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of experts and does not necessarily represent the decisions or the
stated policy of the United Nations Environnent Programre, the
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The International Programme on Chemi cal Safety (IPCS),
established in 1980, is a joint venture of the United Nations
Envi ronment Programme (UNEP), the International Labour Organisation
(1LO, and the Wrld Health Organization (WHO). The overall
obj ectives of the IPCS are to establish the scientific basis for
assessment of the risk to human health and the environnent from
exposure to chem cals, through international peer review processes, as
a prerequisite for the pronotion of chenical safety, and to provide
techni cal assistance in strengthening national capacities for the
sound nmanagenent of chem cals.

The Inter-Organi zati on Progranme for the Sound Managenent of
Chemicals (1OMC) was established in 1995 by UNEP, ILO the Food and
Agriculture Organization of the United Nations, WHO, the United
Nati ons I ndustrial Devel opnent Organi zation, the United Nations
Institute for Training and Research, and the Organisation for Econonic
Co- operation and Devel opment (Participating O ganizations), follow ng
recomendati ons nmade by the 1992 UN Conference on Environnent and
Devel opnent to strengthen cooperation and increase coordination in the
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field of chem cal safety. The purpose of the IOMCis to pronote
coordi nation of the policies and activities pursued by the
Participating Ogani zations, jointly or separately, to achieve the
sound nmanagenment of chemicals in relation to human health and the
envi ronnent .
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NOTE TO READERS OF THE CRI TERI A MONOGRAPHS

Every effort has been made to present information in the criteria
nonogr aphs as accurately as possible w thout unduly delaying their
publication. |In the interest of all users of the Environnental Health
Criteria nonographs, readers are requested to comunicate any errors
that may have occurred to the Director of the International Progranme
on Chemical Safety, Wrld Health Organization, Geneva, Switzerland, in
order that they may be included in corrigenda.

* * *

A detailed data profile and a legal file can be obtained fromthe
International Register of Potentially Toxic Chenicals, Case postale
356, 1219 Chatel aine, Geneva, Switzerland (tel ephone no. + 41
22 - 9799111, fax no. + 41 22 - 7973460, E-nmil irptc@nep.ch).

* * *

This publication was made possi bl e by grant nunber
5 W01 ES02617-15 fromthe National Institute of Environmental Health
Sci ences, National Institutes of Health, USA, and by financial support
fromthe European Commi ssion

Environmental Health Criteria
PREAMBLE
oj ectives

In 1973 the WHO Envi ronnental Health Criteria Programe was
initiated with the follow ng objectives:

(1) to assess information on the relationship between exposure
to environnental pollutants and human health, and to provide
gui delines for setting exposure lints;

(ii) to identify new or potential pollutants;
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(iii) to identify gaps in know edge concerning the health effects
of pollutants;
(iv) to pronote the harnoni zati on of toxicological and

epi dem ol ogi cal nmethods in order to have internationally
conpar abl e results.

The first Environnental Health Criteria (EHC) nonograph, on
nercury, was published in 1976 and since that tinme an ever-increasing
nunber of assessments of chem cals and of physical effects have been
produced. In addition, many EHC nonographs have been devoted to
eval uati ng toxicol ogi cal nethodol ogy, e.g., for genetic, neurotoxic,

t erat ogeni ¢ and nephrotoxic effects. Oher publications have been
concerned with epideniol ogi cal guidelines, evaluation of short-term
tests for carcinogens, biomarkers, effects on the elderly and so
forth.

Since its inauguration the EHC Programme has wi dened its scope,
and the inportance of environnental effects, in addition to health
effects, has been increasingly enphasized in the total evaluation of
cheni cal s.

The original inpetus for the Programre cane fromWrld Health
Assenbly resol utions and the recommendati ons of the 1972 UN Conference
on the Human Environnent. Subsequently the work becane an integra
part of the International Programme on Chenical Safety (IPCS), a
cooperative programre of UNEP, ILO and WHO. In this manner, with the
strong support of the new partners, the inportance of occupationa
heal th and environnental effects was fully recognized. The EHC
nmonogr aphs have beconme w dely established, used and recogni zed
t hr oughout the world.

The recomendati ons of the 1992 UN Conference on Environnment and
Devel opnent and the subsequent establishnment of the Intergovernnmental
Forum on Chemi cal Safety with the priorities for action in the six
programe areas of Chapter 19, Agenda 21, all lend further weight to
the need for EHC assessnents of the risks of chem cals.

Scope

The criteria nmonographs are intended to provide critical reviews
on the effect on human health and the environment of chenicals and of
conbi nati ons of chem cals and physi cal and biol ogi cal agents. As
such, they include and review studies that are of direct rel evance for
t he eval uati on. However, they do not describe every study carried
out. Worldw de data are used and are quoted from origi nal studies,
not fromabstracts or reviews. Both published and unpublished reports
are considered and it is incumbent on the authors to assess all the
articles cited in the references. Preference is always given to
publ i shed data. Unpublished data are only used when rel evant
publ i shed data are absent or when they are pivotal to the risk
assessment. A detailed policy statenment is avail able that describes
t he procedures used for unpublished proprietary data so that this
i nformati on can be used in the evaluation without conpronising its
confidential nature (WHO (1990) Revised CGuidelines for the Preparation
of Environmental Health Criteria Mnographs. PCS/ 90.69, Geneva, Wrld
Heal t h Organi zation).

In the evaluation of hunan health risks, sound hunman data,

whenever avail able, are preferred to aninal data. Aninmal and
in vitro studies provide support and are used mainly to supply
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evi dence m ssing fromhuman studies. It is mandatory that research on
human subjects is conducted in full accord with ethical principles,
i ncluding the provisions of the Helsinki Declaration

The EHC nonographs are intended to assist national and
i nternational authorities in making risk assessnents and subsequent
ri sk managenment decisions. They represent a thorough eval uation of
risks and are not, in any sense, reconmendations for regulation or
standard setting. These latter are the exclusive purview of national
and regi onal governmnents.

Cont ent
The | ayout of EHC nonographs for chemicals is outlined bel ow.

* Sunmary -- a review of the salient facts and the risk eval uation
of the chemical

Identity -- physical and chem cal properties, analytical nethods
Sour ces of exposure

Envi ronnmental transport, distribution and transformation

Envi ronnmental |evels and human exposure

Ki netics and netabolismin |aboratory animals and hunans

Ef fects on | aboratory mammals and in vitro test systens

Ef fects on humans

Ef fects on other organisnms in the | aboratory and field

Eval uati on of human health risks and effects on the environnent
Concl usi ons and reconmendati ons for protection of human health
and the environnent

L S T T T

* Further research
* Previ ous eval uations by international bodies, e.g., | ARC, JECFA,
JMPR

Sel ection of chemical s

Since the inception of the EHC Programe, the | PCS has organi zed
neetings of scientists to establish lists of priority chenicals for
subsequent eval uation. Such neetings have been held in: Ispra, Italy,
1980; Oxford, United Kingdom 1984; Berlin, Germany, 1987; and North
Carolina, USA, 1995. The selection of chem cals has been based on the
following criteria: the existence of scientific evidence that the
subst ance presents a hazard to human health and/ or the environnent;

t he possi bl e use, persistence, accunul ation or degradation of the
subst ance shows that there nmay be significant hunan or environnenta
exposure; the size and nature of populations at risk (both hunman and
ot her species) and risks for environment; international concern, i.e.
the substance is of major interest to several countries; adequate data
on the hazards are avail abl e.

I f an EHC nmonograph is proposed for a chemical not on the
priority list, the IPCS Secretariat consults with the Cooperating
Organi zations and all the Participating Institutions before enbarking
on the preparation of the nonograph

Procedur es
The order of procedures that result in the publication of an EHC
nmonograph is shown in the flow chart. A designated staff nenber of

| PCS, responsible for the scientific quality of the docunent, serves
as Responsible Oficer (RO. The IPCS Editor is responsible for
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| ayout and | anguage. The first draft, prepared by consultants or,
nore usually, staff froman IPCS Participating Institution, is based
initially on data provided fromthe International Register of
Potentially Toxic Chem cals, and reference data bases such as Mdline
and Toxl i ne.

The draft docunent, when received by the RO nmay require an
initial review by a small panel of experts to determine its scientific
quality and objectivity. Once the RO finds the docunent acceptable as
a first draft, it is distributed, in its unedited form to well over
150 EHC contact points throughout the world who are asked to comment
on its conpl eteness and accuracy and, where necessary, provide
additional material. The contact points, usually designated by
governments, may be Participating Institutions, |IPCS Focal Points, or
i ndi vi dual scientists known for their particular expertise. Generally
some four nmonths are allowed before the comments are considered by the
RO and author(s). A second draft incorporating conmrents received and
approved by the Director, IPCS, is then distributed to Task G oup
menbers, who carry out the peer review, at |east six weeks before
their neeting.
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EHC PREPARATION FLOW CHART
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The Task Group nmenbers serve as individual scientists, not as
representatives of any organi zati on, government or industry. Their
function is to evaluate the accuracy, significance and rel evance of
the information in the document and to assess the health and
environnental risks fromexposure to the chemcal. A summary and
recommendati ons for further research and inproved safety aspects are
al so required. The conposition of the Task Goup is dictated by the
range of expertise required for the subject of the neeting and by the
need for a bal anced geographical distribution.

The three cooperating organi zations of the |IPCS recogni ze the
i mportant role played by nongovernnental organizations.
Representatives fromrel evant national and international associations
may be invited to join the Task Group as observers. Wile observers
may provide a val uable contribution to the process, they can only
speak at the invitation of the Chairperson. Cbservers do not
participate in the final evaluation of the chenmical; this is the sole
responsibility of the Task Group nmenbers. \When the Task G oup
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considers it to be appropriate, it nay neet in canera.

Al'l individuals who as authors, consultants or advisers
participate in the preparation of the EHC nonograph nust, in addition
to serving in their personal capacity as scientists, informthe RO if
at any tine a conflict of interest, whether actual or potential, could
be perceived in their work. They are required to sign a conflict of
interest statenment. Such a procedure ensures the transparency and
probity of the process.

VWhen the Task Group has conpleted its review and the RO is
satisfied as to the scientific correctness and conpl eteness of the
docunent, it then goes for |anguage editing, reference checking, and
preparati on of canera-ready copy. After approval by the Director,
| PCS, the nonograph is submitted to the WHO O fice of Publications for
printing. At this tinme a copy of the final draft is sent to the
Chai rperson and Rapporteur of the Task Group to check for any errors.

It is accepted that the following criteria should initiate the
updating of an EHC nonograph: new data are avail abl e that woul d
substantially change the evaluation; there is public concern for
health or environmental effects of the agent because of greater
exposure; an appreciable tinme period has el apsed since the |ast
eval uati on.

Al Participating Institutions are infornmed, through the EHC
progress report, of the authors and institutions proposed for the
drafting of the docunents. A conprehensive file of all coments
received on drafts of each EHC nonograph is naintained and is
avai |l abl e on request. The Chairpersons of Task G oups are briefed
bef ore each neeting on their role and responsibility in ensuring that
these rules are foll owed.

PARTI Cl PANTS I N THE PLANNI NG AND TASK GROUP MEETI NGS ON PRI NCI PLES FOR
THE ASSESSMENT OF RI SKS TO HUMAN HEALTH FROM EXPOSURE TO CHEM CALS

Menber s

Dr A Aitio, Institute of Cccupational Health, Laboratory of
Bi ochemistry, Helsinki, Finland &b

Dr N. Aldrige, The Robens Institute of Industrial and Environnental
Heal th and Safety, University of Quildford, Guildford, Surrey, United
Ki ngdom (deceased) &b

Dr D. Anderson, British Industry Biol ogical Research Association
(BIBRA), Carshalton, Surrey, United Kingdon# b

Prof essor C. L. Berry, Departnent of Morbid Anatomy, London Hospital
Medi cal Col | ege, London, United Ki ngdont

Dr R Burnett, Biostatistics and Conmputer Division, Environnental
Health Directorate, Health and Wel fare Canada, Gtawa, Ontari o,
Canada?2

Dr J.R P. Cabral, Unit of Mechani sns of Carcinogenesis, |nternational
Agency for Research on Cancer, Lyon, France?2

Dr E. Cardis, Unit of Biostatistics Research and |Informatics,
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I nternational Agency for Research on Cancer, Lyon, Francea

Dr M Ckrt, Institute of Hygi ene and Epi dem ol ogy, Prague, Czech
Republ i ca

Dr D.B. dayson, Carp, Ontario, Canada

M D.J. degg, Pesticide Section, Toxicological Evaluation Division,
Food Directorate, Health Protection Branch, Tunney's Pasture, Ctawa,

Ontari o, Canada?

Prof essor E. Dybing, Departnent of Environmental Medicine, National
Institute of Public Health, Oslo, Norway¢

Dr R Fielder, Department of Health, Elephant and Castle, London
Uni ted Ki ngdon®

Dr L. Fishbein, Fairfax, Virginia, USAC

Dr H G bb, US Environmental Protection Agency, Wshington, DC,
USAa b, d

Dr M Coddard, Biostatistics and Computer Division, Environnental
Health Centre, Health and Wl fare Canada, Tunney's Pasture, QOtawa,
Ontari o, CanadaP

Prof essor B. Goldstein, Rutgers Medical College, Busch Canpus,
Pescat away, New Jersey, USA2
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Dr RF. Hertel, Federal Institute for Consuners, Health Protection and

Vet erinary Medicine, FE-821 Bundesgesundheitsant, BGVYV, Berlin,
Ger many¢ d

Dr J. Huff, Environnental Carcinogenesis Programme, National Institute

of Environmental Health Sciences, Research Triangle Park, North
Carol i na, USAP

Professor M 1|keda, Departnent of Environnental Health, Tohoku
Uni versity School of Medicine, Sendai, Japan?

Dr D. Krewski, Biostatistics and Computer Division, Environnental
Health Directorate, Health and Wel fare Canada, Otawa, Ontari o,
Canada?2

Professor R Kroes, initially National Institute of Public Health
and Environnental Hygiene, Bilthoven, subsequently Research
Institute for Toxicology, University of Urecht, Urecht, the

Net her | andsa ¢

Professor M Lotti, University of Padua Medical School, Institute of

Cccupati onal Medici ne, Padua, Italy?2

Dr GW Lucier, Division of Bionetry and Ri sk Assessnent, Nati onal
Institute of Environmental Health Sciences, Research Triangle Park,
North Carolina, USA?2

Dr L. Magos, Toxicology Unit, Medical Research Council Laboratories,

Carshalton, Surrey, United Ki ngdont
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Dr E. McConnell, Raleigh, North Carolina, USA2
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Ms ME. WMeek, Environmental Health Directorate, Health Canada, Otawa,

Ontari o, CanadaC

Dr RL. Melnick, National Institute of Environnental Health Sciences,

Di vision of Bionetry and Ri sk Assessnent, Research Triangl e Park,
North Carolina, USA2

Prof essor D.V. Parke, Departnent of Biochemi stry, University of
Surrey, Quildford, Surrey, United Ki ngdont

Dr J. Parker, O fice of Health and Environnental Assessment, US
Envi ronnental Protection Agency, Washington, DC, USA2

Dr O E Paynter, Hazard Eval uation Division, US Environnental
Prot ecti on Agency, Washington, DC, USA2

Dr P.K. Ray, Industrial Toxicology Research Centre, Lucknow, |ndia?2

Dr A.G Renw ck, Cinical Pharmacol ogy G oup, University of
Sout hanpt on, Sout hhanpt on, Hanpshire, United Ki ngdonf

Dr J. Sekizawa, Division of Information on Chenical Safety, National

Institute of Hygienic Sciences, Tokyo, JapanP

Dr J. Shaum US Environnental Protection Agency, National Center for

Envi ronnent al Assessnent, Washington, DC, USAd

Professor J. A Sokal, Institute of Occupational Medicine and
Envi ronnental Heal th, Sosnow ec, Pol and¢

Dr J. Steadman, Departnment of Health and Social Security, Elephant and

Castle, London, United Ki ngdont

Dr L. Strayner, Division of Standards Devel opnment and Technol ogy
Transfer, National Institute for QOccupational Safety and Health,
Gincinnati, Onhio, USAP

Dr GMH Swaen, Departnent of Cccupational Medicine, University of
Li mburg, Maastricht, the Netherlandsa?b

Dr A Wl ker, Organisation for Econonmi c Co-operation and Devel opnent,

Pari s, France2

Prof essor R \Wal ker, Food Safety Group, Division of Toxicol ogy, School

of Bi ol ogical Sciences, University of Surrey, Quildford, Surrey,
Uni ted Ki ngdontf

Dr J.E. Zejda, Departnment of Epideniology, Institute of Cccupati onal

Medi ci ne and Environnental Health, Sosnow ec, Pol and¢

Observers

Professor G D Renzo, International Union of Toxicol ogy, Departnent

of Neuroscience, Faculty of Medicine and Surgery, University of Naples

"Federico I1", Naples, Italy¢

Dr M Jaroszewski, Health and Safety Directorate, QOccupati onal
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Medi ci ne and Hygi ene Unit, Conm ssion of the European Comunity,
Luxenmbour gb

Dr C. Lally, European Council of Chem cal Industry Federation (CEFIC),
Procter and Ganbl e, Stronbbek Bever, Bel giunf

Professor A. Mutti, Institute of Cdinical Medicine and Nephrol ogy,
Parma, Italy¢

Dr J. O Donoghue (Representing AlHC) Corporate Health and Environnent
Laboratories, Eastman Kodak Conpany, Rochester, New York, USAP

Dr M Penman, ICl C & P Limted, Cccupational Health Division, WIton,
M ddl esbor ough, C evel and, United Ki ngdonf

Ms M Richold, European Centre for Ecotoxicol ogy and Toxi col ogy of
Chemical s (ECETOC), Unil ever Research Laboratory, Environmental Safety
Laboratory, Sharnbrook, Bedford, United Ki ngdonf

M P. Verschuren, International Life Sciences Institute, Brussels
Bel gi unt. b

Secretari at

Dr G C Becking, Inter-regional and Research Unit, International
Progranmme on Chemi cal Safety, Wrld Health Organi zati on, Research
Triangl e Park, North Carolina, USAP

Dr K. Qutschmidt, International Programe on Chemical Safety, Wrld
Heal t h Organi zation, Geneva, Switzerl andd

Dr E. Smith, International Programe on Chemical Safety, Wrld Health
Organi zati on, Ceneva, Switzerl andec

Dr M Younes, International Progranme on Chenical Safety, World Health
Organi zation, Geneva, Switzerlandd

a Participated in Planning and Wrking G oups on Scientific
Principles for the Assessnment of Risks to Human Health from
Exposure to Chem cal s.

b Participated in the WHO Task Group Meeting on the initial draft
of Principles for the Assessnent of Ri sk from Exposure to
Chemicals (British Industry Biological Research Association
(BIBRA), Carshalton, Surrey, United Kingdom March 1993).

¢ Participated in the WHO Task Group Meeting on the initial draft
of General Principles and Methods for Chemical Safety (Hunman
Health Protection (National Institute of Public Health and
Environnental Protection) (RIVM, Bilthoven, the Netherl ands, 22-
25 March 1994).

d Participated in the WHO Fi nali zing Group Meetings on Principles
for the Assessnent of Risks to Human Health from Exposure to
Chemicals (Wrld Health Organi zati on, Geneva, Switzerland, 2-5
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Sept ember 1996 and 18-20 Septenber 1997).

PRI NCl PLES FOR THE ASSESSMENT COF RI SKS TO HUMAN HEALTH FROM EXPOSURE

TO CHEM CALS

Thi s nmonograph is an anmal ganati on of two draft documents
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"Principles for the Assessnent of Risk from Exposure to Chenical s" and

"CGeneral Principles and Methods for Chenical Safety (Hunman Health
Protection)".

Bot h docurments were planned to cover different aspects of
chemical safety and risk assessnment; one dealing with the basic
sci ence for general readers, and the other providing nore practical
approaches to risk assessnment of chemicals for risk assessors.

However, they turned out to have a substantial amount of overl apping

information and it was therefore decided to use both drafts as a basis

for this new, conprehensive docunent. The nore detailed draft on
"CGeneral Principles and Methods for Chenical Safety (Human Health
Protection)” will be published as a separate docunent for training
pur poses.

This Environmental Health Criteria nonograph is ained at
furnishing a practical overview of chemi cal safety and at providing
the framework of risk assessnment for regulatory and research
scientists, as well as risk managers. It is intended to conpl ement

exi sting Environmental Health Criteria that address nethodol ogies for

t he assessnment of risks from exposure to chemicals with a view towards

di fferent end-points or to susceptible population groups. It is not
i ntended as a textbook on toxicol ogy.

