intakes) is as follows:

out door/indoor air = < 0.03/0.03 = 85.9% (86%
(< 0.03 considered to be 0.03 mnus
i ntake from ot her nedia)

dri nki ng-wat er = 0.000245/0.03 = 0.82% (0. 8%
f ood = 0.004/0.03 = 13.3% (13%
soi | = no data

consuner products no data

Devel opnent of TI

The only data identified on long-termtoxicity follow ng
i nhal ation are the results of a single subchronic study for which no
effects were observed at any concentration. Available data are
consi dered i nadequate, therefore, to establish a TI on the basis of
the results of studies in which Conpound A has been admi ni stered by
i nhal ati on. Moreover although the general popul ati on appears to be
exposed to Conmpound A principally in air, based on limted avail able
data on concentrations in food, the estimated intake in food is within
the range of that estimated for air for sone age groups. In addition
the principal route of intake of the nbst exposed age group (i.e.
suckling infants) is ingestion (of nothers' mlk). Owing to the |ack
of adequate long-termtoxicity studies by the inhalation route and the
possible relatively inportant contribution that food nakes to total
exposure to Conpound A, a Tl is derived on the basis of a long-term
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i ngestion bioassay, as foll ows:

60 ng/ kg body
wei ght per day x 5
Tl = approx. 0.43 ng/ kg (430 pg/ kg)
body wei ght per day

100 x 7
wher e:

* 60 ng/ kg body wei ght per day is the NOAEL, determined in a
wel | - conduct ed and docunented | ong-term (chronic and
carci nogenesi s) bioassay, with renal tubul ar degeneration
observed at higher doses

* 5/7 is the conversion of five days per week of dosing to seven
days per week

* 100 is the uncertainty factor (x10 for inter-individua
variation; x10 for interspecies variation; available data on
t oxi coki netics and toxi codynam cs were inadequate to nodify the
10 x 10-fold uncertainty factor)
Derivation of Cuidance Val ues
Qut door /i ndoor air

The proportion of Tl allocated to outdoor air based on exposure
estimates = 86%

86% x Tl (430 pg/ kg body
wei ght per day)

370 pg/ kg body wei ght per day

daily inhalation vol une

for adults =22
mean body wei ght of adults = 64 kg
Qui dance val ue for 370 pg/ kg x 64 kg
out door/indoor air =
22
= 1100 pg/ n?

Dr i nki ng-wat er
The proportion of Tl allocated to drinking-water based on
exposure estimates = 0.8% (too snall to pernit devel opnent of
nmeani ngf ul gui dance values since it contributes negligibly to total
i nt ake)
Food

The proportion of Tl allocated to food based on exposure
estimates = 13%

13% x TI (430 pg/ kg
body wei ght per day) = 57 pg/ kg body wei ght per day

(tolerances in various foodstuffs can be devel oped on the basis
of the anmpunts ingested.)

Soi
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Oning to lack of relevant data, it is not possible to allocate a
proportion of the Tl to this source.

Conpound B
Chl ori nat ed hydrocarbon sol vent
Esti mat es of Exposure

Estimated daily intakes of Conpound B for adults (ug/ kg body
wei ght per day)® in the general population are as follows:

Ambi ent air? 0.01-0. 27
| ndoor air? 1.4

Dri nki ng- wat er 4 0. 002-0. 02
Food® 0.12

Soi | no data
Consumer products no data
Total |ntake 1.5-1.8

On the basis of these estimates, it is considered that the
percent age of total exposure fromvarious nmedia for the genera
popul ati on (based on midpoints of estimated intakes) is as foll ows:

outdoor air 0.14/1.67 = 8.3%

i ndoor air = 1.4/ 1.67 = 83.8% (84%
dri nki ng- wat er = 0.011/1.67 = 0.65%

f ood =0.12/1.67 = 7. 1%

soi | = no data

consuner products = no data

1 Assumed to weigh 64 kg, breathe 22 n? air and drink 1.4 litres
of water per day (ICRP, 1974).

Assumed to spend 4 h/day outdoors and based on a range of nean
concentrations of Conpound B (0.2 to 5.0 pg/n?) froma survey.