Thi s nonograph shoul d not be considered as being of a
prescriptive nature. The chapters on exposure assessnent and ri sk
characterization, in particular, provide rather some practica
gui dance.

Several planning, working and Task G oup neetings took place to

di scuss and agree upon the structures and contents of both
Envi ronmental Health Criteria docunents.

A VWHO Task Group on "Principles for the Assessment of Risk from

Exposure to Chenical s" net at the British Industrial Biological

Research Association (BIBRA), Carshalton, Surrey, United Kingdom in

March 1993. Dr G C. Becking, IPCS, welconed the participants on behal f

of the Director, IPCS, and the three |IPCS cooperating organizations
(UNEP/ | LOOWHO), and the Task Goup reviewed the draft document.

The main contributors to the first draft on Principles for the
Assessnment of Risk from Exposure to Chemicals were Dr N. Al dridge,
Robens Institute of Industrial and Environnental Health and Safety,

United Kingdom Dr H G bb, US Environnmental Protection Agency, Dr J.
Huf f, National Institute of Environnental Health Sciences, USA, Dr L
Stayner, National Institute for Cccupational Safety and Heal th, USA

A second WHO Task Group nmet to review the draft nonograph on
General Principles and Methods for Chenical Safety (Human Health
Protection). This group net in at the National Institute of Public
Heal th and Environnental Protection (RIVM, Bilthoven, the

Net herl ands, from 22 to 25 Novenber 1995. Dr E. Smith, |IPCS, welconed
the participants on behalf of the Director, IPCS, and the three |IPCS
cooperating organizations (UNEP/ILO WHO), and the Task G oup reviewed
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the draft docunent.

The main contributors to the draft on Principles for the
Assessnent of Risk from Exposure to Chenmicals were Dr D.B. C ayson
Carp, Canada, Professor E. Dybing, National Institute of Public
Heal th, Norway, Dr L. Fishbein, Fairfax, Virginia, USA D A G
Renwi ck, University of Southanpton, United Kingdom Professor R
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Wal ker, University of Surrey, United Kingdom and Professor J.A Sokal

Institute of Cccupational Health and Environnental Medicine,
Sosnowi ec, Pol and.

In addition to the Task Group neetings, neetings were held during

1996 and 1997 in CGeneva to conbi ne the two docunents.

Dr EE Smith and Dr G Becking, both nenbers of the IPCS, were

responsi ble for the preparation of the initial draft docunents. Dr M

Younes (I PCS) was responsible for the overall scientific content of
the final nonograph and Dr P.G Jenkins (IPCS) for the technica
editing.

The efforts of all who helped in the preparation and finalization

of the docunent are gratefully acknow edged.

ABBREVI ATl ONS

ADD average daily dose

ADI acceptabl e daily intake

EPI exposur e/ pot ency i ndex

GP good | aboratory practice

| ARC I nternational Agency for Research on Cancer

LOAEL | owest - observed- adverse-effect |eve

NOAEL no- observed- adverse-effect |eve

CECD Organi sation for Econom ¢ Co-operation and Devel opnent
PBPK physi ol ogi cal | y based pharmacoki netic

SAR structure-activity relationship

US EPA  US Environnental Protection Agency
1. SUMVARY

Control of risks fromexposure to chemcals (chem cal safety)

requires first of all a scientific, ideally quantitative, assessnent

of potential effects at given exposure levels (risk assessnent). Based

upon the results of risk assessnent, and taking into consideration

ot her factors, a decision-naking process ained at elimnating or, if

this is not possible, reducing to a mininumthe risk to the
chemical (s) under consideration (risk nanagenent), can be started.

Ri sk assessnment is a conceptual framework that provides the
mechani smfor a structured review of information relevant to
estimating health or environnental outcones. In conducting risk

assessnents, the National Acadeny of Sciences risk assessnment paradi gm

has proven to be a useful tool (US NAS, 1983). This paradi gm divides

the risk assessment process into four distinct steps: hazard

i dentification, dose-response assessnent, exposure assessnent and ri sk

characteri zation.

The purpose of hazard identification is to evaluate the weight of

evi dence for adverse effects in humans based on assessnent of al
avai l abl e data on toxicity and node of action. It is designed to
address primarily two questions: (1) whether an agent nay pose a
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heal th hazard to human bei ngs, and (2) under what circunstances an

identified hazard nay be expressed. Hazard identification is based on

anal yses of a variety of data that may range from observations in

humans to analysis of structure-activity relationships. The result of

the hazard identification exercise is a scientific judgenent as to

whet her the chem cal eval uated can, under given exposure conditions,

cause an adverse health effect in humans. Cenerally, toxicity is
observed in one or nore target organ(s). Oten, nultiple end-points
are observed foll owi ng exposure to a given chemcal. The critica
effect, which is usually the first significant adverse effect that
occurs with increasing dose, is determ ned.

Dose-response assessnent is the process of characterizing the
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rel ati onshi p between the dose of an agent adm nistered or received and

the incidence of an adverse health effect. For npbst types of toxic

effects (i.e. organ-specific, neurol ogical/behavioural, immunol ogical

non- genot oxi ¢ carci nogenesi s, reproductive or devel opnental), it is

general ly considered that there is a dose or concentration bel ow which

adverse effects will not occur (i.e. a threshold). For other types of

toxic effects, it is assunmed that there is sone probability of harm at

any | evel of exposure (i.e. that no threshold exists). At the present

tinme, the latter assunption is generally applied primarily for
nmut agenesi s and genot oxi ¢ carci nogenesi s.

If a threshold has been assumed (e.g., for non-neoplastic effects

and non-genotoxi c carcinogens), traditionally, a |level of exposure

below which it is believed that there are no adverse effects, based on

a no-observed-adverse-effect |evel (NOAEL) (approxination of the

threshol d) and uncertainty factors, has been estimated. Alternatively,

t he magni tude by which the no (I owest)-observed-adverse-effect |eve

(N(L) OAEL) exceeds the estinated exposure (i.e. the "margin of
safety") is considered in light of various sources of uncertainty.
the past, this approach has often been described as a "safety

eval uation". Therefore, the dose that can be considered as a first
approxi mati on of the threshold, i.e. the NOAEL, is critical

I ncreasi ngly, however, the "benchmark dose", a nodel -derived estimte
(or its lower confidence linmt) of a particular incidence level (e.g.
59 for the critical effect, is being proposed for use in quantitative

assessment of the dose-response for such effects.

There is no clear consensus on appropriate nethodol ogy for the
ri sk assessnment of chemicals for which the critical effect nmay not

have a threshold (i.e. genotoxic carcinogens and germ cell mnutagens).

I ndeed, a nunber of approaches based | argely on characterization of
dose-response have been adopted for assessment in such cases.

Therefore, the critical data points are those that define the slope of

t he dose-response relationship (rather than the NOAEL, which is the
first approximtion of a threshold).

The third step in the process of risk assessment is the exposure

assessment, which has the aimof deternining the nature and extent of

contact with chem cal substances experienced or antici pated under
different conditions. Miltiple approaches can be used to conduct
exposure assessnents. Cenerally, approaches include indirect and
di rect techniques, covering neasurenent of environnental
concentrations and personal exposures, as well as bionarkers.
Questionnaires and nodels are al so often used. Exposure assessnent
requires the determ nation of the em ssions, pathways and rates of
noverrent of a substance and its transformati on or degradation, in
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order to estimate the concentrations to which human popul ati ons or
envi ronnental spheres (water, soil and air) may be exposed.
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Dependi ng on the purpose of an exposure assessnent, the nunerica

output nmay be an estimate of either the intensity, rate, duration or
frequency of contact exposure or dose (resulting anpunt that actually

crosses the boundary). For risk assessnents based on dose-response

rel ati onships, the output usually includes an estinmate of dose. It

important to note that the internal dose, not the external exposure
| evel, determ nes the toxicol ogical outconme of a given exposure.

Ri sk characterization is the final step in risk assessnent. It

is

is

designed to support risk nanagers by providing, in plain |anguage, the

essential scientific evidence and rational e about risk that they need
for decision-making. In risk characterization, estimtes of the risk
to human heal th under rel evant exposure scenarios are provided. Thus,

a risk characterization is an evaluation and integration of the

avai |l abl e scientific evidence used to estinmate the nature, inportance,

and often the magni tude of human and/or environnental risk, including

attendant uncertainty, that can reasonably be estimated to result from

exposure to a particular environmental agent under specific
ci rcumst ances.

The term "ri sk managenent” enconpasses all of those activities
required to reach deci sions on whether an associated risk requires
elimnati on or necessary reduction. R sk managenent strategies/or
options can be broadly classified as regulatory, non-regul atory,

econom ¢, advisory or technol ogical, which are not nutually exclusive.

Thus | egi sl ative mandates (statutory gui dance), politica
consi derati ons, soci oecononi c val ues, cost, technical feasibility,

popul ations at risk, duration and magnitude of risk, risk conparison

and possible inpact on trade between countries can generally be
consi dered as a broad panoply of elenents that can be factored into

final policy or rule making. Key decision factors such as the size of

t he popul ation, the resources, costs of neeting targets and the
scientific quality of risk assessnent and subsequent nanageria

deci sions vary enormously from one deci sion context to another. It
al so recogni zed that risk nmanagenent is a conplex multidisciplinary
procedure which is seldomcodified or uniform is frequently
unstructured, but which can respond to evolving input froma w de
variety of sources. Increasingly, risk perception and risk

is

conmuni cati on are recogni zed as i nportant elenents, which nust also be

consi dered for the broadest possible public acceptance of risk
managenent deci si ons.

Chem cal s have becone an indi spensabl e part of human life,

sustaining activities and devel opnment, preventing and controlling nany

di seases, and increasing agricultural productivity. Despite their
benefits, chemicals may, especially when m sused, cause adverse
ef fects on human health and environnental integrity. The w despread

application of chemicals throughout the world increases the potentia

of adverse effects. The growth of chemical industries, both in

devel oping as well as in devel oped countries, is predicted to continue
to increase. In this context, it is recognized that the assessnent and

managenment of risks from exposure to chenicals are anong the highest

priorities in pursuing the principles of sustainable devel opnment.
2. | NTRODUCTI ON

Despite the societal benefits that accrue fromthe use of
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chemical s, substantial potential hazards to health nay be associ ated

wi th exposure during the production, use or disposal of the
approxi nately 100 000 uni que chemicals or 4 nmillion mxtures,
formul ati ons and bl ends already in comrercial use or the severa

hundred new synt hetic chemi cals introduced each year (EC, 1990). This
nmonogr aph outlines the nature of the data available and their use in
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the assessnent of risk in a risk assessment/risk nanagenment framework

It is hoped that scientists, risk assessors and health ri sk nmanagers

will find this nonograph hel pful to decision-making in this area.

A number of national and international organizations and agencies

have devel oped gui dance on assessnent of exposure and various health
end-points (e.g., carcinogenicity, devel opnental toxicity, etc.). It
is not the purpose of this nonograph to endorse particul ar approaches

but rather to acquaint the reader with rel evant nethodol ogy and i ssues

for consideration.

It is also hoped that the reader will find this nonograph usefu
in the interpretation of risk assessnents on specific chenicals. The

reader is referred to such sources for chemnical -specific hazard
identification and, depending on the nonograph, dose-response
information. A list of assessments produced by various national and
i nternational agencies is included in ECETOC UNEP (1996). These

sources do not, of course, provide the exposure informati on necessary

to characterize risk at the local level. Since exposure will vary
consi derably under different circunstances, responsible authorities
are strongly encouraged to characterize risk on the basis of |oca

neasured or predicted exposure scenarios. It is hoped that the genera

approaches to exposure assessnment described in this nmonograph wll
assist the reader in characterizing risk in specific situations.

In the chapters of this nonograph, the follow ng four distinct
and essential conponents of the risk assessnent paradi gmare
addr essed:

(1) hazard identification - identification of the inherent
capability of a substance to cause adverse effects;

(2) assessment of dose-response rel ationships involves

characterization of the relationship between the dose of an agent

adm ni stered or received and the incidence of an adverse effect;

(3) exposure assessnent is the qualitative and/or quantitative
assessnment of the chem cal nature, formand concentration of a
chemical to which an identified population is exposed from al
sources (air, water, soil and diet);

(4) risk characterization is the synthesis of critically eval uated

i nformati on and data from exposure assessnent, hazard
identification and dose-response considerations into a sunmary
that identifies clearly the strengths and weaknesses of the
dat abase, the criteria applied to evaluation and validation of

all aspects of nethodol ogy, and the concl usions reached fromthe

review of scientific information

The | ogi cal consequence of the process of assessnent of potentia

risk is the application of the information to the devel opnent of
practical measures (risk management) for the protection of hunman
heal t h. Al though not the principal focus of this nonograph, the

i mportance of clear understandi ng and comuni cation of the nature and
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limtations of the scientific basis for risk assessnent in risk
managenent is addressed in the final chapter

In Appendi x 1 to this nonograph, an exanple of a hazard
i dentification schene for carcinogenicity, devel oped by the

I nternational Agency for Research on Cancer (1ARC), is presented. In

Appendi x 2, the currently avail able and draft guidelines of the
Organi sation for Econom c Cooperation and Devel opnment (CECD) for
testing of chemicals are presented. For sanple exposure and risk
characterizations, readers are referred to | PCS (1994).

3. HEALTH HAZARD | DENTI FI CATI ON

3.1 Introduction
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The purpose of hazard identification is to evaluate the weight of

evi dence for adverse effects in humans based on assessnent of al
avai |l abl e data on toxicity and node of action. It is designed to
address primarily two questions: (a) whether an agent may pose a
heal th hazard to humans, and (b) under what circunstances an

identified hazard may be expressed. Hazard identification is based on

anal yses of a variety of data that may range from observations in
humans to analysis of structure-activity relationships.

In hazard identification, the weight of evidence is assessed on

t he basis of combined strength and coherence of inferences
appropriately drawn fromall of the available data. This entails
ri gorous exam nation of the quantity, quality and nature of the
results of avail abl e toxicol ogi cal and epi deni ol ogi cal studies and

structure-activity analyses and information on nechanisns of toxicity.

The latter is particularly inportant with respect to assessment of
rel evance to hunmans.

Several classification schemes provide a framework for assessnent

of the wei ght of evidence for various toxicol ogical end-points (DFG

1972; 1 PCS, 1986 (neurotoxicity); US EPA, 1986a, 1996a; |ARC, 1987

EC, 1992; Health Canada, 1994; |PCS, 1996 (inmunotoxicity); |IPCS, 1997
(del ayed hypersensitivity)). An exanple (the I ARC schene) is presented

in Appendix 1 to illustrate the nature of criteria on which
classification of weight of evidence is based. Such classification
schenmes have been hel pful in standardizing and conmunicating the
assessment of hazard identification for particular end-points. In
addition to the classifications thenselves, narrative statements to
summari ze the nature of and confidence in the evidence based on

[imtations and strengths of the database are hel pful. Issues that are

of ten addressed include: the nature, reliability, validity and

consi stency of data on response in humans and in | aboratory ani mals,
current know edge of the nechanistic basis for the response, and, in
t he absence of human data, the rel evance of responses in experinental

ani mal s to hunmans.

The result of the hazard identification exercise is a scientific

judgenent as to whether the chem cal can cause an adverse effect in
humans.

The following is intended to provide the reader with an
appreci ation of the conplexity of considerations nade in assessing

different types of data as a basis for hazard identification in risk
assessment. Fundanental s of epidem ol ogy and toxicity testing are not
addressed here since they are considered in several other sources. An
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Envi ronnental Health Criteria nmonograph on the principles of exposure

assessnment is currently in preparation (IPCS, in preparation).

Each source of information (e.g., hunman data, aninal data,

structure-activity relationships) has its advantages and limtations

in contributing to an assessnent of weight of evidence, but,
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col lectively, they permt characterization of potential adverse health

ef fects.
3.2 Human data

Wl | - docunent ed observational and clinical epideniologica

studi es have the clear advantage over studies in animals in providing

the nost relevant information on health effects in the species of
interest, thus avoiding extrapolation fromaninmals to humans. In

addi ti on, epideniol ogi cal studies can address hazards to which humans

are exposed in their natural environment, in the presence of
concomtant risk factors such as diet and snoking.

Human popul ati ons are heterogeneous in their conposition, and
studi es of exposed popul ations are likely to include individuals of
differing susceptibility to the chenmical of interest. This may be
vi ewed as an advantage relative to toxicol ogical studies, which
i nvol ve genetically honbgeneous popul ati ons of test aninals.

The dat abase for direct hazard identification in human
popul ations consists primarily of observational (epidemni ol ogical)
studi es and case reports. Sone infornmation is also available from
et hically conducted human vol unteer studies.

In observational studies, the investigator does not contro

assi gnment of study subjects to either exposed or non-exposed groups.
Rat her, such studi es involve investigation of various individuals or

groups of subjects as they happen to have been exposed, and at no
stage of the study is the exposure of subjects influenced by the

research protocol. Although exposure scenarios are nore realistic than
those in the experinental setting, owing to their observational nature

it is often difficult to control for "confounding factors", which nmay

be contributing to the etiol ogy of the disease being investigated. For

exanpl e, variations in snmoking between groups may confound
i nterpretati on of observations concerning |lung cancer

Et hi cal experinental studies in human volunteers offer the

advant age of being better able to control for confounding factors. The

assi gnment of study subjects to exposure groups is nade by the

i nvestigator, who also controls the quality and quantity. Although
such investigations are generally reliable for the establishment of
both causality and exposure-response rel ati onshi ps, they are nost
often restricted for ethical reasons to the exam nation of nild

temporary effects (e.g., neurobehavioural or biochenical changes) of

short-term exposures in a |imted number of subjects. They have
contri buted considerably, particularly to our understanding of
kinetics and to the devel opnent of air quality guidelines and
standards for traditional pollutants.

Case reports describe a particular effect in an individual or
group of individuals who were exposed to a substance and often

observed by a single physician or group of physicians. These reports
are often anecdotal or highly selected in nature. Oning primarily to

their lack of statistical stability, they are of linited use for
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hazard assessnent, though hel pful in generating hypotheses for further
study. However, reports of cases of the disease or effect of interest
can identify associations, particularly when there are uni que features
such as an association with a rare disease or effect of interest

(e.g., vinyl chloride and angi osarcona or nethyl mercury and M namat a
di sease).

The maj or types of epidem ol ogical (observational) studies are
anal ytical and descriptive or correl ational studies. Each study type
has wel | -known strengths and weaknesses that affect interpretation of
study results (Lilienfeld & Lilienfeld, 1979; Mausner & Kraner, 1985;
Kel sey et al., 1986; Rothman, 1986). Anal ytical epideni ol ogica
studies (that is, cohort and case-control studies), in which exposure
and outcone are exam ned in individuals rather than in popul ations,
are generally nost reliable in hazard identification as a basis for
ri sk assessment since it is possible to adjust nore rigorously for
confoundi ng factors. The assessnent of results of such studies is
based on several features of study design including estinmation of
exposure, the role of confounding variables and the neasurenent of
outcome. Potential linmitations, depending upon the nature of the
design, include lack of information on exposure, insufficient sanple
size, short length of follow up and potential bias and confoundi ng.
These factors may limt the useful ness of particular studies for the
pur poses of risk assessnent.

Epi demi ol ogi cal data denonstrating dose-response, if avail able,
provi de an advant ageous basis for analysis, since concerns about
i nter-species extrapolation do not arise. Adequacy of human exposure
data for quantification is an inportant consideration in deciding
whet her epi dem ol ogi cal data are the best basis for analysis in a
particul ar case. |f adequate exposure data exist in a well-designed
and wel | -conduct ed epi dem ol ogi cal study that detects no effects, it
may be possible to obtain an upper estimate of the potential hunan
risk to provide a check on plausibility of avail able estinates based
on ani mal tunour or other responses (e.g., do confidence linits on one
overlap the point estimate of the other?) (Stayner & Bailer, 1993; US
EPA 1996a) .

3.2.1 Criteria for establishing causality

The first step in the evaluation of results of studies in humans
as a basis for hazard identification is the assessnent of the
i ndi vidual results of each separate report. The strengths and
weaknesses of each study nust be considered along with potential for
t he exi stence of bias (Gehl bach, 1982), with particular attention to
exposure data, criteria for definition of health outcone under study,
the size of the study popul ation and the statistical power of the
anal ysis to detect adverse health effects. A set of standardized

criteria for assessing the weight of evidence of causality based on
assessment of the database has been devel oped (HiIl, 1965; Susser
1977).

Studies in which there is an apparent absence of evidence for a
hypot hesi zed causal rel ationship between exposure and effect
("negative studies") need to be interpreted carefully (Hernberg,
1980). Such studi es should be evaluated for dilution (the inclusion of
unexposed people in an all egedly exposed group of persons),

m scl assification (Copeland et al., 1977), omi ssions, or premature
exam nati on of subjects for diseases that may have | ong induction
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(latency) periods. In addition, the statistical power of the study,
i.e. the probability that the study will be able to denonstrate the
presence of an effect, such as excessive disease or nortality, in a
popul ation if the effect is actually present (Beaunont & Breslow,
1981), nust be assessed.

There is no clear-cut criterion to distinguish positive from
negative studies. Although statistical significance has often been
used as the criteria, nost epidem ologists believe that it is overly
sinplistic to base decisions on arbitrary probability val ues (Rothman,
1986) . For exanple, when a study fails to detect a statistically
significant effect, this may sinply reflect inadequate sanple size or
ot her aspects of study design. Conversely, when the results of a study
are statistically significant, the seenmngly positive results may
still be due to confounding or even chance.

A positive association between an agent and an effect may be
interpreted as inplying causality, to a greater or |esser extent, if
the following criteria are net: (a) there is not identifiable positive
bias; (b) the possibility of positive confoundi ng has been consi dered;
(c) the association is unlikely to be due to chance alone; (d) the
association is strong; and (e) there is a dose-response relationship
(IARC, 1990). The following criteria for inferring causality fromthe
results of epidem ol ogi cal studies have been devel oped by Hill (1965):

(a) The strength of the association as neasured by the relative risk

In general, epideniologists have nore confidence in their results
when the magnitude of the relative risk is large. However, relative
ri sks of small nmagnitude do not necessarily inply lack of causality
and may be inmportant if the disease under study is comon (I ARC
1990). In evaluating relative risks, it is inportant to note the
actual nunbers of observed and expected cases.

(b) The consistency of the association

The case for causal inference is strengthened by repetition of
findings "by different investigators, in different places,
circunstances and tines" (Hill, 1965). The reproducibility of findings
constitutes one of the strongest arguments for the exi stence of
causality. If there are discordant results anong investigations,
possi bl e reasons such as differences in exposure should be considered

in assessing the results, and data from studi es judged to be of high
quality given greater weight than data from studi es judged to be
nmet hodol ogi cal Iy | ess sound (I ARC, 1990).

(c) The tenporal relationship between cause and effect

This principle may be sinply restated as exposure nust precede
illness. When latency is a factor, exposures mnmust have occurred
sufficiently early to have produced an effect by the tine of the
st udy.

(d) The biol ogical gradient of the association
The evidence for causality is strengthened when the risk of
di sease is shown to increase with | evels of exposure. Because there

are many possi bl e reasons that an epi dem ol ogi cal study may fail to
det ect an exposure-response relationship (e.g., poor exposure data,
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| ack of adequate exposure gradient), the absence of a dose-response

rel ati onship does not necessarily inply that the relationship is not
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causal (1 ARC, 1990). Strong evidence for causality is provided when a

change in exposure brings about a change in disease frequency
(Hernberg, 1980), e.g., the decrease in risk of lung cancer that
foll ows cessation of snoking (Doll & Hill, 1956).

(e) the specificity of the association

A highly specific association is one in which the di sease under
study is only induced by a particular agent. Specificity of cause is

commn in infectious diseases but | ess conmmon in chronic di seases that
often have a nmulti-factorial etiology. However, a specific association

may be observed for certain chronic diseases such as between exposure

to crocidolite asbestos and nesothelioma or vinyl chloride and
angi osarcoma. Although the presence of specificity seens to inply
causality, its absence does not exclude it (Fralick, 1983).

(f) biological plausibility of the association

Hill (1965) stated strongly that a proposed causal relationship

shoul d not seriously conflict with know edge of the biology and

pat hophysi ol ogy of a di sease under study. An epideni ol ogi cal inference

of causality may be strengthened by data from experinmental studies

showi ng consi stency w th biological mechani snms. For exanple, exposure
to ionizing radiation causes cancer in many ani mal species. However,

the I ack of mechanistic or positive animal bioassay data to support an

associ ati on observed in an epidem ol ogical study is not, in itself,
sufficient reason to reject causality.

3.3 Animal studies

Owing to the |Iack of adequate epidemni ol ogical data for nost

subst ances, toxicological studies in animl species play an inportant

role in hazard identification for risk assessnment. Toxicity studies

vary wi dely in purpose, design and conduct, and range fromrelatively

wel | -standardi zed and wi dely accepted test nmethods for assaying
various types of toxicity to large nunbers of basically

research-oriented investigations enploying specialized study designs.

The desi gn, conduct and conpl et eness of reporting of experinmenta
findings in toxicological studies on namalian species are of critica

importance in determning the validity and rel evance of results.

Toxi col ogi cal results from adequate ani mal systens signal anticipated
effects in humans. Thus, negative results cannot be assessed from an

i nadequat e study, and full evaluation of a positive effect is

conf ounded by inconplete reporting frompoorly designed or poorly
conducted studi es. However, positive findings cannot be ignored.

St udi es shoul d be of good scientific quality and foll ow standard
gui del i nes and recogni zed good | aboratory practices (G.Ps) wherever
possi bl e.

Informati on on the design of specific bioassays, including those
t hat address acute, short-term sub-chronic, chronic and devel opnment a
and reproductive toxicity, inmunotoxicity and carcinogenicity, are not

presented here but are available in test guidelines, for which
principles of GLP are also specified (I ARC, 1986; OECD, 1987, 1998;

Chhabra et al., 1990). A list of currently avail able OECD Cui delines

is included in Appendix 2. In this section, exanples of factors to be
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taken into account in assessing these various aspects of study design
for hazard identification are described.

Maj or end-points in toxicity studies can be grouped into the
foll owing categories (IPCS, 1987a):

* Functional manifestations (weight |oss, |laxative effects, etc.);
* non- neopl astic | esions wi th norphol ogi ca

mani f est ati ons/ organ-directed toxic effects;
* neopl asti c/ carci nogeni ¢ mani f estati ons.

In addition, a nunmber of specific end-points may require targeted
testing strategies. Such end-points include skin and eye irritation
reproducti ve/ devel oprmental mani festations, inmunotoxicity and
neurotoxicity (including neurodevel opnental effects).

It is inmportant to recognize that there are two types of data
generated in such studies; those in which response is graded, such as
enzyme inhibition (i.e. continuous data), and those in which the
response occurs or does not occur in a single animal, such as a
particul ar tunour (i.e. quantal data).

In assessing the rel evance of various toxicological studies to
hazard identification and risk assessnent, several features of study
design are considered, including the purity of the conmpound
admi ni st ered, physico-chenical properties (volatility, stability,
solubility), homogeneity of distribution in inhalation experinents,
the size of the study (i.e. the nunber of exposed and control

ani mal s), whether the study adhered to the principles of GLP, the

rel evance of the route of exposure to that of humans, duration of
exposure, the number and suitability of the dose |evels adninistered,

t he extent of exani nation of various toxicological end-points and the
statistical analysis of the data. The types, site, incidence and
severity of effects and the nature of the exposure- or dose-response
relationship are also taken into account. \Were data indicate that
there are significant differences in absorption, distribution

net abol i sm and elinination of the conpound in different anim

speci es, wherever possible, studies in which the species and strain of
animal are nost simlar to Honp sapiens in this regard are used
(where relevant hunan data are avail able). The consistency of the
results of the principal studies are also considered in the assessnent
of the weight of evidence for an effect (e.g., whether simlar effects
have been observed in studies in other species or whether such effects
woul d have been expected based on the structure or properties of the
chem cal).

For exanple, the size of each exposure and concurrent contro
group should be | arge enough for thorough toxicol ogical and
statistical evaluation. The nunber of animals considered sufficient
depends on the variability, sensitivity and nature (e.g., quantal or
continuous) of the end-point being evaluated. For exanple, it is
comonly 50 per group in carcinogenicity bioassays where the responses
of interest are quantal in nature and 10 per group in subchronic
studi es, where many of the exam ned end-points are continuous.

Studies in which the route of exposure is sinmlar to that of
humans are nmost relevant to hazard identification for risk assessnent.
For substances of low toxicity, it is inportant to ensure that when
adnmi nistered in the diet, the quantities of the substance do not
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interfere with normal nutritional needs.

St udi es desi gned and conducted with 3-5 dosed groups plus a
vehicle control group of animals will yield reasonabl e dose-response
data relevant to hazard identification. The highest concentration of
t he chem cal should be one that induces a recognizable effect in the
ani mal s such as changes in body or organ wei ghts, enzyne changes or
m nor histol ogi cal changes. Changes such as nortality, gross
pat hol ogi cal changes, and painful or stressful conditions should be
avoi ded as they may confound the results of the study and nay not be
in conpliance with national and | ocal aninmal welfare regul ations.

I nternedi ate dose(s) should be targeted to produce nmininally
observabl e toxic effects. Dose | evels should be selected to produce
graded responses; too large intervals may conplicate accurate
estimations of the |owest-observed-effect level (LOEL). Ideally, the
| owest dose shoul d not denmonstrate any toxicity (e.g., a NOAEL).

To assess fully the toxicological potential of a chemical for
| ocal and systenic effects, all major organ systens should be exam ned
for dose-related effects and adverse effects in various organs shoul d
be eval uated and descri bed.

3.4 In vitro studies

I solated cells, tissues and organs can be prepared and maint ai ned
in culture by nethods that preserve their in vivo properties and
characteristics. Increasing concern about the ethics of aninal
experinmentation has served to catalyse efforts |leading to the possible
repl acenent or reduction in the use of animals, and the refinenent of
test methods to mninize the stress and suffering to animls (ECETOC,
1989; Cel bke, 1993). In vitro testing contributes particularly to
t he assessnment of genotoxicity, pernitting a decision concerning the
need for further testing.

Over the last decade, in vitro tests have been proposed as a
pre-screen or as an alternative nethod for other end-points, such as
prenatal toxicity, eye irritation, dermal irritation, tumour pronotion
and target organ toxicity (Purchase, 1986; Tennant et al., 1987
Ander son, 1990; Frazier, 1993; Atterwill, 1995). There has been
particul ar enphasis on validation programmes for skin and eye
irritation, but nost of the tests nmentioned above have not yet been
sufficiently validated and the results of validation studies,
especially in the past, have been lacking in consistency. The results
have failed to neet the need for reproducibility and high correlation
ideally with sound human data but usually, for practical reasons, with
exi sting aninmal tests, which they are intended to repl ace.

Aspects that are inportant in assessing the adequacy of
in vitro studies include:

* t he range of exposure levels, taking into account the toxicity of
the substance in the bacterial/cells, its solubility and, where
appropriate, its effects on the pH and osnolality of the culture
medi um

* whet her, in the case of volatile substances, precautions were
taken to ensure the nmmi ntenance of effective concentrations of
t he substance in the test nedium

* whet her (when necessary) an appropri ate exogenous netabolism mi x
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(e.g., S9 frominduced rat or hanster liver) was used;

* whet her appropriate negative and positive controls were included;
and
* whet her there was an adequate nunber of replicates (within the

tests and of the tests).

Clearly, greater mechanistic understanding would facilitate
moving frompurely enpirical/correlative approaches to nore
nmechani stic-based tests. This is likely to facilitate greatly the
chances of adequate validation and acceptance of alternatives for
regul atory purposes.

3.5 Structure-activity rel ationships

Wher e epi deni ol ogi cal and toxicol ogi cal data are not avail abl e,
the use of structure-activity relationships (SARs) nmay be consi dered.
SARs are based on the assunption that chenical substances that reach
and interact with target sites by the sane nechanismdo so as a result
of their simlar chenical properties.

At present, SAR techniques, particularly those of a quantitative
nature, are not well developed in relation to manmmalian toxicity. They
are primarily of value in predicting toxicokinetic properties and in
priority setting for research and eval uati on

4. DOSE- RESPONSE
4.1 |Introduction

Approaches to quantification of dose-response vary according to
t he scope and purpose of assessnments. However, for npbst types of toxic
effects (i.e. organ-specific, neurol ogi cal/behavioural, imunol ogical
non- genot oxi ¢ car ci nogenesi s, reproductive or devel opnental), it is
general |y considered that there is a dose or concentration bel ow which
adverse effects will not occur (i.e. a threshold). For other types of
toxic effects, it is assumed that there is sone probability of harm at
any |level of exposure (i.e. that no threshold exists); this currently
applies primarily for nutagenesis and carci nogenesis. Sone have
restricted the non-threshold assunption to genotoxic carcinogens.

The distinction in approaches for genotoxic carcinogens and ot her
types of toxic effects is based prinmarily on the prenise that sinple
events such as in vitro activation and coval ent bindi ng nay be
i near over many orders of magnitude. Though it is not possible to
denonstrate experinmentally the presence or absence of a threshold,

di fferences in approach to the dose-response assessnent of genotoxic
ver sus non-genot oxi ¢ carci nogens have been adopted in some countries.
However, sinple pragmatic distinction on this basis is increasingly
problematic. For exanple, it is likely that there are thresholds for
aneugeni ¢ genotoxic effects.

If a threshold has been assumed (e.g., for non-neoplastic effects
and non-genotoxi c carcinogens), traditionally, a |level of exposure
bel ow which it is believed that there are no adverse effects, based on
a no-observed-adverse-effect |evel or NOAEL (approxinmation of the
threshol d) and uncertainty factors, has been estinmated (section 4.3).
Alternatively, the nagnitude by which the N(L) OAEL exceeds the
estimated exposure (i.e. the "margin of safety"), is considered in
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[ight of various sources of uncertainty (Comni ssion Regul ation (EC)

Page 26 of 91

No. 1488/94; Council Regulation (EEC) 793/93) (EC, 1993, 1994). In the

past, this approach has often been described as "safety eval uation”

Therefore, the dose that can be considered as a first approxi mati on of
the threshold, i.e. the NOAEL, is critical. Increasingly, however, the

"benchmark dose", a nodel -derived estimate (or its | ower confidence
limt) of a particular incidence level (e.g., 5% for the critica
effect, is being proposed for use in quantitative assessnent of the
dose-response for such effects.

At present, there is no clear consensus on appropriate
nmet hodol ogy for the risk assessnent of chenicals for which the

critical effect may not have a threshold (i.e. genotoxic carcinogens
and germcell nmutagens). |Indeed, a nunber of approaches based |argely
on characterization of dose-response have been adopted for assessnent
in such cases (section 4.4). Therefore, the critical data points are
those that define the slope of the dose-response relationship (rather

than the NOAEL, which is the first approxi mation of a threshold).

In North America and some European countries, cancer risks have

traditionally been assessed by mathematical nodelling of the
dose-response data in the observable range to estimate the risk at

much | ower hunan intakes or exposures (low dose risk extrapol ation).

It should be noted, however, that quantitative estimtion of such

ri sks, particularly those orders of nmagnitude bel ow t he experinenta

range (i.e. low dose risk estimation), is uncertain. OnMng to this

uncertainty, sone countries have chosen not to adopt this approach as
the basis for their regulatory actions for genotoxic carcinogens, and

other countries are increasingly adopting alternative nmeasures of
dose-response. In Canada and the USA, for exanple, there is,

currently, increasing reliance on specification of the nmargin between
potency in the experinmental range and exposure as the neasure of risk

for carcinogens (Health Canada, 1994; US EPA, 1996b). In the United
Ki ngdom dose-response for genotoxic carcinogens is not quantified;
instead the goal in risk managenent is to elimnate exposure or to
reduce levels to as low as is reasonably practical (UK DOH, 1991).

Owing to the increasing reliance on nodelling in the experinenta

range to characterize dose-response for tunmours, which is essentially
simlar to the benchmark dose being used increasingly to characterize
dose-response for non-neoplastic effects, approaches to quantitative

risk estimation for carcinogenic and non-neoplastic effects are
conver gi ng.

4.2 Considerations in dose-response assessnent

4.2.1 Introduction

In considering toxic effects at various dose levels, the dose range of

interest is generally the | owdose range, since it usually reflects
t he human exposure situation. Oten, however, data on dose-response

are avail able for higher doses only, and are often derived from ani na

experiments only. Therefore, the uncertainty in the dose-response
assessment is larger than the uncertainty in hazard identification

as

it requires extrapolation both fromaniml to human and from hi gh-dose

to |lowdose levels. In certain instances, a distinction is nade

bet ween response and effect, with a response being quantal and counted

(e.g., the incidence of a tunour) and an effect being graded and
nmeasured (e.g., relative liver weight).

http://www.inchem.org/documents/ehc/ehc/ehc210.htm

6/1/2007



Principles for the Assessment of Risks to Human Health from Exposure to Chemicals (... Page 27 of 91

4.2.2 Inter- and intra-species considerations
4.2.2.1 Introduction

The strains and species of |aboratory aninmals exposed in toxicity
studi es have been selected to show m ni numi nter-individua
variability. In contrast to laboratory aninals, hunans represent a
very heterogeneous popul ation with both genetic and acquired
diversity.

Therefore, two principal areas are considered when interpreting
data on toxicity acquired in animal species in relation to human risk

a) I nter-species consideration: conparison of the data for animals
with a representative healthy human. Species differences result
fromnmetabolic, functional and structural variations.

b) Intra-species or inter-individual consideration: conparison of
the representative healthy human with the range of variability
present within the human population in relation to the rel evant
parameter(s).

For each of these areas, there are two aspects to be considered
in assessing risk, i.e. toxicokinetics (the delivery of the conpound
to the site of action) and toxicodynam cs (the inherent sensitivity of
the site of action to the chemical). Any approach that allows for the
i ncorporation of adequate data on toxicokinetic or toxicodynamc
di f ferences between test animal and humans, or between different
humans, will increase the scientific validity of risk assessnent.

Sources of inter-species and inter-individual variations in
t oxi coki netics include differences in anatony (e.g., gastrointestina
structure and function), physiological function (e.g., cardiac output,
renal and hepatic blood, glonerular filtration rate and gastric pH)
and bi ochemi cal differences in, for exanple, enzynmes involved in
xenobi otic netabolism Sources of inter-species and inter-individua
di fferences in toxicodynanics (or inherent sensitivity) also include
anatony. For exanple, the effect nay occur in an organ of questionable
rel evance to hunmans, such as the rodent forestomach. Physiol ogica
di fferences, such as the hornonal control of the target organ, and
bi ocheni cal differences, e.g., species differences in key biochem ca
conponents such as al pha2u-globulin, may also play a role (Flamm &
Lehman- McKeeman, 1991).

In sonme cases, it may be possible to conclude that effects
detected in aninals are unlikely to be relevant to humans. In other
cases, there may be data to indicate that humans are likely to be nore
or less sensitive than aninmal species; this information is inportant
for consideration in selection of critical effects.

I f conpound-specific toxicokinetic data are introduced into risk
assessnent, then it is essential that these are related to the
speci es, protocol and active chemical entity (e.g., parent conmpound or
nmetabolite) involved in the toxicity that is the basis for the hazard
identification (Monro, 1990, 1993; Renw ck, 1993a).

4.2.2.2 Species differences

Met abol i sm and structural /functional variations are both
i mportant determ nants of species differences. Conmon areas of
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met abol i ¢ variati on between species are digestive tract enzynes,
| evel s of circulating enzynes, |iver enzynes and detoxification
processes.

I n extrapol ati ng between species, three aspects need to be
considered: the first relates to differences in body size, which
requi res dose normalization or scaling (often done by expressing the
dose per kg body weight). The second relates to differences in
t oxi coki netics, particularly bioactivation and/or detoxification
processes. The third aspect concerns the nature and severity of the
target for toxicity. Inter-species normalization (or scaling) is
general |y based on physical characteristics (e.g., body weight, body
surface area), although occasionally it is based on caloric denmand or
where there are data in four species, nultiple species regression

VWhen cl earance of the parent substance is linmted by enzyne
activity rather than blood flow or when netabolites are the toxic
agents, nore sophisticated physiologically based pharmacoki netic
nodel s are nore appropriate, provided that adequate data are
avail able. Currently, such data are available for only a small nunber
of substances.

4.2.2.3 Human variability

Al t hough data from ani mal studies nay provide linmted information
on inter-individual variability within the test species, it is the
greater potential variability in the human popul ation that nust be
addressed in risk assessment. Sources of inter-individual variability
i n human popul ati ons include, for exanple, variations in genetic
conposition, nutrition, disease state and lifestyle.

Inter-individual variability may occur in both the toxicokinetics
of the chem cal and the sensitivity of the target for toxicity.

4.3 Non-neoplastic (threshold) effects

Al t hough specific aspects vary, conparabl e schenes have been
devel oped by various national and international agencies and
organi zations to derive |evels of exposure considered to present
m nimal or no risk for non-neoplastic effects to the genera
popul ati on. These include: Reference Dose/ Concentrations (US
Envi ronnental Protection Agency), Tolerable Daily
I nt akes/ Concentrations (Health Canada), Mnimal Ri sk Levels (US
ATSDR), Tol erabl e/ Acceptable Daily Intakes (IPCS, 1987a,b, 1990a, b,
1994). In evaluating dose-response for non-neoplastic effects, the
Eur opean Uni on does not derive tolerable intakes; instead effect
| evel s are conpared to estinmated exposures ("margin of safety").