Assuned to spend 20 h/day i ndoors and based on the nean

concentration of Conmpound B of approximately 5.1 ug/nt in the
i ndoor air of 757 randonly sel ected hones exanmined in a survey.

Based on a range of nean concentrations of Conmpound B (0.1 to
0.9 pg/litre) in drinking-water froma nunber of surveys.

Based on the average | evels of Conpound B in the various
composite food groups in a study on the daily intake of these
food groups.

Devel opnent of TIs

A Tol erabl e I ntake for Compound B can be derived as foll ows:

[ (678 mg/ nt) x (0.043 n¥/day) x (6/24) x (5/7)]
Tl =

(0. 0305 kg) x 1000

170 ug/ kg body wei ght per day
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wher e:

* 678 ng/nt is the | owest-observed-adverse-effect |evel (LOAEL)
overall in mce determined in an adequate |ong-terminhal ation
study and based on reduced survival and hepato-toxicity in nales,
and | ung congestion and nephrotoxicity in males and fenal es.

* 0.043 mi/day is the assumed vol ume of air inhaled by nice

* 6/ 24 and 5/7 is the conversion of 6 h/day, 5 days/week to
conti nuous exposure.

* 0.0305 kg is the average body weight of the mice in the critica
st udy.

* 1000 is the uncertainty factor (x10 for inter-individua
variation, x10 for interspecies variation since available data on
t oxi coki netics and toxi codynam cs were inadequate for
nodi fication of these factors, x10 for use of a LOAEL rather than
a NOAEL) .

In order to ensure that the Tl derived on the basis of an
i nhal ation study is sufficiently protective, another TI can be derived
on the basis of studies in which Conpound B was admi ni stered by
ingestion. Wth the exception of one investigation in which
reversi bl e erythropoietic danage was reported at | ow concentrations
(50 pg/ kg body wei ght per day) but not confirned in other studies, the
| owest NOAEL in the |longest-term (90-day) available study in which
Conmpound B was adninistered orally in drinking-water to rats is
14 mg/ kg body wei ght per day, based on effects on body wei ght gain,
the ratio of liver or kidney weight to body weight, and serum
5'-nucl eotidase activity at the next highest dose. A LOEL of 20 ny/kg
body wei ght per day based on a slight increase in liver weight was
reported in a 6-week study on mce. Values for the Tl derived on the
basis of the results of these two studies are within the sane order of
magni tude as the Tl calculated fromthe inhal ati on study.

Derivati on of Cui dance Val ues

Since the Tls derived on the basis of studies by inhalation and
ingestion are within the same range and inhalation is the nost
i mportant route of exposure of the general population, the TI
devel oped for the inhalation route will be used as the basis for
derivation of guidance val ues.

Qutdoor air

The proportion of Tl allocated to outdoor air based on exposure
estimates = 8. 3%

8.3% x Tl (170 pg/ kg body
wei ght per day)

14 pg/ kg body wei ght per day

daily inhalation vol une
for adults =22 m

proportion of the day

spent out doors 4/ 24

vol unme of outdoor air

i nhal ed daily 22 m? x 4/24 = 3.7 n?

nean body wei ght of adults = 64 kg
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Gui dance val ue for 14 pg/ kg x 64 kg
out door air =
3.7t
= 242 pg/

| ndoor air

The proportion of Tl allocated to indoor air based on exposure
estimates = 84%

84% x Tl (170 pg/ kg body
wei ght per day)

140 pg/ kg body wei ght per day

daily inhalation vol une
for adults =22

proportion of the day
spent indoors

20/ 24

vol unme of indoor air

i nhal ed daily 22 m? x 20/24 = 18 n?

nean body wei ght of adults = 64 kg
Gui dance val ue for 140 pg/ kg x 64 kg
i ndoor air =
18 n?
= 498 ug/ nt

Dri nki ng- wat er
The proportion of TI allocated to drinking-water based on
exposure estimates = 0.65% (too small to permt devel opnent of
meani ngf ul gui dance values since it contributes negligibly to total
i nt ake)
Food

The proportion of Tl allocated to food based on exposure
estinmates = 7. 1%

7.1% x Tl (170 pg/ kg body

wei ght per day) = 12 pg/ kg body wei ght per day or
10 pg/ kg body wei ght per day to
one significant figure

(tolerances in various foodstuffs could then be devel oped on the
basis of ampbunts ingested.)