In the case of substances for which the critical effect is not
carcinogenicity, it is generally assunmed that there is a |l evel of
exposure bel ow which the probability for an adverse effect to occur is
mnimal, if not zero (i.e. a threshold). The nmechani sm underlying this
assunption is that multiple cells (or cell conponents) nust be
irreversibly injured before an adverse effect becones evident, and
that cellular defence and repair mechani snms are overwhel ned by the
rate at which injury occurs.

4.3.1 Characterization of threshold

For toxic effects, other than heritabl e nmutati ons and genotoxic
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carci nogenicity, considered to have a threshold, i.e. a dose bel ow
whi ch there woul d be no detectable effect, a nunber of different
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estimates may be used as an approxi mati on of the biological threshold.

4.3.1.1 No-observed-adverse-effect |evel (NOAEL)

This is a sinple estinmate of the highest dose in which the
i nci dence of a toxic effect or change in target organ wei ght,
hi st opat hol ogy etc., was not significantly different fromthe
untreated group (froma statistical and biological assessnent). It
based on toxic effects of functional inmportance or pathol ogica
significance rather than adaptive responses, and is defined as the

hi ghest observed dose or concentration of a substance at which there

is no detectable adverse alteration of norphol ogy, functiona

is

capacity, growh, developrment or life span of the target (IPCS, 1994).

The NOAEL will depend on the sensitivity of the nethods used, the
sizes of the exposed groups and the differences between estimated

exposures or doses. The NOAEL is an observed val ue which does not take

into account the nature or steepness of the dose-response curve.

I n consequence, the NOAEL is not the sane as the biol ogica
threshol d and may either underestinate or overestinmate the true

no-effect |evel. Though such linitations are recogni zed and have been

the basis for criticismof the use of the NOAEL (Leisenring & Ryan
1992; Cal abrese & Bal dwin, 1994), dose-response rel ationships are

often so poorly characterized that the NOAEL or LOAEL is the only

guantitative value available as the basis for characterization of

dose-response.

4.3.1.2 Benchnmark dose/concentration

This is an alternative nmethod of defining the | ower end of the
dose-response curve in the area of the observed threshold

(Crunmp, 1984). The benchmark dose is the effective dose (or its |ower
confidence linmt) that produces a certain increase in incidence above

control levels (e.g., 1% or 5% of the naxi numtoxic response). The

benchmark dose is derived by nodelling the data in the observed range
and selecting the point on the curve (or its upper confidence linit)
corresponding to a specified increase in the incidence of an effect.

Any nodel that fits the enpirical data well is likely to provide a
reasonabl e estimate of the benchmark dose, and choi ce of the nodel

not be critical since estimation is within the observed dose range.
The advant ages of the benchnmark dose are that it takes into account

nmay

the sl ope of the dose-response curve, the size of the study groups and
the variability in the data. It should be recognized that unless there

are a sufficient nunber of dose |evels at which effects have been
observed, the benchmark dose/concentration offers little advantage
over effect levels as an approxi mation of the biol ogical threshold.
Statistical nodelling of continuous data as a basis for devel opi ng
benchmar k doses/concentrations is also currently problematic.

4.3.1.3 Lowest-observed-adverse-effect |evel (LOAEL)

In some studies, there is a significant effect conpared to
controls in the | owest dose group. In such cases, there is no NOAEL

and an alternative approach nust be adopted. These include estimation
of a benchmark dose or threshold estimate (if the dose-response data

approach zero response) or application of an additional uncertainty
factor.
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4.3.2 Uncertainty factors

In deriving tolerable intakes (or RFDs or ADIs), the N(L)QAEL or

benchnar k dose/ concentrations are divided by uncertainty factors to
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account for variabilities and uncertainties. Principal factors applied
relate to extrapol ation from animal studies to the human situation and

to inter-individual variability within the response for the human

popul ation. Traditionally, default factors of 10 have been applied to
account for each of these variations. Additional uncertainty factors
have been applied to account for the inadequacy of the database, for

extrapol ati on from subchronic to chronic exposure and from LOAEL to
NQAEL, and for the severity of a given effect.

Knowl edge of actual inter-species differences and
inter-individual variability in the biokinetic behaviour of a given

conpound (toxicokinetics) and its target organ (toxicodynam cs) woul d

enabl e the devel opment of full biologically based dose-response nodel s

or physiol ogically based pharnacoki netic nodels. In the absence of

full biological understandi ng, several approaches have been devel oped

to incorporate as much scientific information as possible in the

devel opnent and application of uncertainty factors. |Indeed, a forma

approach to the devel opment of data-derived uncertainty factors has

been devel oped by Renwi ck (1993a,b) and proposed by I PCS (I PCS, 1994).

It is presented here as an exanple of a flexible but structured
approach to the selection of uncertainty factors which reflects the
nature and extent of the database (Lewis, et al., 1990; Renwi ck,
1993b) .

The schene retains the two 10-fold default uncertainty factors

(for inter-species and inter-individual variation) as the cornerstone

of the structure, in the absence of specific and rel evant data on
t oxi coki netics or nechani smof action (Renw ck, 1993a). However, it
allows for the division of the two default uncertainty factors (for

inter- and intra-species variation) to account for toxicokinetics and
t oxi codynami cs. The default conponents of these two factors can then
be replaced by actual quantitative data, when avail able. This reduces

the extent of uncertainty by allow ng the incorporation of appropriate

data on the conpound of interest in one or both of these aspects,

where they exist (Fig. 1). There would be very few databases in which
adequate information was avail able to account quantitatively for both

aspects of either inter-species or of inter-individual differences.
I ncorporation of data on one aspect only (e.g., inter-species

t oxi coki netics) requires the use of a default factor for the
uncertainty associated with the remaini ng undefined aspect (e.qg.
i nter-species toxicodynamni cs).

Uncertainty factors often address:

a) Nature of toxicity

Sone bodies, e.g., the FAOQ WHO Joi nt Meeting on Pesticide
Resi dues (JMPR), have used an additional "safety factor" in cases

where the NOAEL is derived for a critical effect that is a severe and

i rreversi bl e phenonenon, such as teratogenicity or non-genotoxic
carcinogenicity, especially if the dose-response relationship is

shal l ow (1 PCS, 1987a,b, 1990a,b). This additional factor (of up to 10)
has been applied in such cases to provide a greater margi n between the

i nt ake/ exposure of any particularly susceptible humans and the
dose-response curve for such toxicity denonstrable in animals.
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However, for other types of toxic effect, for exanple, changes in

organ wei ght or histopathol ogy, a value of 1 (no further correction)

woul d be appropri ate.

b) Adequacy of the database
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A mni mum dataset that is considered adequate for risk assessnent

is generally established. This will vary according to the purpose of

the assessnent (e.g., screening level or full). Additiona

deficiencies in a toxicity database that increase the uncertainty of
t he extrapol ati on process have al so been recogni zed by the use of an

additional uncertainty factor. A value of 1 would be applied to an
appropriate and conpl ete database, but a higher factor would be
consi dered necessary for barely adequate databases.

c) LOAEL to NOAEL extrapol ation

In situations where a NOAEL has not been achi eved but data are of

sufficient quality to be the basis of the risk assessnment, then an

extra uncertainty factor nay be applied (Dourson & Stara, 1983). The

magni tude of this factor (e.g., 3 or 10) should be based on the
dose-response dat a.

d) Inter-species extrapol ation

The inter-species uncertainty factor is not necessary if the NOAEL or
ri sk assessment i s based on human data. Where an assessnent is based

on data in animals, however, and in situations where there are

appropri ate conpound-specific toxicokinetic and/or toxicodynan c dat a,

the rel evant default uncertainty factor for inter-species variation

woul d be replaced by the data-derived factor (Renw ck, 1993b). Data on

physi ol ogi cal | y based pharmacoki netic (PBPK) nodelling should be
i ncl uded wherever possible; however, such infornation is available
currently for only a snall nunber of substances. If a data-derived

100-FOLD UMCERTAINTY FACTOR

INTER-ZPECIES INTER-IMNDIVIDUAL
DIFFEREMCES DIFFERENCES
0-FOLO 0-FOLO
TOXICO- TOXICO- TOXICO- TOXICO-
O MAMICE KIMETICE DYV MARMICE KINETICE
g 0.4 06 LA 005
[2.5] [4.0) [5.2) [3.2)

Fig. 1. Subdivizion of the 100-fold uncertainty factor showing the
relationship between the use of uncertainty factors {above the
dazhed line) and proposed subdivisions based on toxicokinetics
and toricodynamics (based on Renwick, 1993b). Actual data should
be uzed to replace the default values if available.
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factor is introduced, then the commonly used 10-fold factor would be

repl aced by the product of that factor and the renmai ning default
factor.

The conposite default value of 10 has been criticized as
i nadequate, for exanple, to allow for metabolic processes in mnice
which can be related to body surface area (Cal abrese et al., 1992);

the introduction of data-derived uncertainty factors would allow the

| ogi cal future devel opnent of nore appropriate species specific
def aul ts.

e) Inter-individual variability in humans

In situations where appropriate toxicokinetic and toxi codynam c

data exist for a particular conpound in humans, then the rel evant
uncertainty factor should be replaced by the data-derived factor
(Renwi ck, 1993b). Data on PBPK nodelling nmay al so be able to

Page 32 of 91

contribute to this assessnent. |If a data-derived factor is introduced,
then the commonly used 10-fold factor would be replaced by the product

of the data-derived factor and the remai ning default factor.

Al 't hough the 10-fold default uncertainty factor is reasonable for

nost cases (Dourson & Stara, 1983), it has been criticised as

i nadequate for human variability especially when genetically
determ ned differences in a bioactivation process may be invol ved
(Cal abrese, 1985; Goldstein, 1990). This concern reinforces the

i mportance of using an approach that allows the incorporation of data

on human variability in either toxicokinetics of the conpound or the

sensitivity to its mechani smof action

In addition to approaches ainmed at incorporating as nuch

bi ol ogi cal data as possible in the derivation of uncertainty factors,

probabilistic approaches have been investigated for the
characteri zation of uncertainty (Baird et al., 1996; Price et al.
1997). Distributions can be devel oped on the basis of enpirica

rel ati onshi ps observed for, for exanple, variations between LOAELs and

NOAELs and effect |evels in subchronic versus chronic studies. Mnte

Carl o techniques can be used to integrate probabilities for the
various areas of uncertainty.

4.4 Quantitative risk assessnent for neoplastic (non-threshol d)
effects

4.4.1 |Introduction

A nunber of approaches have been adopted for characterization of

dose-response in the assessnent of genotoxic neoplastic effects,

i ncluding quantitative extrapol ation by mathenatical nodelling of the

dose-response curve to estimate the risk at likely human intakes or
exposures (low dose risk extrapolation). Traditionally, where

dose-response has been extrapolated into the | owdose range, this has

been acconplished by the use of the |inearized Arnitage- Dol

mul ti-stage nodel . Dose-response may al so be estimated in a two-step

process by straight linear extrapolation into the | ow dose range from

a nodel | ed point on the dose-response curve. O her neasures of
dose-response include estinmation of carcinogenic potency in the
experimental range and division of effect levels by a margin of
protection. In nore recently devel oped bi ol ogi cal nodels, different
stages in the process of carcinogenesis have been incorporated and
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time to tunmour has been taken into account (Mool gavkar et al., 1988),
al though currently data are sufficient for application in only a
limted nunber of cases. In sonme cases where data pernit, the dose
delivered to the target tissue has been incorporated into the
dose-response anal ysis (PBPK nodel ling) (IPCS, 1993).

In the same way as approaches adopted for non-neopl astic
(threshold) effects, there are increasingly attenpts to incorporate
nmore of the scientific data in adopted approaches. For exanple, the
proposed cancer guidelines issued by the US EPA (1996b), updating the
previ ous gui delines (US EPA, 1986a), put enphasis on the ful
i ntegration of nechanistic information and dose-response dat a.
Dependi ng on the node of action, linear extrapolation into the
| ow-dose range or, alternatively, a nmargin of exposure would be
presented. The adequacy of the latter approach nust be judged by
criteria simlar to those used in devel oping tol erable
i nt akes/ exposures for non-cancer effects.

4.4.2 Linear extrapol ation

VWere data on the nechani sm of tunour induction are not
avail abl e, as a default, risks are often linearly extrapolated into
the | owdose range. Previously (e.g., US EPA, 1986a) the linearized
mul ti stage nodel was w dely adopted for such extrapolations for data
fromstudies in ani mal species, whereas data from epi dem ol ogi ca
studies were generally nodelled using a nultistage nodel with a |inear
term Mre recently, curve fitting within the range of observation
with extrapolation fromthe | ower 95% confidence limts on a dose
associated with a 10%extra risk (the LED;;) has been recomended (US

EPA, 1996a). Linear extrapolation is considered to be appropriate if
avai |l abl e evi dence supports a node of action that is anticipated to be
linear or, as a science policy default, there is no evidence of either
linearity or non-linearity.

O her approaches to |inear extrapol ation have been described in
the literature. Goss et al. (1970) suggested a nethod based on
di scarding data at the upper end of the dose range until a linear
nodel provides an adequate description of the renmining data. Van
Ryzin (1980) suggested the use of any nodel that fits the data
reasonably well to estinmate the dose produci ng an excess risk of 1%
and then using sinple linear extrapolation to | ower doses. Gaylor &
Kodel | (1980) proposed fitting a nodel to the avail able data and then
using |linear extrapol ation bel ow the | owest dose at which observations
were taken. Since the estinmates at the | ower doses might be unduly
i nfluenced by the choice of the nodel used in the experinental dose

range, Farner et al. (1982) suggested l|linear extrapol ati on bel ow the
| owest dose or the dose corresponding to an estimated risk of 1%
whi chever was | arger

A nodel -free procedure based on |linear extrapol ation bel ow the
| owest dose showi ng an increased (not necessarily statistically
significant) risk has been proposed by Krewski et al. (1984, 1986)
using linear extrapolation fromall doses for which there were no
statistically significant increases in tunour incidence above the
baseline level, and selecting the smallest slope for |ow dose risk
estimation. Simlarly, Gaylor (1987) considered the smallest slope
obtained fromall the possible conbinations of data fromthe doses
where the | owest dose was in the convex portion of the dose-response
curve. In both cases, upper confidence linits on the slopes were used.
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A nunber of argunents have been advanced in support of the
hypot hesi s of | owdose linearity (Krewski et al., 1986; Mirdoch et
al ., 1987). For exanple, the class of additive background nodel s
considered by Crunmp et al. (1976) predicts |owdose linearity provided
only that the response increases snmoothly with dose. However, it is
difficult to prove or disprove |owdose linearity experinmentally even
i n bioassays involving extrenely |arge nunbers of aninmals (Gylor et
al., 1985). Indeed, dose-response curves for different types of
tumours in mce follow ng exposure to 2-acetyl am nofl uorene (2-AAF) in
an EDy, study varied considerably.

Oten, linear extrapolation is criticized as being too
conservative. For exanple, Bailar et al. (1988) denpnstrated that a
significant fraction of bioassays conducted for the Nationa
Toxi col ogy Programindicate that, at hi gh experinental doses, observed
response rates are higher than those predicted by a Iinear nodel. They
argue that, at |ow doses, the one-hit nodel may thus not be
conservative in sone cases. However, these observations are not
necessarily inconsistent since, at |ow doses, the linear term
predom nates. Crump et al. (1976), Peto (1978) and Hoel (1980) argue
that | owdose linearity occurs when substances augnent existing
carci nogeni c processes. The formation of DNA adducts, which may be
predictive of certain tunours induced by genotoxic carcinogens, has
of ten been observed to be linear at very | ow doses (Poirier & Bel and
1987). Based on these considerations, it is unclear whether an
estimate based on a |inear approxinmation over- or under-estimtes the
true risk.

The outcome of | ow dose extrapolation is the resulting lifetine
cancer risk associated with estimted exposure for a particul ar
popul ation. In view of the considerable uncertainties in extrapolating
results over several orders of nagnitude, in the absence of
i nformati on on nechani sns of tunour induction, specification of risks
in ternms of predicted incidence or nunbers of excess deaths per unit
of the popul ation inplies a degree of precision that is considered
m sl eadi ng by some (e.g., Health Canada, 1994).

4.4.3 Estimtion of potency in the experinental range

For assessnent of Priority Substances under the Canadi an
Envi ronnental Protection Act (CEPA), e.g., for genotoxic carcinogens,
a Turnorigenic Dose or Concentrationg (TD;) has been adopted as the
neasure of dose-response (Health Canada, 1994; Meek et al., 1994). It
is the intake or concentration associated with a 5% nci dence of
tumours in experinmental studies on animals or epidem ol ogical studies
on human popul ations. It serves as the basis for devel opnent of an
Exposur e/ Potency Index (EPlI) which is the estimted daily human intake
or exposure divided by the TD;,. A calculated EPI of 106 represents
a one mllion fold difference between human exposure and that at the
| ower end of the dose-response curve, on which the estimte of potency
i s based.

Any nodel that fits the enpirical data well is likely to provide
a reasonable estimate of the TD;. Choice of the nodel may not be
critical since estimation is within the observed dose range, thereby
avoi di ng the nunerous uncertainties associated with | ow dose
extrapol ati on. Wherever possible, and if considered appropriate,
i nformati on on pharnmacoki netics, netabolism and nmechani snms of
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carcinogenicity and nutagenicity is incorporated into the quantitat
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ive

estimates of potency derived particularly fromstudies in aninals (to
provi de rel evant scaling of potency for human popul ations). The val ue

of 5%is arbitrary; selection of another value would not affect the
relati ve potencies for each of a range of conpounds. Indeed, in the

literature, others have proposed the TDy, (Peto et al., 1984) and the

TD,; (Allen et al., 1988; Dybing & Huitfeldt, 1992; Dybing et al.

1997). The Conmittee on Carcinogenicity of Chemicals in Food, Consuner
Products and the Environnment in the United Kingdom has concl uded t hat
the TDy, is the nost practical quantitative estinmate of carcinogenic

potency for the ranking of genotoxic carcinogens (UK DOH, 1995).

If there is no evidence for linearity, and there is sufficient
evi dence to support an assunption of non-linearity for the
carci nogeni c response, US EPA (1996a) reconmmends estimation of a
mar gi n of exposure, which is the LED,; or other point of departure

di vided by the environnental exposure of interest. It should be noted,

however, that this contrasts with the approach in Canada and Europe
where characterization of potency within the experinmental range is
consi dered appropriate for carcinogens, whereas the default in the
is linear. Indeed the Conmittee on Carcinogenicity of Chemicals in
Food, Consuner Products and the Environment in the United Kingdom

USA

concl uded that potency indices are not appropriate for the ranking of

non- genot oxi ¢ carci nogens. Rat her for non-genotoxic conpounds, the

enphasi s shoul d be on understandi ng mechani snms and their rel evance to

hunmans.

4.4.4 Two-stage clonal expansion nodel

Thi s approach is based on the two-stage nodel of carcinogenesis,
in which it is hypothesized that chenical carcinogenesis occurs in two
steps. Cells are initiated followi ng the occurrence of genetic danage

in one or nore cells in the target tissue. Such initiated cells may
t hen undergo malignant transformation to give rise to a cancerous
| esion. The rate of occurrence of such | esions may be increased by

subsequent exposure to a pronoter, which serves to increase the poo
of initiated cells through mechani sns that result in clonal expansion

Mat hemati cal formul ati ons of this process have been presented by

Mool gavkar et al. (1988) and Chen & Farland (1991). This stochastic

birth-deat h-nutati on nodel assunes that two nutations, each occurring

at the tinme of cell division, are necessary for a nornmal cell to
become malignant. Initiating activity may be quantified in terns of
the rate of occurrence of the first nmutation. The overall rate of
occurrence of the second nutation describes progression to a fully

differentiated cancerous |lesion. Pronptional activity is nmeasured by
the difference in the birth and death rates of initiated cells. In the
absence of pronotional effects and variability in the pool of norma

cells, the two-stage birth-death-nutation nodel reduces to the
cl assi cal two-stage nodel.

It should be noted, however, that there are currently few cases

where data are sufficient to pernmit application of such a nodel

4.4.5 Proportional analyses - carcinogenic and non-neopl astic effects

There have been several investigations of the possibility of

predicting potency for particular types of toxicity fromdata on other
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types of toxicity, including work by Tennant et al. (1987), Portier
(1988), Travis et al. (1990a,b, 1991), Zeiger et al. (1990) and

Haseman & Clark (1990). Such approaches have been necessary due, for

exanpl e, to the high cost and degree of difficulty of [ong-term or
carci nogeni ¢ bi oassays. However, it is inportant to note that

correl ati ons between potencies for different types of effects may be

artificially strengthened by dose selection (e.g., the top dose in

car ci nogeni ¢ bi oassays is often the maxi numtol erated dose, selected

to elicit small reductions in body weight).

5. EXPOSURE ASSESSMENT

The obj ective of exposure assessnent is to deternmine the nature

and extent of contact with chem cal substances experienced or
antici pated under different conditions. Approaches for assessing
exposure and characterizing uncertainties/variability in resulting
estimates presented here are derived primarily fromthe Exposure
Assessnent Gui delines (US EPA, 1986b, 1992).

5.1 Definition of exposure and related terns

Al t hough there is reasonabl e agreenent that human exposure means

contact with the chenical or agent (Allaby, 1983; Environ, 1988;

Hodgson et al., 1988), there has not yet been w despread agreenent as

to whether this nmeans contact with (a) the visible exterior of the

person (skin and openings into the body such as nmouth and nostrils),
or (b) the so-called exchange boundari es where absorption takes place
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(skin, lung, gastrointestinal tract). These different definitions have

led to sone anbiguity in the use of ternms and units for quantifying
exposure. In 1992, The US EPA published CGuidelines (US EPA, 1992)
defini ng exposure as taking place at the visible external boundary,
in (a) above.

Under this definition, it is helpful to think of the hunman body

as having a hypothetical outer boundary separating inside the body

as

fromoutside the body. This outer boundary of the body is the skin and

t he openings into the body such as the mouth, the nostrils, and
punctures and lesions in the skin. Exposure to a chenical is the
contact of that chemical with the outer boundary. An exposure
assessment is the quantitative or qualitative evaluation of that

contact, which includes consideration of the intensity, frequency and

duration of contact, the route of exposure (e.g., dernal, oral or

respiratory), rates (chenmical intake or uptake rates), the resulting

anount that actually crosses the boundary (a dose), and the anount

absorbed (internal dose). The Commi ssion of the European Conmunities

(EC, 1996) presented a simlar definition for exposure assessment: the

determ nation of the em ssions, pathways and rates of novenent of a

substance and its transformati on or degradation, in order to estinate
the concentrations/ doses to which hunan popul ati ons or environmnent al

spheres (water, soil and air) are or may be exposed.

Dependi ng on the purpose of an exposure assessnent, the nunerical

output nmay be an estimate of the intensity, rate, duration and
frequency of contact exposure or dose (the resulting anount that
actually crosses the boundary). For risk assessnments based on

dose-response rel ationshi ps, the output usually includes an estimate

of dose.
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Fig. 2. Environmental health paradigm showing the role of exposure
{adapted from Sexton et al. {1995) and IPCS {1993))

5.2 Exposure and dose

Most of the time, the chem ca
boundary of the body is contained in air,
transport or carrier nmedium the chenica
at the point of contact is the concentration

wat er, soil,

on whi ch exposure
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comng into contact with the outer
a product or a
concentration in these nedia

estimates are based. Exposure over a period of time can be represented

by a tine-dependent profile of the exposure concentration
under the curve of this profile is the magnitude of the exposure,
concentration-time units (Lioy, 1990; US NRC, 1990):

‘2 (1)
E=[ amn

"

where E is the magnitude of exposure,
concentration as a function of tinme,

exposure duration (ED).
day, week, year, etc.),
time.
a specific chem cal
given time period.

C(t) is the exposure

then C(t) may be zero during part of this

The integrated exposures for a nunber of different
popul ati on or popul ati on segnent, for exanple),

al ong the absci ssa or x-axis, and the nunber of

i ntegrated exposure increasing along the ordinate or y-axis). This

hi stogram or curve is a presentation of an exposure distribution for

that popul ati on or popul ati on segnent.

Appl i ed dose is the anpbunt of a chemnica
barrier (skin, lung, gastrointestina
Usual Iy, it

at the absorption
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If EDis a continuous period of tine (e.qg.

I nt egrated exposures are done typically for a single individual
and a particul ar pathway or exposure route over a

i ndividuals (a
may then be displ ayed
in a histogramor curve (usually, with integrated exposure increasing
i ndi vi dual s at that

tract) avail able for absorption.

is very difficult to measure the applied dose directly, as
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many of the absorption barriers are internal to the human and are not
localized in such a way as to make neasurenment easy. An approxi mation
of applied dose can be nmade, however, using the concept of potentia
dose (Lioy, 1990; US NRC, 1990). Potential dose is sinply the anmount
of the chem cal ingested, inhaled or in material applied to the skin.

For the dermal route, potential dose is the amount of chenica
applied or the ampbunt of chemical in the nmediumapplied, e.g., as a
smal | ampunt of particul ate deposited on the skin. It should be noted
that as not all of the chemical in the particulate is in contact with
the skin, this differs fromexposure (the concentration in the
particulate multiplied by the tinme of contact) and applied dose (the
amount in the layer actually touching the skin).

The applied dose, or the ambunt that reaches the exchange
boundari es of the skin, lung or gastrointestinal tract, may often be
I ess than the potential dose if the material is only partly
bi oavai |l able. This will depend, for exanple, on the formin which the
compound is adm nistered (e.g., neat or in vehicle on skin). Were
data on bioavailability are known, adjustnents to the potential dose
to convert it to applied dose and internal dose nay be made. For
exanpl e, chem cals reaching their target through the gastrointestina
tract can be netabolized in the anaerobic conditions of the |ower
colon prior to absorption. Bioavailability via various routes of
exposure may al so vary. For example, intestinal absorption results in
a first pass effect that nay |lead to netabolic detoxication or
activation by the liver.

The anmount of a chemical that has been absorbed and is avail able
for interaction with biologically significant receptors is called the
i nternal dose. Once absorbed, the chenical can undergo netabolism
storage, excretion or transport within the body. The anmpunt
transported to an individual organ, tissue or fluid of interest is
termed the delivered dose. The delivered dose may be only a small part
of the total internal dose. The biologically effective dose, or the
amount that actually reaches cells, sites or nmenbranes where adverse
ef fects occur (US NRC, 1990), nmay only be a part of the delivered
dose. Currently, nost risk assessnents dealing with environnenta
chenicals (as opposed to pharmaceuti cal assessnments) use dose-response
rel ati onshi ps based on potential (adm nistered) dose or internal dose,
since the pharnacokinetics necessary to base rel ationships on the
delivered dose or biologically effective doses are not available. This
may change in the future, as nore becones known about the
phar macoki netics of environnmental chem cals.

Doses are often presented as dose rates, or the anpunt of a
chem cal dose (applied or internal) per unit tinme (e.g., ng/day), for
i nstance, as dose rates on a per-unit-body-weight basis (e.g., ng/kg
per day).

The general equation for potential dose for intake processes,
e.g., inhalation and ingestion, is sinply the integration of the
chenmical intake rate (concentration of the chemical in the medium
multiplied by the intake rate of the nedium C x IR) over tine:

‘2 @
n = c s ot
o = [ CORE

|
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wher e Doot is potential dose and IR(t) is the ingestion or inhalation
rate.

The quantity t,-t,, as before, represents the period of time

over which exposure is being exam ned, or the exposure duration (ED)
The exposure duration may contain times where the chemical is in
contact with the person, and also tinmes when C(t) is zero. Contact
time represents the actual tine period where the chemical is in
contact with the person. For cases such as ingestion, where actua
contact with food or water is intermttent, and consequently the
actual contact tinme nay be snmall, the intake rate is usually expressed
in terms of a frequency of events (e.g., 8 glasses of water consuned
per day) multiplied by the intake per event (e.g., 250 m of water per
gl ass of water consumed). Internmittent air exposures (e.g., 8 h
exposed/day multiplied by one cubic netre of air inhaled/hour) can

al so be expressed easily using exposure duration rather than contact
time. Hereafter, the termexposure duration will be used in the
exanpl es below to refer to the termt,-t,, since it occurs

frequently in exposure assessnents and it is often easier to use.

Equation 2 can al so be expressed in discrete formas a sunmation
of the doses received during various events i

D - X o -IR - ED. (3
i 1 1 1

ot

where ED, is the exposure duration for event i. If Cand IR are

nearly constant (which is a good approxinmation if the contact tine is
very short), equation 4-3 becones:

o = C-iR-ED (4)

where ED is the sum of the exposure durations for all events, and C

and IR are the average values for these paraneters. Equation 4 will
not necessarily hold in cases where C and IR vary considerably. In
those cases, equation 3 can be used if the exposure can be broken out
into segnents where C and IR are approximately constant. If even this
condition cannot be net, equation 2 may be used.

For risk assessnents, estinmates of dose should be expressed in a
manner that can be conpared with avail abl e dose-response dat a.
Frequently, dose-response rel ationships are based on potential dose
(cal I ed admini stered dose in aninmal studies), although dose-response
rel ati onshi ps are soneti nes based on internal dose.

Doses may be expressed in several different ways. Solving
equations 2, 3 or 4 for exanple, gives a total dose accunul ated over
the tine in question. The dose per unit tine is the dose rate, which
has units of nass/tine (e.g., ng/day). Because intake and uptake can
vary, dose rate is not necessarily constant. An average dose rate over
a period of time is a useful nunmber for many risk assessnents.

Exposure assessnents take into account the tinme scale related to
t he biol ogi cal response studi ed, unless the assessnent is intended to
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provi de data on the range of biological responses (US NRC, 1990). For
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devel opnental toxicity effects, a single short-term exposure can cause

the adverse health effects. For nany non-cancer effects, risk
assessnments consider the period of time over which the exposure

occurred, and often, if there are no excursions in exposure that would

lead to acute effects, average exposures or doses over the period of
exposure are sufficient for the assessnent. These averages are often
in the formof average daily doses (ADDs) expressed, for exanple, in

ng/ kg body wei ght per day.

An ADD can be cal cul ated from equati on 2 by averaging Dpot OVer

body wei ght and an averaging tine, provided the dosing pattern is

known so that the integral can be solved. It is unusual to have such
data for human exposure and intake over extended periods of tine, so

sonme sinplifying assunptions are conmonly used. Using equation 4

i nstead of 2 or 3 involves maki ng steady-state assunptions about C and

IR, but this nmakes the equation for ADD easier to solve. For intake
processes, then, using equation 4, this becones:

ADD, = [C iR+ ED]/[BW » AT]  (5)

wher e ADD

hot is the average daily potential dose, BWis body weight,

and AT is the tinme period over which the dose is averaged (converted

to days). As with equation 4, the exposure concentration Cis best
expressed as an estimate of the arithmetic nean regardl ess of the

di stribution of the data. Again, using average values for Cand IR in

equation 5 assunes that C and IR are approxi mately constant.

For effects such as cancer, where the biological response is
usual |y described in ternms of lifetine probabilities, even though
exposure does not occur over the entire lifetine, doses are often

presented as lifetinme average daily doses (LADDs). The LADD takes the

formof equation 6, with lifetinme (LT) replacing the averaging tinme
(AT):

ADD = [C-iR - ED]/[BW - LT] ()

5.3 Approaches to quantification of exposure

Exposure (or dose) is assessed generally by one of the follow ng

appr oaches:

a) The exposure can be neasured at the point of contact (the outer

boundary of the body) while it is taking place, measuring both

exposure concentration and time of contact and integrating them

(poi nt-of-contact or personal measuremnent);

b) The exposure can be estimated by separately evaluating the
exposure concentration and the tinme of contact, then conbining
this information (scenario eval uation);

c) The exposure can be estimted from dose, which in turn can be

reconstructed through internal indicators (biomarkers, body
burden, excretion levels, etc.) after the exposure has taken
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pl ace (reconstruction).

These three approaches to quantification of exposure (or dose)
are independent, as each is based on different data. This offers the
opportunity of checking the accuracy of exposure estinated by one
approach through use of an independent approach, where data permt.
The i ndependence of the three nethods is a useful concept in verifying
or validating results. Each of the three has strengths and weaknesses;
using themin conbination can considerably strengthen the credibility
of an exposure or risk assessnent.

5.3.1 Measurenent at point of contact (personal nonitoring)

Poi nt - of - cont act exposure neasurenent eval uates the exposure as
it occurs, by measuring the chem cal concentrations at the interface
bet ween the person and the environnent as a function of tine,
resulting in an exposure profile. The best known exanple of the
poi nt - of - contact measurenent is the radiation dosineter. This snall
badge-1i ke devi ce nmeasures exposure to radiation as it occurs and
provides an integrated estimte of exposure for the period of tinme
over which the neasurenent has been taken. Another exanple is the
Total Exposure Assessnent Methodol ogy (TEAM studies (US EPA, 1987a)
conducted by the EPA and simlar nultinedia exposure studies in Canada
(Gtson et al., 1996). In the TEAM studies, a snmall punp with a
col l ector and absorbent was attached to a person's clothing to nmeasure
his or her exposure to airborne solvents or other pollutants as it
occurred. Athird exanple is the carbon nonoxi de (CO point-of-contact
neasur enent studi es where subjects carried a small CO neasuring device
for several days (US EPA, 1984). Dermal patch studies and duplicate
nmeal studies are also point-of-contact neasurenent studies. In all of
t hese exanpl es, the nmeasurenents are taken at the interface between
the person and the environnent while exposure is occurring. Use of
these data for estinating exposures or doses for periods that differ
fromthose for which the data are collected (e.g., for estimtes of
lifetime exposures) will require some assunptions.

The strength of this nethod is that it measures exposure
directly, and providing that the neasurenent devices are accurate, is
likely to give the npbst accurate exposure value for the period of tine
over which the neasurenent was taken. It is often expensive, however,
and measur enent devices and techni ques do not currently exist for al
chem cals. This nmethod may al so require assunptions to be nade
concerning the rel ati onship between short-termsanpling and |l ong-term
exposures, if appropriate. This nethod is also not source-specific, a
[imtation when particular sources will need to be addressed by risk
managers.

5.3.2 Scenario evaluation nmethod (tinme activity and
nmoni t ori ng/ nodel | i nQ)

I n exposure scenario evaluation, the assessor attenpts to
determ ne the concentrations of chemicals in a nediumor |ocation and
link this information with the tinme and ways that individuals or
popul ati ons come into contact with the chem cal. The set of
assunptions about how this contact takes place is an exposure
scenari o.

The first step in a scenario evaluation is usually to
characterize the contam nant concentration in the nmedia of concern at
t he point where contact occurs. This is typically acconplished
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indirectly by measuring, nodelling or using existing data on
concentrations in the bulk nedia, rather than at the true point of
contact. An exanple of a scenario evaluation is presented in Table 1.
Since the concentration in the bulk mediumis not the same as the
exposure concentration, this is a clear source of potential error in
t he exposure estimate. CGenerally, the closer the medium can be
neasured to the point of contact (in both space and tine), the |ess
uncertainty there is in the characterization of exposure
concentration. Wiere nonitoring data are inadequate, fate nodels are
typically used to estimate chem cal concentrations. These nodel s can
span a wi de range of conplexity in ternms of spatial dinmensions and
tenmporal assunptions (i.e. steady-state versus non-steady-state).
Types of fate nopdels include:

* sinple dilution nodels where a neasured concentration in an
effluent is divided by a dilution factor or the chenical release
rate is divided by the bulk flow rate of the medi um

* equi li brium nodel s which predict the distribution of a chem ca
in the environment based on partitioning ratios or fugacity (the
escapi ng tendency of a chemnical from one environnental phase to
anot her) ;

* di spersi on nodel s which predict reductions in concentrations from
poi nt sources based on assumed nmat hematical functions or
di spersion properties of the chemi cal

* transport nodels which predict concentrati on changes over
di stance and can represent dispersion, biocheni cal degradation
and absorption.

Conpi |l ati ons of existing environnmental fate nodels have been
published (OECD, 1989, 1991a; Braat et al., 1991; ECETOC, 1992, 1993;
RIVM 1994). The US EPA has produced a software systemcalled the
I nt egrated Model Eval uation System (I MES) to hel p assessors sel ect the
fate nodel best suited to their needs (US EPA, 1992). The software
pronpts users to answer a variety of questions about their needs and
then lists the nodels that have matching features. The system has
i nformati on on over 150 nodels representing all nedia (air, surface
wat er and groundwater). Mdel information includes descriptions of the
nodel type, conputer requirenents, validation testing and contact for
obtai ning a copy. The Netherlands National Environmental Policy Plan
Uni form System for the Eval uation of Substances (USES) is a
deci si on-support systemfor the rapid quantitative assessnment of the
hazards and risks of chemicals, including new substances, agricultura
pestici des and bi ocides (RIVM 1994). USES has been the basis for the
devel opnent of the European Union System for the Eval uation of
Subst ances ( EUSES)

The reliability of nodelled estinates of chemical concentration
in the general environment depends on how well the nodel assunptions
match reality (i.e. howrealistic are the assunptions such as
st eady-state conditions and honogenous nedi a properties), whether the
nodel performance has been denonstrated under conditions sinmilar to
t hose of concern; and the quantity and quality of input data.

Model I'ing ef forts which use input values derived primarily on the
basi s of default assunptions are generally nost useful for screening
purposes to highlight areas in which specific additional data are
required to estimte exposure nore accurately. Further discussion
about nodel uncertainty can be found bel ow
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The next steps involve identifying who is exposed and devel opi ng
estimates of the frequency and durati on of exposure. Like chenica
concentration characterization, this is usually done indirectly by use
of denographic data, survey statistics, behaviour observation
activity diaries, activity nmodels or, in the absence of nore
substantive infornmation, assunptions about behavi our. Wen estimating
potential dose, this step also involves estinating how nmuch cont act
occurs. Table 2 shows exanpl es of standardized reference val ues for
body wei ghts, fluid intake and respiratory volunes. This type of data
is also sunmarized in the Exposure Factors Handbook (US EPA, 1997).
Thi s Handbook includes information on consunption rates for various
food types, fish ingestion, soil ingestion, dermal contact with soils,
body surface area, lifetinme, body weight, inhalation rate, breast mlk
i ngestion rate, and activity patterns (tinme spent sw nm ng, bathing
time, time indoors/outdoors, time in vehicles, etc.). For each factor
descriptions are provided of the average values and the variability in
t he general popul ation. Values are recommended for each factor, with a
qualitative indication of the supporting wei ght of evidence.

Table 1. Estinmated daily intake of inorganic fluoride (nmg/kg body wei ght per
popul ati on of Canada (fromLiteplo et al., 1994)

Rout e of exposure 0- 6 nont hs?a 7 nont hs-4 yearsbP

Ambi ent airf 0.01 0.01

Foodd 14-92 22

Breast milkh 0.5-1.1 -

Soi | i 0.03-1.6 0.02-1.2

"Fl uori dat ed" drinki ng-wat er] - 45-77

"Non-f | uori dat ed" drinking-waterk - 3.1-12.9

Househol d product s! - 20- 60

Total intake of breast-fed infants 0.5-2.6 -

Total intake of fornula-fed infants 14-94 -

Total intake ("Fluoridated" water)m - 87- 160

Total intake ("Non-fluoridated" water)n - 45- 96

a Assunmed to weigh 7 kg, breathe 2 n8 air, drink 750 ml of breast milk or ini
and consune 35 ng soil per day.

b Assunmed to weigh 13 kg, breathe 5 nB air, drink 0.8 litres of water, and ci

¢ Assumed to weigh 27 kg, breathe 12 nB air, drink 0.9 litres of water, and

d Assuned to weigh 57 kg, breathe 21 nB air, drink 1.3 litres of water, and

e Assuned to weigh 70 kg, breathe 23 nB air, drink 1.5 litres of water, and

f Based on the nean concentration of inorganic (gaseous and particulate) flu

0.03 pg/ nB, reported for Toronto, Ontario, and assum ng the concentration
to (outdoor) anbient air.

Table 1 (Conti nued)

g Formul a-fed infants (0-6 nonths): based on the nean concentrations of inori
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formul as purchased in the USA of 0.127 and 0.854 ng/litre reported for rea
and soy-based powdered formula (prepared w th drinking-water containing 1

and assuming infants are exclusively fornula-fed and consune 750 m fornul
(7 nmonths and ol der): based on | evels of inorganic fluoride detected in 10
(and the USA), in the follow ng food groups: 0.01-0.80 pg/g in dairy produ
products, 0.01-0.58 pg/g in fruit, 0.01-0.68 pg/g in vegetables, 0.04-4.57
0.05-0.13 pg/g in fats, 0.11-0.35 pg/g in nuts/legunes, 0.02-0.86 pg/g in

0.41-0.84 pg/g in soup, 4.97 pug/g in tea; and the daily intake of each foo
of the general popul ation of Canada.

h Based on the nean concentrations of inorganic fluoride of 4.4 and 9.8 ng/g
breast mlk frommthers living in communities served by "non-fl uoridated"
respectively, assumng the density of breast mlk is equal to 1.0 g/m.

i Based on a range of concentrations of total inorganic fluoride of 6 pg/g ri
soil collected in Newfoundland, to 309 pg/g [nean concentration in Canadi a

i Based on a range of nean concentrations of inorganic fluoride in "fluorida
determ ned fromfluoride levels in 3 comunities in Newfoundl and and Labra
from2 conmunities in the Yukon. "Fluoridated" refers to drinking-water to
intentionally added for the prevention of dental caries.

k Based on a range of nean concentrations of inorganic fluoride in "non-fluo
0.05 nmg/litre (reported for 3 communities in British Colunbia), to 0.21 ngy
nunber of conmunities in the Yukon). "Non-fluoridated" refers to drinking-
has not been intentionally added for the prevention of dental caries.