Soi

Oning to lack of relevant data, it is not possible to allocate a
proportion of the Tl to this source.

Conpound C

Natural |y occurring inorgani c chem ca

Page 35 of 44



Guidance values for human exposure limits (EHC 170, 1994)

Esti mat es of Exposure

The percentage of total exposure fromvarious nedia for adults in
the general population in country 1 is as follows:

out door/indoor air = 0.02%
dri nki ng- wat er = 6.9%
f ood = 80%

soi | = 0.11%
consumer products = 12. 8%

In contrast, the percentage of total exposure from various nedia
for adults in the general population in one area in country 2 is as
fol |l ows:

out door/i ndoor air = 35%
dri nki ng- wat er = 11%
f ood = 55%

Devel opnent of TIs

It is concluded, on the basis of data from several studies in
human popul ations, that the Tl is 200 ug/ kg body wei ght per day.

Derivation of Cuidance Values - Country 1
Qut door /i ndoor air
The proportion of Tl allocated to air based on exposure estinmates
= 0.02% (too small to permt devel opnent of neani ngful guidance
val ues)

Dr i nki ng- wat er

The proportion of TI allocated to drinking-water based on
exposure estimtes = 6. 9%

6.9% x Tl (200 pg/ kg body
wei ght per day) = 13.8 ug/ kg body wei ght per day

daily volume of ingestion of
drinking-water for adults

in Country 1 = 1.5 1litres
mean body wei ght of adults
in Country 1 = 70 kg
Qui dance val ue for 13.8 pg/ kg x 70 kg
dri nki ng- wat er =
1.5
= 644 pg/litre

Food

The proportion of Tl allocated to food based on exposure
estimates = 80%

80% x Tl (200 pg/ kg body 160 pg/ kg body wei ght per day
wei ght per day) = or 200 pg/ kg body wei ght per
day to one significant figure

(tolerances in various foodstuffs can then be devel oped on the basis
of ampunts ingested.)
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Soi

The proportion of Tl allocated to air based on exposure estimates
= 0.11%

(too small to permt devel opnent of neani ngful guidance val ues)
Consuner products

The proportion of Tl allocated to consumer products based on
exposure estimates = 12. 8%

12.8% x Tl (200 pg/ kg body
wei ght per day) = 26 pg/ kg body wei ght per day

(limts in consumer products can be devel oped on the basis of
patterns of use.)

Derivation of Cuidance Values - Country 2
Qut door /i ndoor air

The proportion of Tl allocated to air based on exposure
estimates = 35%

35% x Tl (200 pg/ kg body

wei ght per day) = 70 pg/ kg body wei ght per day
daily inhalation volune for
adults in Country 2 =20 nt
mean body wei ght of
adults in Country 2 = 60 kg
Gui dance val ue for 70 ug/ kg x 60 kg
out door/indoor air =
20 n?
= 210 ug/ nt

Dri nki ng- wat er

The proportion of Tl allocated to drinking-water based on
exposure estimates = 11%

11% x TI (200 pg/ kg body
wei ght per day) = 22 pg/ kg body wei ght per day

daily volune of ingestion of
drinki ng-water for
adults in Country 2 = 1.5 1litres

nmean body wei ght of
adults in Country 2= 60 kg

Gui dance val ue for 22 ug/ kg x 60 kg
dri nki ng-wat er =
1.5
= 880 ug/litre

Food
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The proportion of Tl allocated to food based on exposure
estimates = 55%

55% x TI (200 pg/ kg body
wei ght per day) = 110 pg/ kg body wei ght per day

(tolerances in various foodstuffs can be devel oped on the basis of
anobunts ingested.)