' Based on a nmean concentration of inorganic fluoride in nost dentifrice pro
i ntake of dentifrice of 0.26-0.78 g/day for children 7 nonths to 4 years o
5 to 11 years of age, 0.14 g/day for adol escents 12 to 19 years of age, an
of age, assuming an average of 2 brushings per day.

m Estimated total daily intake of inorganic fluoride by individuals consum ni

n Estimated total daily intake of inorganic fluoride by individuals in Canadi
that is not "fluoridated".

Table 2. Human contact paranmeters (from | CRP, 1974)

Body wei ght, kg

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

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

Nor mal conditi ons:

Adul ts 1000- 2400, representative figure = 1900P

Adult nml e = 1950
Adult fenmal e = 1400
Child (10 years) = 1400

Hi gh average tenperature (32 °C

Adul t s = 2840-3410
noderate activity:
Adul ts = 3700
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Respiratory vol unes

8-h respiratory volunes, litres per 8 h resting:
Adul t man = 3600
Adult wonman = 2900
Child (10 years) = 2300
['i ght/non-occupational activity: Adul t man = 9600
Adul t woman = 9100
Child (10 years) = 6240

Daily inhalation volunme, n? (8 h resting, 16 h |ight/non-occupational activity)

Adult mal e = 23
Adult fenale = 21
Aver age adult = 22
Child (10 years) = 15
a WHO uses 60 kg for calcul ation of acceptable daily intakes
and water quality guidelines (IPCS, 1987b; WHO, 1993).
b WHO uses a daily per capita drinking-water consunption

of 2 litres in calculating water quality guidelines (WHO, 1993).
The chemi cal concentration and popul ati on characterizations are

ultimately combined in an exposure scenario, and there are various
ways to acconplish this. One of the major problens with this approach
is that the limting assunpti ons or boundary conditions (e.gqg.
st eady-state assunptions) do not always hold true. Two ways to address
to this aspect are: (a) to evaluate the exposure or dose equation
under conditions where the limting assunptions do hold true; or (b)
to deal with the uncertainty caused by the divergence fromthe
boundary conditions. As an exanple of the first option, in the
nm croenvironment method, utilized primarily for evaluating airborne
exposures in the general environment but including contact with the
skin in the occupational environnent, segnents of tinme and | ocation
are eval uated where the assunption of constant concentration is
approximately true and then sunmed over all such tine segnents for a
total exposure for the respiratory route, effectively renoving sone of
t he boundary conditions. Wile estinates of exposure concentration and
time-of -contact are still derived indirectly by this nmethod, the
concentration and time-of-contact estinmates can be nmeasured for each
m croenvironment. This avoids nmuch of the error due to using average
val ues in cases where concentration varies widely along with
ti me-of - cont act .

As exanpl es of the second approach, there are various tools used
to describe uncertainty caused by paraneter variation, such as Mnte
Carl o anal ysis (see bel ow).

One strength of the scenari o eval uation approach is that it is
usually the | east expensive nethod of the three. In addition, it is
particularly suited to analysis of the risk consequences of proposed
actions. It is both a strength and a weakness of scenari o devel opnment
that the evaluation can be performed with little or no data; it is a
technique that is best used when sone know edge exists about the
soundness, validity and uncertainty of the underlying assunptions.

5.3.3 Biomarkers of exposure/estimation of internal dose
Exposure can al so be estimated after it has taken place. If a
total dose is known, or can be reconstructed, and information about

i ntake and uptake rates is available, an average past exposure rate
can be estimated. Reconstruction of dose relies on neasuring interna
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body indicators after exposure, intake and uptake have al ready
occurred, and using these neasurenents to back-cal cul ate dose.

However, the data on body burden | evels or biomarkers cannot be used
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directly unless a relationship can be established between these |evels

or biomarker indications and internal dose, and interfering reactions

(e.g., netabolismof unrelated chenicals) can be accounted for or
ruled out. Biological tissue or fluid nmeasurements that reveal the
presence of a chemical nay indicate directly that an exposure has
occurred, provided the chenmical is not a netabolite of other
chenicals. These bi onarkers of exposure are necessarily linited,
however, to ethical relatively non-invasive techniques.

Bi ol ogi cal nonitoring can be used to evaluate the amunt of a

chenmical in the body by neasuring one or nore of the following itens

(not all of these can be neasured for every chemcal):

* the concentration of the chemical itself in biological tissues or

sera (bl ood, urine, breath, hair, adipose tissue, etc.);

* the concentration of the chemical's netabolite(s);

* the biol ogical effect that occurs as a result of human exposure
to the chemical (e.g., alkylated haenogl obin or changes in enzyne
i nducti on);

* t he amount of a chemical or its netabolites bound to target
nol ecul es.

Bi omarkers can be used to estimte chenical uptake during a

specific interval if background | evels do not mask the marker and the

rel ati onshi ps between uptake and the nmarker selected are known. The
time of sanpling for bionmarkers can be critical. Establishing a
correl ati on between exposure and t he nmeasurenent of the narker,

i ncl udi ng phar macoki netics, can help optim ze the sanpling conditions.

The strengths of this nethod are that it denonstrates that

exposure to and absorption of the chem cal has actually taken place,

and it theoretically can give a good indication of past exposure.

Bi omarkers integrate exposure fromall sources and take into account

absorption, which may vary considerably due to a variety of factors

i ncludi ng environmental characteristics, genetic predisposition, age,

gender, ethnicity and/or lifestyle factors.

For many environnmental pollutants, the flow of events between
exposure and health effects is not well understood. Biomarkers help
address this problemby inproving the sensitivity, specificity and

predictive value of detection and quantification of adverse effects at

| ow dose and early exposure (ECETOC, 1989; Fow e, 1989; Fow e &
Sexton, 1992; US NRC, 1992). Sensitive subpopul ations can be better

pi npoi nted by bi omarkers that measure increased absorption rate or a

nore severe biol ogical response to a given environmental exposure

(Lauwerys, 1984; ECETOC, 1989; Fowl e & Sexton, 1992; Hemm nki, 1992;

US NRC, 1992).

Over the | ast decade, bionarker nethods have been devel oped for

the detection of exposure to carcinogens and ot her DNA-danagi ng

agents. These nmethods involve the detection of the parent conpound or

nmet abolites in body fluids or adducts bound to DNA or protein, such as

haenogl obi n and al bum n ( Shuker, 1989; Wugan, 1989, 1992; Bel and &

Poirier, 1993). Methods for detecting exposure to DNA-damagi ng agents
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are classifiable into two categories: a) neasurenments of |evels of
genot oxi ¢ chemicals, their netabolites and/ or derivatives in cells,
tissues, body fluids or excreta; and b) neasurenments of biol ogica

responses such as cytogenetic changes in exposed individuals.

Bi omar ker net hods have al so been devel oped to detect exposure
fromtobacco use (polycyclic aronmatic hydrocarbons (PAHs), aromatic
am nes and specific nitrosam nes), dietary exposure (aflatoxins,

N-ni trosam nes, heterocyclic am nes), nedicinal exposure (cisplatin,
al kyl ati ng agents, 8-nmethoxypsoral en, ultraviolet photoproducts),
occupati onal exposure (benzene, ethyl ene oxide, styrene oxide, vinyl
chloride, aromatic ani nes, PAHs) and oxi dative danage
(8- hydroxyguani ne) (Perera, 1987, 1988; G oopnan et al., 1988; Wgan
1989, 1992; Hermminki et al., 1990; Skipper & Tannenbaum 1990; Bel and
& Poirier, 1993).

The drawbacks of the reconstructive nethod are that it will not
work for every chemical, due to interferences or the reactive nature

of the chemcal, it has not been nethodol ogically established for very

many chemnicals, data relating internal dose to exposure are needed
and it nmay be expensive.

5.4 Variability and uncertainty

Characterization of variability and uncertainty is an integra
conponent of all steps in risk assessment. However, quantitative
characterization of these aspects is best devel oped for exposure
estimation. Variability (the receipt of different |evels of exposure
by different individuals) is generally distinguished fromuncertainty

(the lack of know edge about the correct value for a specific exposure

neasure or estimate). Mst of the exposure and risk descriptors dea
with variability directly, but, wherever possible, estimtes of the
uncertainty of these descriptors are included. This nay be done
qualitatively or quantitatively, and it is beyond the scope of this
report to discuss the mechanics of uncertainty analysis in detail.

Not all approaches historically used to construct neasures or
estimates of exposure attenpted to distinguish variability and
uncertainty. In particular, in many cases in which estinmates were
termed worst case, focusing on the high end of the exposed popul ation
and al so sel ection of high-end values for uncertain physica
quantities resulted in values that were seen to be quite conservative.
By using both the high-end individuals (variability) and upper
confi dence bounds on data or physical paraneters (uncertainty), these
estimates might be interpreted as "not exceedi ng an upper bound on
exposures received by certain high-end individual s".

Variability in exposure occurs when sone nmenbers of the
popul ati on are exposed nore than others. For exanple, exposures via
one or nore routes to some substances nay be el evated for persons
living in the vicinity of point sources (such as industrial
em ssi ons), depending on the formin which these substances are
rel eased and their subsequent environmental transport and
transformati on. The intake of some substances by subsistence hunters
or fishernen may al so be el evated due to accumul ation in the game
speci es that they consune. OnMng to the variation in exposure patterns
at various stages over a lifetime, exposure is often estimated for

vari ous age groups of the general popul ation; for exanple, Health
Canada (1994) estimates intake for several defined periods of life:
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for infants (0-6 nonths), pre-school children (7 nmonths to 4 years),
el ementary school children (5-11 years), teenagers (12-19 years), and
adults (20 years of age and older). Hence, the period up to 6 nonths
of age is when many infants nmay be exposed to substances present in
breast mlk. In addition, pre-schoolers' exposure to contam nants in
soil may be significantly higher than that for other age groups.
Children of all ages have relatively high intakes of food per unit of
body wei ght. Adulthood is a period of long-term|ower-|evel exposure
via nost environmental nedia, with relatively high potential exposure
to some substances through activities such as the use of consuner
products. An exanple of age-stratified estimates of exposure is
presented in Table 1, showi ng fluoride exposure for five age groups in
t he general popul ation

5.4.1 Assessing uncertainty

Assessing uncertainty may involve sinple or very sophisticated
t echni ques, depending on the requirenents of the assessnent.
"Uncertainty characterization" generally involves a qualitative
di scussion of the thought processes that lead to the selection and
rejection of specific data, estimates, scenarios, etc. For sinple
exposure assessnents, where not much quantitative information is
avai | abl e, uncertainty characterization may be all that is necessary.

"Uncertainty assessment” is nore quantitative and can include
simpl er measures (i.e. ranges) and anal ytical techniques (i.e.
sensitivity analysis) or, to the extent needed to support the decision
for which the exposure assessnent is conducted, nore conpl ex neasures
and techni ques.

Uncertainty in exposure assessnment can be classified into three
broad cat egori es:

1. Uncertainty regarding mssing or inconplete information needed to
fully define the exposure and dose (scenario uncertainty).

2. Uncertainty regardi ng sone paraneter (parameter uncertainty).

3. Uncertainty regarding gaps in scientific theory required to make

predi ctions on the basis of causal inferences (nodel
uncertainty).

Identification of the sources of uncertainty in an exposure
assessment is the first step toward eventually deternmining the type of
action necessary to reduce that uncertainty.

5.5 Exposure settings

Human exposure occurs in the general environnent, at occupationa
settings or in househol ds/busi nesses or other areas where consuner
products are used. Each of these settings is discussed bel ow

5.5.1 Exposure in the general environment

Exposure to environnental substances may occur by inhal ation,
i ngestion and/or dermal absorption fromair, water, food and soil
Estimation of the total daily intake (often expressed as pg/ kg body
wei ght/day) fromall sources is critical in assessing the true
magni t ude of risk associated with indirect exposure to substances in
the general environment. This is often referred to as a "multinedi a"
approach (Table 1).
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The US EPA has sponsored the devel opment of a conputer software
programe call ed R sk Assistant for conducting site-specific risk
assessnments for environnmental chenicals. The programme pronpts the
user to identify the chenmicals of concern, the contani nated nedi a and
concentrations in those nedia. The progranme autonmatically lists the
possi bl e pat hways of exposure associated with the contam nated nedi a.
The user can sel ect which of these pathways is of interest. The user
can choose to use default assunptions for exposure paraneters or
nmodi fy them as desired.

5.5.2 Cccupational settings

Workers are exposed in the occupational environnent by
i nhal ati on, through dermal contact or by ingestion, although the
latter is not often quantified. Derrmal and inhal ation nonitoring as
wel | as biological nonitoring (biomarkers) are often required to
characterize adequately the exposure of special subgroups of workers
such as mxers, |oaders and applicators or pesticides (e.g., farm
famlies) (WHO, 1986; US EPA, 1987b; Curry & lyengar, 1992).

Exposure by inhalation in the occupational environment is often
expressed as the concentration of a substance in the breathing zone
averaged over a reference period. This reference period is often 8 h
to represent |long-term exposure or 15 min for short-term exposure.
Exposure to the skin is generally expressed as potential dose rate
predom nantly to the hands and forearnms and is often avail able only as
out put of nodel s.

Measured data on concentrations of chem cal substances in the
occupational environnent are often available fromroutine industria
hygi ene or dedi cated surveys. The suitability of the use of such
information in estimation of exposure nmust be carefully assessed based
on consideration of factors such as representation of levels, tine
peri ods and processes.

Cunmul ati ve exposure (average intensity nultiplied by tine) is one
of the nost common summary neasures for exposure in epideniol ogica
studi es of occupationally exposed popul ati ons. However, there may al so
be intermttent peak exposures that could be of inportance but
difficult to integrate properly in a single concentration-tinme
exposure nodel (U fvarson, 1992). The elinination rate of a poll utant
is of particular inportance in considering the possible inpact of peak
versus continuous exposure (Axel son & Westberg, 1992).

VWere nonitoring data are inconplete or not avail abl e,
occupati onal exposures can also be nodelled (EC, 1996), prinmarily to
hi ghl i ght areas in which specific additional data are required to
estimate exposure nore accurately. To date, these nodels are
restricted primarily to prediction of nean concentrati ons over
ext ended averagi ng periods (e.g., 8 h). For exanple, for workplace
exposure nodelling in the European Union, criteria to describe broadly
the types of exposure possible address the physical properties of
process chemi cals, their use pattern and pattern of control
Descriptors for the physical properties of process chem cals include,
for example, gas, liquid of high vapour pressure, liquid of medium
vapour pressure, solid respirable dust, solid, granular or aerosol
Descriptors of use patterns include closed system within a matrix or
wi de di spersive. Descriptors of control patterns include ful
contai nnent, |ocal exhaust ventilation, etc. Conbinations of various
subsets of these descriptors result in 160 conplenentary fields to

http://www.inchem.org/documents/ehc/ehc/ehc210.htm 6/1/2007



Principles for the Assessment of Risks to Human Health from Exposure to Chemicals (...

whi ch nunerical ranges of concentrations have been assigned based on
nmeasured data in the United Kingdom Nati onal Exposure Database.

Der mal exposure in occupational settings nost commonly invol ves
hands and forearns (approximately 2000 cn¥) (EC, 1996). Der nal
exposure to gases and vapours is typically assuned to be very |low The
EU cl assifies the potential for dermal exposure as none, incidental
(approxi mately one event per day), intermttent (2 to 10 events per
day) or extensive (>10 events per day). Exposure ranges are estinated
based on several databases and the published literature. Criteria for
both inhal ation and dernal exposure are incorporated within a
know edge- based el ectronic system (EC, 1996).

5.5.3 Consuner products

A consuner product is one which can be purchased fromretai
outlets by nmenbers of the general public. People of any age, either
sex, and in any stage of health may be exposed to chemicals in these
products. Mich of the discussion belowis based on an EU docunent
provi di ng gui dance on assessing exposure to chenmicals in consumner
products (EC, 1996).

Exposure to chenmicals in consuner products is often considered as
single events, a series of repeated events or as continuous exposure
(e.g., concentrations in indoor air resulting from storage and use of
such products). Routes of exposure are dernmal (e.g., cleaning agents,
cosnetics, shanpoos), inhalation (e.g., hair spray, powdered
detergents) or by ingestion (e.g., food, drinks or swallow ng of tooth
paste; see Table 1 for an exanple of the latter).

The assessnent of the exposure to consuner products can be
conducted following an iterative procedure, which starts with an
initial "screening". This screening would identify if a substance is
used as or in consumer products where further consideration and
possi bly quantification of exposure is necessary.

If a substance is used in nore than one consuner product, or if
nore than one node of use is enployed (e.g., painting and spraying),
or if the product could reasonably be expected to be used in other
ways (e.g., use of a washing nachi ne detergent for washing by hand),
it may be necessary to assess exposure for each case. In addition, if
the substance is used in different consumer products or has different
nodes of use, the exposure assessnment coul d exani ne those uses for
whi ch the highest exposure is expected to occur on a regul ar basis.
The cunul ative exposure expected fromthe use of the sane substance in
di fferent products may al so be consi dered.

To assess the exposure to substances present in consuner
products, information is needed on two sets of paraneters: contact
paranmeters and concentration paraneters. The contact paraneters denote
where, how | ong and how often contact with the consuner occurs. The
concentration paraneters are needed to estinmate the concentration of a
substance in a mediumthat night cone into contact with the body. This
is not necessarily equal to the concentration of the substance in the
product, because a product might be diluted, m xed, undergo
evaporation, etc., before the substance of interest actually reaches
t he human body.

By combi ning the contact parameters with the concentration
estimates, exposure or dose can be estinmated. As discussed in section
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5.2, exposure and dose can be estimated in a variety of ways. Exposure

to contaminants in air is cormmonly estimated in concentration-tinme
units, as shown in equation 1. Exposure to ingested contaninants is

conmmonly estinmated as a potential dose, as shown in equation 2. Derna

exposures are commonly estimated as an internal dose.

For exanpl e, exposure to a conmponent of a hair spray used twi ce a
day, could be based on assunptions that the wei ght of product used per
event is 5000 ng, the weight fraction of the chem cal substance is 1%

the inhaled fraction is 70% the roomvolune is 2 n?, the vol ume
inhaled is 0.8nm®, and the exposure tine is 6 min (EC, 1996). Der nal
exposure to a component of a watch strap could be estinmated taking

into consideration the area of contact, the thickness and density of

the material, the weight fraction of the chemical substance, period of
contact per day and fraction likely to migrate fromstrap to skin, and

fraction or rate that the chenmical is absorbed into the body.

For a realistic assessment, the follow ng data woul d ideally be

avail abl e:
a) Contact data
- frequency of product use
- durati on of product use per event
- site of product use, including size of room
- air exchange rate
b) Concentration data

- wei ght fraction of substance in the product

- if avail abl e, concentration of substance in the products as

used, e.g., after dilution or evaporation has occurred
c) Product use

- physi cal form of product (aerosol, dry powder, |arge
crystals, liquid, gas, etc)

- amount of product used per event

- contact surface (if appropriate)

- i nt ended use of product

The diversity of consuner products does not allow for a single
set of information sources, handbooks or databases to be consulted.

Rather, it is necessary to explore which information sources apply to
the substance of interest. Below, an overview is provided of possible

i nformation sources that may be useful

i) Product registers are available in some countries and may provide

i nformati on on whet her the substance under consideration is
present in marketed consumer products.

ii) Specific information on use durations and contact frequencies for

consumer products is often lacking. An estinmate of these

paranmeters can be derived fromtine budget data where avail able.

Ti me budgets conprise information on the behaviour of a

popul ation during a day, week or year. Because tine budgets may

vary geographically, it is useful to check if the nationa

statistical agencies have gathered such data on a regional basis.

iii) Information on actual product use by the consuner is not wdely
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avai l abl e. The directions of the manufacturer provide information
on the recomended use, not on the way products nmay be handl ed
before or after actual use nor on reasonably foreseeabl e m suse.
Al t hough i nformation can be gai ned from Poi son Control Centres
and case studies reported in the literature, such data generally
represent the nore extreme misuses of the product and m ght not
be very informative about the normal range of uses.

iv) Information acconpanyi ng exposure assessnent computer progranmes
(see below) may al so be useful sources of data.

V) Some countries require nmanufacturers of certain products (e.g.
cosnetics, toys, pharnaceuticals, food contact nmterials,
pesticides) to provide data useful for estimting exposure.
Assessors shoul d use these data, where avail able and appropri ate,
when conducting the exposure assessmnent.

Measured data useful for exposure assessnent namy be avail able for
a nunber of substances (e.g., concentrations of solvents in roomair
as a consequence of the application of consumer products containing a
solvent or of their migration fromarticles; concentration of polyner
softeners or other additives mgrating fromfood contact nmaterials,
children's toys or other articles).

The reliability and representativeness of the neasured exposure
data may be eval uated consi dering:

* if they represent the whole group of consuners or a certain
subset ;

* if they reflect all exposure scenarios of concern

* if they describe the foreseeabl e use;

* if they reflect the conplete range of reasonabl e exposure val ues

or only an isolated value in any part of this range.

The European Union (EC, 1996) has presented a variety of sinple
al gorithms that can be used to assess consuner exposure for a nunber
of comon exposure scenarios. Many give an exposure val ue per event
(single use), but are readily adaptable to different situations. In
addi ti on, the European Union (EC, 1996) has sunmarized a variety of
nore conpl ex conputer nodels for assessing consunmer exposure
( CONSEXPO, THERdbASE, US EPA househol d exposure nodel s MCCEM and HOUSE
EXP: SCIES, DERMAL, FLUSH and AMEM) .

6. RI SK CHARACTERI ZATI ON AND | MPLI CATI ONS FOR RI SK MANAGEMENT
6.1 Ceneral considerations

The traditional goal of regulating risks is to protect and
i nprove public health and well -being. Since 1980, risk assessnent has
i ncreasingly formed the nethodol ogi cal basis in nmany countri es,
particularly industrialized nations, for the regulation of chemcals
in the occupational and general environments.

Ri sk assessnment, conprising the elenents of hazard
i dentification, dose-response assessnent, exposure assessnent and ri sk
characterization, is now recogni zed as an essential tool by nany
nati onal, regional and international bodies, and it is also recognized
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that it is a continuously evol ving process which has changed
considerably in the last two decades (US NAS, 1983; Soners, 1987, 1993;
UK HSE, 1989; Scala; 1991; Ballantyne et al., 1993; EC, 1996). It
shoul d be recogni zed as a vital nechanismfor the delivery of salient
i nformati on to deci si on- makers.

Ri sk characterization ainms to provide a synthesis of estimates of
exposure |levels and health risks; it also sunmari zes sources of
uncertainty in scientific data and provides the primary basis for
maki ng ri sk managenment deci sions. The results of a risk assessnent (as
summari zed in the characterization) are the basis of identification of
chemni cal exposures that pose no significant health threat and those
that present significant risks. Additionally, to the extent pernitted
by avail abl e data, risk characterization indicates how risk varies
with exposure, to help risk managers evaluate a range of options. It
assists risk managenent officials and decision makers in allocating
scarce resources and noney to the nost inportant resolvable
uncertainties and reduction of risks. However, the results of risk
assessment, as sunmarized in the risk characterization, are but one
consi deration in health and environnmental decision-naking.

The term "ri sk managenent" enconpasses all of those activities
required to reach deci sions on whether an associated risk requires
elimnation or necessary reduction. Ri sk nanagenent strategies/or
options can be broadly classified as regulatory, non-regul atory,
econom ¢, advisory or technol ogical, which are not nutually excl usive.
Thus |l egislative mandates (statutory guidance), politica
consi derati ons, socioeconon ¢ val ues, cost, technical feasibility,
popul ations at risk, duration and nagnitude of risk, risk conparison
and possible inpact on trade between countries can generally be
consi dered as a broad panoply of elenents that can be factored into
final policy or rule-making. Key decision factors such as the size of
t he popul ation, the resources, costs of neeting targets and the
scientific quality of risk assessnent and subsequent manageri a
deci sions vary enormously from one decision context to another (Stern
1986; Ricci & Cox, 1987; Soners, 1987, 1993; Environ, 1988;

Munro & Morrison, 1990; Merrill, 1991; Scala, 1991;
Presi denti al / Congressi onal Conmmi ssion on Ri sk Assessnent and Ri sk
Managenent, 1997a, b).

It is also recognized that risk nanagenent is a conpl ex
nmul tidisciplinary procedure that is seldomcodified or uniform
frequently unstructured, but which can respond to evolving i nput from
a wide variety of sources (Stern, 1986). Increasingly, risk perception
and ri sk comunication are recognized as inportant elenents that nust
al so be considered for the broadest possible public acceptance of
ri sk- managenent deci sions (Krewski et al., 1987; Slovic, 1987, 1993;
Kraus & Slovic, 1988; Konheim 1988; Cohrssen & Covello, 1989; US NRC
1989; Pariza, 1992; ILSI/National Safety Council, 1993; Mrgan, 1993;
Si nger & Endreny, 1993; Sandman et al., 1993; Van Eijndhoven et al.
1994).

6.2 Considerations in risk characterization

Definitions and gui dance for risk characterizati on have been
published in US EPA (1996b), where it is defined as:

"a sunmary, integration, and evaluation of the najor scientific

evi dence, reasoni ng and conclusions of a risk assessnent. It is a
conci se description of the estimtes of potential risk and the
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strengt hs and weaknesses of those estimates."”

Simlarly, the European Union defines risk characterization as: "the
estimation of the incidence and severity of the adverse effects likely
to occur in a human popul ati on or environnmental sphere due to actua

or predicted exposure to a substance, and may include risk estimation
i.e. the quantification of that |ikelihood (Hertel, 1996)

A risk characterization is the final step in risk assessnment. It
is designed to support risk nmanagers by providing, in plain | anguage,
the essential scientific evidence and rationale about risk that they
need for decision-making. In risk characterization, estimtes of the
risk to human health under rel evant exposure scenarios are provided.
Thus, a risk characterization is an evaluation and integration of the
avail abl e scientific evidence used to estinmate the nature, inportance
and, where possible, the nagnitude of human and/or environnental risk
i ncludi ng attendant uncertainty, that can reasonably be estimated to
result fromexposure to a particular environnental agent under
specific circunstances. It is inportant that risk characterizations be
clear, transparent and reasonabl e.

For the risk manager, a risk characterization answers the
qguestion: What is the inpact (in terns of potential occurrence of
adverse effects or increased risk) fromexposure to the agent? Al ong
with the concise description of risk, a characterization addresses the
uncertainty in the underlying data and nodel s. The characterization
provides a sense of the degree of confidence in the risk estimtes and
a sense of where the supporting data lie on the conti nuum between
evi dence that is based on humans, or is highly relevant to humans, and
evi dence that is based on animals or in vitro experinments.

The foll owi ng are sanple questions of risk managers that are
conmonl y addressed in risk characterization

1) VWat is the bottomline of the risk assessnent?

2) Does the risk assessnent provide sufficient information to
support a regul atory decision?

3) VWhat is the range of uncertainty around the estimated exposure
| evel and the projected nunber of people who nmay be exposed to
the chem cal ? Do we know i f people are actually being exposed to
the levels identified in the risk assessnment? Are these |evels of
public health concern?

4) What data gaps are likely to elicit criticismof the risk
estimate and/or sel ected ri sk nmanagenent options? There will
al ways be data gaps, but which are the ones that may lead to
criticismof the risk assessnent or of the risk managenent
options and deci sion(s)?

5) Are studies being conducted that will "soon" provide new
information that could fill a critical data gap or gaps?

6) Has the risk assessnment been peer reviewed? If so, by whom and
what was the outcone of the review?

7) I ndicate how likely, or if, there is a chance of zero risk. Has
zero risk actually been ruled out?
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8) VWhat is the key paranmeter that drives the analysis? Is there
research on the horizon that will address this key paraneter and
reduce its uncertainty? How nuch interest is there in issues
surroundi ng this paraneter?

9) If studies were excluded, what would be the consequence for the
ri sk assessnment results? What was the rationale for excluding
t hese studies?

Q her questions primarily concern the issue of uncertainty. Data
lie on a continuumfrom strong evidence in humans (based on extensive
epi deni ol ogy and/or other clinical/field observations) to weak
evi dence in humans, animals or other test systens (based on inconplete
data in one or a limted nunber of species, or structure-activity
rel ati onshi ps). Confidence in the conclusions of the risk assessnent
and the estimate of risk also lie on a continuumfrom high to | ow
This degree of confidence is based, to a |arge extent, on the
conpl eteness, quality and consistency of the database (i.e. the weight
of evidence). Were do the results of the risk assessnment fit on the
conti nuum from high to | ow confi dence?

* What are the specific conditions of exposure believed to cause or
contribute to the risk? Have exposures and/ or dose been neasured
in the popul ation of interest? If so, has it been possible to
rel ate exposure to actual body burden? If exposures have been
cal cul ated t hrough anal ogy, nodelling, or other estimation
techni ques, what evidence is there that the estimtes are
realistic?

* VWat is the degree of confidence in the existence of the risk and
the magni tude of the risk estimate? If the risk is based on
ani mal nodels, is there an observable parallel between humans and
the positively responding ani mal species in ternms of the
absorption, netabolism distribution and excretion of the
chemical of interest? If not, what is the basis for thinking such
a parallel exists? Is there epidemni ol ogi cal evidence indicating
that conparable effects seen in the ani mal nodel have been seen
i n hunman popul ations (e.g., heavily exposed occupational or
envi ronnental settings, accidents)?

* Can popul ation subgroups be identified who are at increased risk
of exposure and/or especially sensitive to such exposures? At a
gi ven exposure or dose level, are there observable differences in
the range of response anong different human subgroups (e.g.
infants, children, healthy adults, the elderly)? If so, have
t hese differences been eval uated and enployed in the nodels used
to calculate specific risks? If not, what evidence provides the
basi s for conclusions drawn about differences in sensitivity
anong subpopul ations and their (potential) risks?

6.3 Considerations in risk managenent

Deci si ons concerni ng managenent of risks are made on the basis of
identified and quantified risk(s), and the potential for inmpact on
i ndi vi dual humans, groups, popul ations and the environnent. This
i nvol ves consi deration of socioecononic, political, risk-benefit and
cost-benefit factors.

The anal ytical tools of risk assessnent and managenent, as
applied to chemicals with a potential for adverse effects on human
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heal th and environnental integrity, have assumed a nore critical role

in decision-nmaking in many countries and are having an increasing

i mpact on the political process. Potentially nmany jobs, new products
and industrial facilities can be created, threatened or protected by

the outcomes of risk assessnent and managenent.
6.3.1 Societal factors

The actual |evel of risk considered "acceptable" nust be a

soci etal and political judgenment taking into account such factors as
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benefit of the chenical or process, and the cost of its replacenment or

renoval .

There is increasing concern that a di sproportionate share of
human health risks, e.g., fromenvironnental pollution, is being

i ncurred by | owincone deprived and minority popul ations in devel oped

and devel oping countries, and that this has not been sufficiently
addressed in requisite risk evaluations and nmanageri al decisions

(Mushak, 1993; Silbergeld, 1993; Zimerman, 1993). It is inportant to

recogni ze, however, that lifestyle factors are often nore inportant
determ ning health status in this regard. The term "environnenta
equity" has been applied to the perceived unequal burdens borne by
mnorities and the poor in terms of where municipal landfills,

i nci nerators, hazardous waste sites and industries producing toxic

em ssions are | ocated. Race and soci oecononic status are al so |inked

in

in sone studies to chronic exposures to greater than acceptable levels

of environnental pollution such as |ead (Miushak, 1993; Sil bergeld,
1993). The term "environnmental justice" refers to diverse
envi ronnental regul ations, environnental |aw enforcenent and

envi ronnent al cl ean-up programes, including those in the workpl ace.
Hence a growi ng body of scientific evidence and political advocacy is

focusing attention on what is increasingly considered in sonme quarters

as the inequitable distribution of risk in society. The concept of

environnental justice is being built into national and supranationa

regul atory policy considerations. Requirenents to conduct risk
managenment are increasingly being incorporated into national and

supranational |egislation e.g., European Comm ssion Regul ati on CEC No.

1488/ 94, (EC, 1994).

In contrast, it needs to be recognized that regul ations that are

too stringent nmay inpact unnecessarily adversely on the soci oecononic

and, hence, health status of popul ations.

6.3.2 Individual and popul ation risks

I ndi vidual risk can be defined as the probability of soneone from
a certain group (or sub-group) suffering health effects from exposure
to a toxicant during an established period (e.g., a year or lifetine).

The distinction nade between individual risks for persons froma
critical group and that for persons fromthe whole population is
i mportant because the acceptability of a certain individual risk
varies according to the size of the group running the risk. An

i ndi vidual risk can be considered when effects are involved for which

no threshold val ue exists (stochastic effects), e.g., carcinogens,
when exposures are involved that are higher than existing threshold
val ues for non-stochastic effects.

Frequently, individual risks are calculated for some or all of

the persons in the popul ation being studied and are then put into the
context of where they fall in the distribution of risks for the entire
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popul ati on. Key questions often asked when consi dering strategies for
dealing with individual risk include:

* to what risk levels are the persons at the highest risk
subj ect ed?

* can individuals with a high degree of susceptibility be
identified?

* what is the average individual risk?

* what is the estinmate of the probability that an individual wll

suffer an adverse effect given a specific set of exposure
ci rcumst ances?

It has al so been suggested that sub-groups of the popul ation
coul d be considered in a nmeani ngful risk managenent scenario. The
di fferent factors predi sposing individuals to sensitive responses to
pol lutants include: devel opnmental processes, existing disease, prior
exposure to a particular chenical, chenical class or group of
chemicals that can act nmechanistically in a sinilar manner
nutritional deficiencies, and tobacco snoking and al cohol consunption
(Seidnman et al., 1991; US EPA, 1992).

Group or population risk (which generally is calculated) is
defined as the chance that a certain group of individuals in a certain
environnent will sinmultaneously experience the detrinenta
consequences of a significant exposure to a toxicant(s) during a
period, e.g., a year or lifetine.

A clear trend has not yet enmerged concerning the question as to
whet her risks to individuals, risks to groups or popul ations, or both,
are to be considered in significant risk decisions (Environ, 1988;
Rodri cks, 1992; US EPA, 1992). For exanple, is a large risk to a snal
nunber of individuals nmore inportant froma public health perspective
than a small risk to a |l arge nunmber of people (general public
i ngesting a food or water contani nant for a considerable tine period)?
A suggested first step followi ng any risk evaluation could be a
determ nation of whether the risk is |arge enough to threaten the
public health to a significant degree (Environ, 1988). Resources are
limted and there will always be the possibility that sonme fraction of
the population will respond adversely to a conpound or mxture
regardl ess of the exposure. The ultinmate question could be (given the
limted resources in every society) what percentage of individuals is
society unable to protect in this way? Certain sub-groups, for exanple
i di osyncratic responders, nay be given protection by appropriate
product | abelling and informati on programes.

6.3.3 Conparative risk

Ri sk inmplies uncertainty and subsequent risk evaluations and risk
managenent deci sions are concerned with the concept of probability.
There is an apparent |ack of consensus concerning the appropriate
background risk with which to nake conparisons (Environ, 1988; US NRC
1989). While many analysts would find it difficult to conpare
vol untary assuned risks to involuntarily assuned risks, proponents of
ri sk conparisons strongly suggest that there should be consolidation
and greater efforts by those engaged in risk evaluation to identify,
assess and conpare risks to public health and the environnment posed by
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t he highest risk hazards (WIson & Crouch, 1987; Wener, 1993).

Conpari sons should be seen as only one of a nunber of inputs to risk

deci sions, not as a primary deterninant (US NRC, 1989).

However, it is also suggested that many people do not perceive
the various threats to health and well-being sinply as matters of
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probability (Slovic, 1987; Kraus & Slovic, 1988; Pariza, 1992; Sandnan

et al., 1993). Indeed, estimated risks of death or di sease associ ated

Wi th exposure to chemicals in the general environnment are often

simlar to those considered rare, such as being struck by Iightening

or dying in an airplane crash, although they are not perceived as such
(W1l son, 1990). Moreover, people tend not to be deeply concerned about

risks that are a matter of choice such as snoking or notorcycle
riding. However, they do expect that governments pay attention to
ri sks that they cannot control, even though these m ght be

consi derably | ess.

6.3.4 Risk perception

VWereas anal ysts enploy risk assessnment, risk evaluation and risk

management to eval uate hazards and fornul ate strategi es and

regul ations for their reduction or elinmination, the majority of
individuals rely on intuitive judgenents typically called "risk
perception”. For these people, the experience with hazards tends to
cone fromthe news media, which principally docunent m shaps and

threats occurring globally (Slovic, 1987, 1993; Kraus & Slovic, 1988;

Cohrssen & Covel l o, 1989; Sandnan et al., 1993; Van Ei jndhoven et al.

1994) .

Ri sk perception is being increasingly recognized as an inportant
factor influencing both risk evaluation and risk nmanagenent. A nmjor

factor that influences the conplexity of the social debate over
appropriate laws and regulations is the nature and extent of the

perceived threat to health. The nessage that is frequently conveyed to

the public is that government standards for risk assessnent, risk

eval uation and regulatory action are inconsistently applied, subject
to bureaucratic mani pul ation, and subject to alteration depending on

t he degree of economic inpact on the affected industry (Minro &
Morri son, 1990).

Di fferent people perceive risks differently, depending on the
i keli hood of adverse effects, whomit affects, how famliar,
wi despread and dreaded the effects are, how a hazard affects
i ndi vi dual s personally, and whether or not individuals have
voluntarily agreed to bear the risks. Perceptions of risk are also
i nfluenced to a | arge degree by the supposed benefits derived from
accepting the risk (Slovic, 1987; Krewski, et al., 1987; Kraus &
Sl ovic, 1988; Cohrssen & Covello, 1989; Pariza, 1992; Morgan, 1993;
Sandman et al., 1993).

Ri sks perceived as potentially uncontrollable, capable of causing

a catastrophe on a global scale or risking future generations cause
public anxiety. Fig. 3 illustrates a nosaic of public perception of
risks in terms of risk space quadrants; the upper right quadrant of
this space captures uncontrollable risks that are nost likely to
provoke calls for governnment regul ation (Mrgan, 1993).

Tables 3 and 4 further depict qualitative factors affecting risk
perception (US NRC, 1989; Scala, 1991). Wile different people weigh

these factors differently in reaching their overall perceptions of the
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ri skiness of a hazard, the set of factors that are inportant in
determ ning relative perceptions of risk go well beyond the
statistical frequency, magnitude and uncertainty of effects. Public
opi nion on acceptable risk constantly changes, usually in the
direction of further risk reduction, which provides further inpetus
for additional legislation and regulation in nmany quarters (Minro &
Morrison, 1990).

6.3.5 Risk and hazard conmuni cati on

Implicit in the process of risk evaluation and nanagenent is the

i ncreasingly recogni zed role of comunication (Cohrssen & Covell o,
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1989; US NRC, 1989; Mdrgan, 1993; Sandman et al., 1993; Slovic, 1993).

Ri sk communi cation is an interactive process of exchange of
i nformati on and opi nion anong individuals, groups and institutions
i nvol ving nultiple nmessages about the nature of risk and other

nessages, nhot strictly about risk, that express concerns, opinions or
reactions to risk nessages or to legal and institutional arrangenents

for risk managenment (US NRC, 1989).