Soi
No data are avail abl e.
Consumer products
No data are avail abl e.
APPENDI X 2
GRAHI CAL APPROACHES

The use of graphs of dose-effect and dose-response toxicity data

to conplenent the text discussion in the devel opnent of Tls and

gui dance val ues i s considered val uable. Such graphs can display an
overview of the full range of dose-response information. G aphs can
range fromsinple "thernoneter" presentations as enployed by the US
Agency for Toxic Substances and Di sease Registry (ATSDR, 1989), to
dose-ef fect and dose-response graphs for specific toxic effects such
as genotoxicity (Waters et al., 1988) or devel opnental toxicity

(Kavl ock et al., 1991), or to dose-duration graphs described by
Hartung (1986), Hartung & Durkin (1986), and Dourson et al. (1985).

Fig. 4 is an exanple of a dose-duration graph and presents data
for nmet hoxychl or adapted from Dourson et al. (1985). This figure
summari zes the avail able frank-effect |evels (FEL), adverse-effect
| evel s (AEL), no-observed-adverse-effect |evels (NOAEL), and
no- observed-effect | evels (NCEL). Adverse-effect levels are presented
as a function of both dose in ng/day and exposure as a fraction of
I i fespan.

Each point in the graph represents one dose group from one study.
The size of the point is a rough indication of its useful ness for
determning tol erabl e intakes, where |arger points indicate nore
useful information. Qher information includes target organs. These
data can also be used to estimate a best fitting Iine for NOAEL across
duration.
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Fig. 4. Effect-dose-duration plot of all relevant human and animal oral
toxicity data for methoxychlor. Effect levels are shown for different
targets (LY = liver, RP = reproductive organ, GR = growth reduction,
SP = gpleen). Animal doses have been converted by a body surface
area factor to approximate the equivalent human dose. Dose durations
are divided by the appropriate species lifespan to yield a fraction
which, when multiplied by 70 years {the assumed average human
lifespany}, gives the correzponding position on the x axis, ie. a lifetime
exposure study in any species would be shown as 70 years. Study
usefulness iz denoted by symbaol size. Effect levels, listed in order of
decreaging severity, are:

4 Frank-effect level (FEL)

& Adverse-effect level (AEL)

0 Ho-observed-adverse-effect level (HOAEL)
¢  Ho-observed-effect level (HOEL)

{bazed on Dourson et al., 1985}

APPENDI X 3

ALTERNATI VE APPROACHES

Al ternative approaches being considered in the derivation of Tls

for threshold effects
cat egorical regression

Benchmar k dose

i ncl ude the benchmark dose and

The benchmark dose (BD)

is the |l ower confidence limt (LCL) of

the dose that produces a snall

increase in the |evel

of adverse

effects (e.g., 5 or 10
(UF) can be applied to
fromKi mel & Gayl or

% Crunp,

1984) to which uncertainty factors

develop a tolerable intake (see Fig. 5, adapted
1988).
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Fig. 5. Graphical illustration of benchmark dose (BD).
In this example LED,,= BD. BD could also be calculated
as LED;c, LED or other values. ED stands for
effective dose. (Adapted from Kimmel & Gaylor, 1988)

The BD has a number of advantages over the NOAEL. Firstly, it is
derived on the basis of data fromthe entire dose-response curve for
the critical effect rather than that fromthe single dose group at the
NOAEL (i.e. one of the few (usually three) presel ected dose | evels).
Use of the BD also facilitates conparison of studies on the sane agent
or the potencies of different agents. The BD can al so be cal cul ated
fromdata sets in which a NOAEL was not determined, eliminating the
need for an additional uncertainty factor to be applied to the LOAEL.
Lastly, definition of the BD as a | ower confidence linmt accounts for
the statistical power and quality of the data. That is, the
confidence intervals around the dose-response curve for studies with
smal | nunbers of aninmals and, therefore, |lower statistical power would
be wide; simlarly, confidence intervals in studies of poor quality
with highly variable responses would al so be wide. |n either case,
the wider confidence interval would lead to a | ower BD, reflecting the
greater uncertainty of the data base. On the other hand, narrow
confidence limts (reflecting better studies) would result in higher
BDs.

One of the chief disadvantages of this approach is that it is not
possible to determne a BD for many types of data on toxicity (e.g.
hi st opat hol ogi cal data).

Several net hods have been published for deternmining both the
dose-response curve fromwhich the BD is derived and appropriate
uncertainty factors to estimate the Tl (e.g., Crunp, 1984; Dourson et
al ., 1985; Kimel & Gaylor, 1988; Gaylor, 1989; Allen et al., 1992).
However, there is as yet, no consensus on the incidence of effect to
be used as a basis for the BD, although it should be conparable to the
| evel of effect typically associated with the NOAEL. For data bases
on devel opnental toxicity, it has been estinated that this | evel of
effect is in the range of 1-10% (Crunp, 1984; Gaylor, 1989, 1992);
this range is simlar for other toxic end-points (Farland & Dourson
1992; Shoaf, 1994). Allen et al. (1992, 1993) have estinmated that a
BD cal culated fromthe LCL at 5%is, on average, conparable to the
NOAEL, whereas choosing a BD fromthe LCL at 10%is nore
representative of a LOAEL (Farland & Dourson, 1992). Choosing a BD
that is conparable to the NOAEL has two advantages: (i) it is within
the experimental dose-range, eliminating the need to interpolate the
dose-response curve to low levels; and (ii) justification of the
application of sinmlar UFs as are currently applied to the NOAEL for
i nterspecies and inter-individual variation

Cat egori cal Regression
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The theory and application of categorical regressi on has been
addressed by Hertzberg & M|l er (1985), Hertzberg, (1989), Guth et al
(1991) (inhal ation exposure to nethylisocyanate), and Farland &
Dourson (1992) (oral exposure to arsenic). Data on toxicity are
classified into one of several categories, such as NOEL, NOAEL, AEL or
FEL, or others, as appropriate. These categories are then regressed

on the basis of dose and, if required, duration of exposure. The
result is a graph of probability of a given category of effect with
dose or concentration, which is useful in the analysis of potential
ri sks above the TlI, especially for conparisons anongst chemni cal s.

Dependi ng on the extent of the available data on toxicity,
additional estimations regardi ng the percentage of individuals with
specific adverse effects are possible. Such estimations require,
however, an understandi ng of the mechani sms of toxicity of the
critical effect, know edge of the extrapol ati on between the
experinmental animal and man, and/or incidences of specific effects in
humans.

Simlar to the BD, categorical regression utilizes information
fromthe entire dose-response curve, resulting in nore precise
estimates of risk when conpared to the current approach (NOAEL-based
TIs). However, categorical regression requires nore information than
the current TI method, and the interpretation of the probability scale
can be problenatic.

APPENDI X 4
BODY VEI GHT AND VOLUMES OF | NTAKE FOR REFERENCE MAN
(based on I CRP, 1974, unless otherw se indicated)

Body wei ght, kg

Adult nmmal e = 70
Adult femal e = 58
Aver age = 642

Daily fluid intake (mlk, tap water, other beverages), nl/day

Nor mal conditi ons:

Adul ts = 1000- 2400, representative
figure = 1900° (excl uding
m | k: 1400°)

Adult mal e = 1950

Adult fenale = 1400

Child (10 years) = 1400

H gh average tenperature (32°C):

Adul ts = 2840-3410
Moderate activity:

Adul ts = 3700

Respi ratory vol unes

8-h respiratory volune, litres
resting: Adult man = 3600
Adul t woman = 2900
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Child (10 years) = 2300
| i ght/non-occupationa
activity: Adult man = 9600
Adul t woman = 9100
Child (10 years) = 6240

Dai |y inhal ation vol une, n?

(8-h resting, 16-h |ight/non-occupational activity)

Adult mal e = 23

Adult fenale = 21

Child (10 years) = 15

Aver age adul t = 22
Proportion of tine
spent indoors® = 20 h/day
Amount of soil ingested® = 20 ng/ day

Di etary intake®

Cereal s
Starchy roots

323 g/day (flour and milled rice)
225 g/ day (sweet potatoes, cassava
and ot her)

72 g/ day (includes raw sugar

excl udes syrups and honey)

33 g/day (includes cocoa beans)
325 g/ day (fresh equival ent)

Sugar

Pul ses and nuts
Veget abl es and fruits

Meat 125 g/ day (includes offal, poultry
and gane in terns of carcass weight,
excl udi ng sl aughter fats)

Eggs = 19 g/day (fresh equival ent)

Fi sh = 23 g/day (Il anded wei ght)

M| k = 360 g/day (excludes butter; includes

m | k products as fresh nilk
equi val ent)
31 g/day (pure fat content)

Fats and oils

WHO uses 60 kg for calculation of acceptable daily intakes and

wat er quality guidelines (WHO, 1987, 1993).

WHO uses a daily per capita drinking-water consunption of 2 litres
in calculating water quality guidelines (WHO, 1993)

© FromHealth and Welfare Canada (1992)

Based on average of estimates for 7 geographical regions

(I CRP, 1974)

RESUME

Des val eurs gui des devraient étre établies dans les Criteéeres
d' hygi éne de | ' environnenent (CHE) de |'IPCS pour |'exposition aux
produits chim ques présents dans |'environnenent. Ces val eurs gui des
pourront étre nodifiées par |es autorités nationales et |ocales
| orsque celles-ci fixeront leurs nornes et limtes pour les différents
mlieux. L'élaboration des valeurs guides pour |les produits chim ques
conporte | es étapes suivantes:

1. Evaluer et résumer |es données relatives a la toxicité pour
["home et |'aninmal et a |'exposition humaine qui offrent un intérét
particulier pour |le calcul des val eurs guides. Ces données devraient
de préférence étre présentées sous la fornme d un texte explicatif
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résumant | es points cruciaux, conpl été par des graphiques.

2. Ces données pourront servir a cal culer une dose tol érable (DT)
pour les différentes voies d' exposition dans |le cas des effets pour

| esquel s on considéere qu'il existe un seuil. Le calcul consiste
général emrent a appliquer des facteurs d'incertitude aux doses sans
effet indésirable observé (DSEIO établies par |'étude |la plus
pertinente pour les effets critiques. En ce qui concerne les effets
pour lesquels il n'existe pas de seuil, la relation dose-réponse devra

étre caractérisée aussi conpl etenment que possi bl e.

3. Estinmer la proportion de |la dose totale provenant des différents
mlieux (atnmosphére a |I'intérieur des |locaux, air anbiant, nourriture,
eau, etc.) dans une situation donnée, en prenant comme base de cal cu

un ensenbl e cohérent de données sur |es volunes théoriques absorbés

par |'"honme de référence" de |l a Conmission internationale de
protection contre les radiations (CIPR) et des concentrations
représentatives de |'environnenent général. En |'absence de données

adéquat es sur les concentrations dans les différents mlieux, on
pourra utiliser des nodél es mat hénmati ques pour estiner la répartition
entre ces mlieux.

4., Attribuer une proportion de la DT aux différents milieux (d' aprés
les résultats de |'estimation décrite a |'étape 3 ci-dessus) de fagon
a détermner |la dose ou |'exposition attribuable a chaque mlieu.

5. FEtablir des val eurs guides pour |es doses attribuées a chaque
mlieu en tenant conpte éventuel |l enent du poids corporel, du vol une
absorbé et de |'efficacité de |' absorption (efficacité d' absorption
relative lorsque |la val eur guide est calculée a partir de la DT
établie pour une autre voie d exposition). Dans |es nonographi es de
la série CHE, les valeurs guides devraient étre établies pour un
scénario d' exposition clairenment défini, fondé sur |es données
applicables a |' horme de référence de |a Cl PR, données qui ne sont pas
nécessai renent représentatives des conditions nationales ou |locales
d' exposition. Nornal enent, |es val eurs guides seront cal cul ées pour
une popul ation général e représentative, soum se a des conditions
d' exposition égal enent représentatives. Elles devront étre adaptées
au niveau national et local en fonction des circonstances.

6. La base de calcul des DT et des val eurs guides devrait étre
cl ai renent expliquée dans | es nobnographies de la série CHE (pour le
ni veau de détail exigé, voir |les exenples de |'appendice 1).

RESUMEN

En |l os nmonografias de la serie Criterios de Salud Anmbi ental (EHC)
del | PCS deben formul arse valores orientativos para |a exposicion a
sustanci as quim cas presentes en el nedi o anbiente, valores que |as
aut ori dades naci onal es y | ocal es pueden nodificar al determ nar sus
l[imtes y nornas aplicables al nedio. Los pasos previstos para
cual qui er sustancia quimca son | os siguientes:

1. Evaluar y resumir la informaci én referente a la toxicidad en | os
animales y el honbre y | a exposicion en el honbre, sel eccionando |a
mas pertinente para el calculo de los valores orientativos. E
esquenma mas apropi ado para presentar |os datos pertinentes con nmiras
al calculo de los valores orientativos es un texto que describa

suci ntamente |l os datos criticos, conplenentado con |os graficos
oport unos.

2. Calcular a partir de esos datos una Ingesta Tolerable (IT) para

| as diversas vias de exposicion y para los distintos efectos que se
considere que tienen un unbral. Ello entrafia el uso de factores de
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incertidunbre, aplicados por |o general al nivel sin efectos adversos
observados (NOAEL) para |los efectos criticos referidos en el estudio
mas pertinente. En el caso de |os efectos sin unbral, se

caracterizara en la nedida de o posible la relaci 6n dosi s-respuest a.

3. Estimar la proporcio6n de ingesta total que tiene su origen en |os
diversos nedios (p. ej., aire de espacios interiores y anbiental
alimentos y agua), sobre | a base de | as exposiciones cal cul adas para
un conjunto coherente de vol Gnenes supuestos de ingesta (utilizando el
honbre de referencia de | a Conision Internacional de Protecci6on contra
| as Radi aciones (CIPR)) y de concentraci ones representativas en el
nedi o anbi ente general para una deterninada situacion. Si no se

di spone de datos suficientes sobre | as concentraci ones en diversos
medi os, pueden enpl earse nodel os matematicos para estinmar |a

di stribuci 6n por esos nedi os.

4. Asignar una proporcién de la IT a diversos nedi os de exposi ci 6n
(basandose en | a exposici 6n estinmada conforme a |l o explicado en e
paso 3 precedente) para determinar la ingesta o exposicion en cada
medi o.

5. Formular valores orientativos a partir de |as ingestas asignadas a
cada nedi o, teniendo en cuenta (si es necesario) el peso corporal, el
vol unen de ingesta y la eficiencia de absorcién (la eficiencia de
absorcion relativa cuando para calcular el valor orientativo se
utilice la IT correspondiente a otra via de exposicion). En |os
nonografias de |la serie EHC se fornularian val ores orientativos para
unas condi ci ones de exposici 6n claranente defini das, basadas en | os
dat os del honbre de referencia de la CIPR y no necesarianente
representativas de | as condici ones de exposici én naci onal es o | ocal es.
Se cal cul aran cominnmente val ores orientativos para una pobl aci 6n

general representativa y unas condi ci ones de exposici én
representativas. Los valores orientativos se deberan adaptar a nive
naci onal y local segun proceda en funci én de | as circunstancias

| ocal es.

6. En los nonografias de | a serie EHC se deberan detallar claranente
| os fundanmentos del calculo tanto de la IT cono de |os val ores
orientativos (respecto al grado de detalle, véanse |os ejenplos
present ados en el apén$ice 1).

See Al so:
Toxi col ogi cal Abbrevi ations
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