Until the m d-1980s, there was little research on conmuni cati ng

risk to the public. There is now a reasonabl e consensus on the optinum

basi c el enents of risk conmunication. These efforts should be nore
systematically oriented to the intended audi ence, addressing the

audi ence' s perspectives and concerns. To the greatest extent possible,

openness, not mnimzing the existence of uncertainty, and di scussion

of data gaps and areas of significant di sagreenent anong experts is
recommended. The acceptance of any risk is nore dependent on public

confidence in risk managenment than on quantitative estinmates of risk

Al t hough there is as yet no widely agreed structured know edge on

conmuni cati on about chem cal hazards, analyses of risk communication

efforts and case studi es suggest that risk comunication probl ens

ari se from nessage, source, channel and receiver problens (Cohrssen &

Covel l 0, 1989). Message problens relate primarily to deficiencies in

scientific understanding |leading to large uncertainties in risk

estimates or highly technical risk analyses that are unintelligible to

| ay persons. Source problens include disagreenents anong scientific
experts, failures to disclose Iimtations of risk assessnments and

resulting uncertainties, and |inited understanding of the concerns and

val ues of public groups and bureaucratic presentation. Channe

probl ens include sel ective and bi ased nedi a reporting that enphasizes
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Not observable
Unknown ta those exposed,
effect delayed, newrisk,
risk.s unk.nown b0 science

Page 60 of 91
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inhalation nuclear weapans Fallout
& mercury & zatellite crazhes
lead [autos] &
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to Future generatlnn;..eaillg smoking [autes] tranzport of liquifizd accidents
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L
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Observable
Known to those exposed,
effect immediate, old risk,
risks krown to science
Fig. 3. Public perception of rigsks interms of rizk space quadrants (Morgan, 1993)
Table 3. Qualitative factors affecting risk perception and evaluation (fron
Fact or Condi tions associated with increased

Cat astrophi ¢ potenti al

Fam liarity

Under st andi ng
Controllability (personal)
Vol unt ari ness of exposure
Ef fects on children

Ef fects mani festati on
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reduced, risk increasing, invol
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Unfamiliar
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Uncontrol | abl e

| nvol untary

Children specifically at risk

Del ayed effects
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Ef fects on future generations Ri sk to future generations

Victimidentity Identifiable victins

Dr ead Ef fect s dreaded

Trust in institutions Lack of trust in responsible institutions
Medi a attention Much nedia attention

Acci dent history Maj or and sonetinmes mnor accidents

Equity I nequi tabl e distributions of risks and benef
Benefits Uncl ear benefits

Reversibility Effects irreversible

Oigin Caused by human actions or failures

Table 4. Characteristics of risk (from Scala, 1991)

Characteristic Descri ption

Know edge Society's awareness of risk fromactivity
Newness Ext ent of societal experience

Vol unt ari ness Does i ndividual have a choi ce about

exposure to risk

Cont r ol Can an individual control exposure,
protect hinmself or control consequences

Dr eadedness How much is risk or its consequences feared
Cat astrophi ¢ potenti al Chance of wi despread di sastrous outcone
Equity Are the benefits and risk shared equally

drama, wrongdoi ng, disagreenent, conflict and oversinplification

di stortion, and inaccuracy in interpreting technical risk information.

Recei ver problens include inaccurate perception of |evels of risk

strong beliefs and opinions that are resistant to change, and demands

for scientific certainty.

There is a clear need to educate the public, including comunity

| eaders, workers and school children, to enhance awareness so that

they can take voluntarily the action required to reduce or avoid risks

associ ated with exposure to chemicals in the workpl ace and genera
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environnents (e.g., indoor air pollutants, pesticides and househol d
chem cal s).

6.3.6 Economc factors

Unli ke regul ati on, which involves strict criteria to be enforced
by regul atory agenci es, economnm c approaches to risk nmanagenent rely
| argely on economic incentives to reduce the levels of pollutants
i ntroduced into the environment (Krewski et al., 1989; Soners, 1993).

The OECD since 1972 has espoused the "Pol |l uter Pays Principle"
(PPP) concept, with the goal of nmintaining equitable trading
practices by encouraging polluters to reduce em ssions. However, it is
recogni zed that the consumer ultimately pays the cost required to
acconpl i sh environnental inprovenents. The nain types of econonic
instruments in use in CECD countries include charges, subsidies,
deposit-refund schenes, market creation arrangenments and financia
enforcenent incentives (CECD, 1991b). In 1989, the OECD adopted a
Recommendati on on the Application of the PPP to Accidental Pollution
whi ch Iinks the econonmic principle and the legal principle to damage
conpensation (OECD, 1991b).

6.3.6.1 Cost-benefit anal yses

Traditionally, risk reduction has not included a thorough
anal ysis of costs and benefits (Hammond & Coppock, 1990). I ndeed,
there is no widely adopted franework for cost-benefit.

As an exanple, three najor categories of costing relationships
are typically enployed in risk reduction by the US EPA, depending on
the situation:

a) benefit/cost analysis weighs the cost of control against nonetary
benefits of control

b) ri sk/ benefit analysis weighs the econom c benefits of a polluting
activity against the risks to health and the environnent;

c) cost-effectiveness analysis accepts the desirability of
regul ation and identifies the | east-cost solution to achieve a
gi ven goal, such as a pollution discharge standard (Ri s & Preuss,
1988).

The US EPA estimated that the annual conpliance cost for USA
federal environmental regulations in 1990 was about 2.1% of the gross
nati onal product (GNP of about 6 trillion dollars). This is expected
to increase to approxinately 2.8% of the GNP by the year 2000
(ILSI/ National Safety Council, 1993). The benefits of regulation such
as inmproved quality of life and cleaner environnent are often
difficult to quantify in contrast to the enornous costs often cited
for regulatory conpliance.

There is broad diversity of opinion as to how costs should be
considered in risk managenent decisions. Key questions include: How
much can society afford to spend to reduce risks? Wiat is an
acceptabl e cost per |ife saved? How should costs be factored into
priority-setting processes? Future success in risk managenent may to a
| ar ge degree depend on ways to wei gh benefits and costs and to strike
the appropriate balance in defining how fast to pursue risk
regul ations (I1LSI/National Safety Council, 1993; Wener, 1993).
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6.3.7 Political factors

Political factors often have an inpact on national and | oca
priorities, drafting of regulatory statutes and introduction of
resulting risk reduction nmeasures. Trade barriers and gl oba
conpetition al so have a consi derabl e inpact on risk reduction. For
exanpl e, in Canada the decision in 1980 to ban the sale of
urea-f ormal dehyde foaminsulation (UFFI) led to unprecedented public
anger (and anxi ety and resentnment), great government expense, the
| ongest civil suit in Canadian history, and appreciable politica
consequences. After an 8-year legal trial, it was concluded that there
was not sufficient scientific evidence to substantiate the reported
heal th probl ens of UFFI honme owners (Somers, 1993).

In 1977, the US Food & Drug Administration (FDA), reacting to
studies that reported the artificial sweetening agent saccharin to be
a bl adder carcinogen in rodent feeding studies, proposed to ban the
agent under the Del aney Amendnment ("zero-risk"™) requirenment. The
Congress of the USA in November 1977, reacting to the overwhel ning
public outcry in support of unrestricted use of saccharin, enacted the
Saccharin Study and Labeling Act (SSLA), which prevented the FDA from
banni ng saccharin based on the infornmation that was then avail abl e.
This made it clear that the public is willing to accept certain risks
fromfood additives if it perceives that the benefits are hi gh enough
and, possibly, that the risks are | ow enough (Flamm & Lorent zen,
1988).

6.3.8 Regulatory limts

Traditionally, one avenue of protection of human heal th has been
t hrough the establishment of exposure linits (variously referred to as
standards, quality criteria, etc.). These are established in a
two-step process, the first involving consideration of the

heal t h- based scientific data and the second invol ving establishnent of
regulatory limts, taking into account the health-based reconmendation
along with other factors.

Exanmpl es of heal t h-based exposure guidelines include the
Acceptable Daily Intake (ADI), Tolerable Daily Intake (TDI),
Provi si onal Tol erabl e Wekly Intake (PTW), and healt h-based Maxi num
Al | onabl e Concentrations (MAC). Acceptabl e/ Tol erable Intakes are the
anounts of a food additive, contam nant, pesticide or veterinary drug
resi due, expressed on a body weight basis, that can be ingested for a
lifetime without appreciable risk to health. The term ADI is commonly
used for additives to food since they inpart sonme benefi ci al
characteristic (and hence are consi dered "acceptable") while a TDI
commonly refers to environnental contam nants which are undesirable.
Maxi mum Al | owabl e Concentrations are either a time-weighted average
concentration of a substance in a medi um of exposure that does not
present appreci able hazard for continuing exposure or an upper linmt
(ceiling value) which, if exceeded, will have adverse consequences for
health. O ten, health-based guidelines are considered, along with
other factors (i.e., technol ogical, socioecononic, feasibility,
enforcenent), to devel op operational regulatory limts such as the
Maxi mum Resi due Level (MRL) for pesticides or veterinary drugs, MAC in
exposure nedi a and workpl aces, occupational Threshold Limt Val ues
(TLV), Maxi mum Wor kpl ace Concentrations (MAK), OCccupational Exposure
Limts (OEL), Air Quality Standards (AQS), Water Quality Standards
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(WQS) or Maxi num Use Level s.

Sone nedia of (direct and indirect) exposure and associ ated
limts are listed bel ow

Food
* limts for food additives, contami nants, pesticide residues,
veterinary drug residues
* limts for certain chemcals in food packaging materials
* limts for additives and contam nants in aninal feed

Cosmetics and ot her consuner products

* limts for additives and contam nants in cosnetic products (these
i ncl ude soap and toot hpaste)
* limts for other consumer products such as children's toys,

pai nts and sol vents

Wt er

* dri nki ng-water quality standards

* wat er quality standards for surface water

* wat er quality standards for fresh water used for fishing
* water quality standards for estuarine and narine waters
*

aqueous effluent standards for industrial effluents and sewage
treatment outfal

* guideline limts for the use of waste water in agriculture and
aquacul ture

Air

* air quality (anbient or indoor) limts for gases, vapours,
fibres, particul ates

* air quality standards for gaseous or snpke em ssions from
i ndustries

CQccupati ona
* occupational exposure limits for gases, vapours, dusts, aerosols
in workplace air and substances absorbed through the skin, nucous
menbranes or alinmentary tract
* regulatory linmts for exposure can be based on appropriate
bi omar kers
Soi
* l[imts for certain chemicals in soi
Agricultural chemcals

* limts for certain contam nants in agrochemicals (fertilizers)
* limts for application rates of pesticides

Cheni cal waste

* limts for disposal of chem cals as waste products
waste (including liquid and solid)
* chemical (including mxed industrial), dunps, surface water and
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deep well injection

* nmuni ci pal surface and groundwater contanination, use of sludge in
agriculture

* at nospheric effluents and residual ash fromincineration

The two stages and their outputs should not be confused. The
outputs are frequently expressed in different units. For exanple,
consi dering pesticide residues in food crops, the ADI is a daily dose
expressed in ng/ kg body weight (per day being inplicit) whereas the
MRL is a concentration on the crop expressed in ng/ kg of the produce.
The MRL may be derived on the basis of Good Agricultural Practice and,
if adhered to, would not result in the ADI bei ng exceeded even if al
t he designated crop contained the pesticide at the MRL (an unlikely
postulate). Clearly, to arrive at this conclusion requires information
on daily intakes of the conmodities carrying the residue.

6.4 Ri sk managenent options
Ri sk managers can intervene at many points:
a) to prevent the process producing the risk

b) to reduce or elimnate exposures

c) to modify the effects

d) to alter perceptions or valuation, through education and public
rel ations

e) to conpensate for damage after the fact (Mrgan, 1993).

6.4.1 Ri sk reduction

Ri sk reduction goals can vary considerably and can al so be
hanpered by the fragnented regul atory structure enforcing
environnental laws in many countries. For exanple, in the USA, the
regul atory approach to risk reduction depends upon whether a chem ca
is a food additive, a food contami nant, a pesticide, a drinking-water
contanmi nant, an air pollutant, or several of these (Rodricks, 1992).

I ncreasi ngly, however, national |egislation (such as the Canadi an
Envi ronnental Protection Act) that allows for introduction of contro
nmeasures for chemicals in a variety of nmedia is being introduced.
Essentially, such legislation enables the devel opnent of contro
neasures in the mediumthat will contribute nost significantly to
reducti on of risk. The existing substances regul ati on of the European
Uni on al so provides the opportunity for concerted acti on based on
eval uation of risks for different scenari os and routes of exposure
(EEC Council Regul ation No.793/93) (EC, 1993).

However, there is no clear consensus on what is considered a risk
of concern. Wiile target risk levels are enbodied in some nationa
| egi sl ation, other countries recormend that exposure be reduced as | ow
as possible for effects for which it is assunmed that there is no
t hreshol d.

It is also well recognized that different countries, as well as
different agencies within the sane country, often conme to different
conclusions in the manner in which they judge and manage a health risk
enpl oyi ng basically the sane scientific data (Nilsson et al., 1993;
Soners, 1993). Nilsson et al. (1993) found that 11 countries regul ated
the sane pesticides to different degrees, which should not be too
surprising recognizing the differing economc interests and statutes
(Somers, 1993).
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6.4.1.1 Technol ogy-based criteria

Technol ogy-based criteria for risk reduction are not based on
costs, benefits or rights, but rather the level of technology to
control certain risks. Regul ations based on these criteria typically
mandat e "t he best avail abl e technol ogy" (BAT) or enissions that are
"as | ow as reasonably achievable". Such rules can be difficult to
apply because peopl e sel dom agree on the definition of "avail able" or
"reasonably achi evabl e” (Mdirgan, 1993). Simlar difficulties can arise
with the inplenmentation of "good agricultural practice", "technically
achi evabl e" and "as far as nay be reasonably practicabl e".
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APPENDI X 1. PREAMBLE TO THE | ARC MONOGRAPHS

The Preanble to the Monographs sets out the objective and scope

of the eval uation programe, the procedures used when naking
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assessments, and the types of evidence considered and criteria used in

reaching the final evaluations. The list of contents is given here as
is the full text referring to the Background and Eval uation sections.
Full text of the Preanbl e should always be used when referring to the

list of evaluations provided.

Backgr ound

In 1969, the International Agency for Research on Cancer (| ARC)
initiated a progranme to eval uate the carcinogenic risk of chemcals

to humans and to produce nmonographs on individual chenicals. The
Monogr aphs programe has since been expanded to include

consi derati on of exposures to conplex m xtures of chem cals (which
occur, for exanple, in some occupations and as a result of human
habi ts) and of exposures to other agents, such as radiation and

viruses. Wth Supplenent 6 (I ARC, 1987a), the title of the series was
nodi fi ed from | ARC Monographs on the Eval uation of the Carcinogenic

Ri sk of Chemicals to Hunmans to | ARC Monographs on the Eval uation
of Carcinogenic R sks to Humans, in order to reflect the w dened
scope of the progranme.

The criteria established in 1971 to eval uate carcinogenic risk to
humans were adopted by the working groups whose deliberations resulted

in the first 16 volunes of the |ARC Mnographs series. Those
criteria were subsequently updated by further ad-hoc working groups

(IARC, 1977, 1978, 1979, 1982, 1983, 1987b, 1988, 1991; Vainio et al.

1992) .

Eval uati on

Eval uations of the strength of the evidence for carcinogenicity

arising fromhunman and experinental aninal data are nmde, using
standard ternmns.

It is recognized that the criteria for these eval uations,
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descri bed bel ow, cannot enconpass all of the factors that may be
rel evant to an evaluation of carcinogenicity. In considering all of

the relevant scientific data, the Wrking G oup may assign the agent,
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m xture or exposure circunstance to a higher or |ower category than a

strict interpretation of these criteria would indicate.

(a) Degrees of evidence for carcinogenicity in humans and in
experimental animals and supporting evidence

These categories refer only to the strength of the evidence that
an exposure is carcinogenic and not to the extent of its carcinogenic

activity (potency) nor to the nechani sns involved. A classification
may change as new i nfornati on becones avail abl e.

An eval uation of degree of evidence, whether for a single agent

or a mxture, is limted to the materials tested, as defined

physically, chemically or biologically. Wen the agents eval uated are

consi dered by the Wrking Group to be sufficiently closely rel ated,

they may be grouped together for the purpose of a single evaluation of

degree of evidence.
(i) Carcinogenicity in humans

The applicability of an evaluation of the carcinogenicity of a

m xture, process, occupation or industry on the basis of evidence from
epi dem ol ogi cal studies depends on the variability over tine and pl ace

of the nmixtures, processes, occupations and industries. The WrKking
Group seeks to identify the specific exposure, process or activity

which is considered nost likely to be responsible for any excess risk

The evaluation is focused as narrowWy as the avail able data on
exposure and ot her aspects pernit.

The evidence relevant to carcinogenicity fromstudies in hunmans

is classified into one of the foll ow ng categories:

Sufficient evidence of carcinogenicity: The Wrking Goup considers

that a causal relationship has been established between exposure to
the agent, m xture or exposure circunstance and human cancer. That
a positive relationship has been observed between the exposure and

is,

cancer in studies in which chance, bias and confoundi ng could be rul ed

out with reasonabl e confi dence.

Limted evidence of carcinogenicity: A positive association has been

observed between exposure to the agent, m xture or exposure

ci rcunmst ance and cancer for which a causal interpretation is

consi dered by the Wrking Goup to be credible, but chance, bias or
confoundi ng could not be ruled out with reasonabl e confidence.

| nadequat e evi dence of carcinogenicity: The avail able studies are of

insufficient quality, consistency or statistical power to permit a

concl usi on regarding the presence or absence of a causal association

or no data on cancer in humans are avail abl e.

Evi dence suggesting | ack of carcinogenicity: There are severa
adequat e studi es covering the full range of |evels of exposure that
human bei ngs are known to encounter, which are nutually consistent
not showi ng a positive association between exposure to the agent,

m xture or exposure circunstance and any studi ed cancer at any

observed | evel of exposure. A conclusion of evidence suggesting |ack

of carcinogenicity is inevitably Iimted to the cancer sites,
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conditions and | evel s of exposure and | ength of observation covered by
the available studies. In addition, the possibility of a very small
risk at the levels of exposure studied can never be excl uded.

In some instances, the above categories nay be used to classify
t he degree of evidence related to carcinogenicity in specific organs
or tissues.

(ii) Carcinogenicity in experinmental aninmals

The evidence relevant to carcinogenicity in experinental animls
is classified into one of the foll owi ng categories:

Suf ficient evidence of carcinogenicity: The Wrking G oup considers
that a causal relationship has been established between the agent or
m xture and an increased incidence of malignant neoplasnms or of an
appropriate conbi nati on of benign and nalignant neoplasns in (a) two
or nore species of animals or (b) in two or nore independent studies
in one species carried out at different tines or in different
| aboratories or under different protocols.

Exceptionally, a single study in one species night be considered
to provide sufficient evidence of carcinogenicity when nalignant
neopl asns occur to an unusual degree with regard to incidence, site,
type of tunbur or age at onset.

Limted evidence of carcinogenicity: The data suggest a carcinogenic
effect but are Iimted for making a definitive eval uation because,
e.g. (a) the evidence of carcinogenicity is restricted to a single
experiment; or (b) there are unresol ved questions regarding the
adequacy of the design, conduct or interpretation of the study; or (c)
the agent or mxture increases the incidence only of benign neopl asns
or lesions of uncertain neoplastic potential, or of certain neoplasns
whi ch may occur spontaneously in high incidences in certain strains.

| nadequat e evi dence of carcinogenicity: The studi es cannot be
interpreted as showi ng either the presence or absence of a
carci nogeni ¢ ef fect because of mmjor qualitative or quantitative
limtations, or no data on cancer in experinmental aninals are
avai |l abl e.

Evi dence suggesting | ack of carcinogenicity: Adequate studies

i nvol ving at | east two species are avail abl e which show that, within
the limts of the tests used, the agent or mxture is not
car ci nogeni c. A concl usion of evidence suggesting |ack of
carcinogenicity is inevitably limted to the species, tunmour sites and
| evel s of exposure studied.

(b) Oher data relevant to the evaluation of carcinogenicity and
its mechani sns

Q her evidence judged to be relevant to an eval uation of
carcinogenicity and of sufficient inportance to affect the overal
eval uation is then described. This may include data on preneopl astic
| esi ons, tumour pathol ogy, genetic and rel ated effects,
structure-activity relationships, metabolism and pharnacokinetics,
physi cochem cal paraneters and anal ogous bi ol ogi cal agents.

Data rel evant to nechani sns of the carcinogenic action are al so
eval uated. The strength of the evidence that any carcinogenic effect
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observed is due to a particular mechanismis assessed, using terns
such as weak, noderate or strong. Then, the Wrking G oup assesses if
that particular nmechanismis likely to be operative in humans. The
strongest indications that a particular nechani smoperates in hunmans
come from data on hunmans or biol ogi cal speci nmens obtai ned from exposed
humans. The data may be considered to be especially relevant if they
show that the agent in question has caused changes in exposed humans
that are on the causal pathway to carcinogenesis. Such data may,
however, never becone avail abl e, because it is at |east conceivable
that certain conmpounds may be kept from human use solely on the basis
of evidence of their toxicity and/or carcinogenicity in experimnmenta
syst ens.

For compl ex exposures, including occupational and industrial
exposures, the chenical conposition and the potential contribution of
car ci nogens known to be present are considered by the Wrking Goup in
its overall evaluation of human carcinogenicity. The Working G oup
al so determines the extent to which the materials tested in
experimental systens are related to those to which humans are exposed.

(c) Overall evaluation

Finally, the body of evidence is considered as a whole, in order
to reach an overall evaluation of the carcinogenicity to humans of an
agent, mixture or circunstance of exposure.

An eval uation may be nade for a group of chem cal conpounds that
have been eval uated by the Working Group. In addition, when supporting
data indicate that other, related conmpounds for which there is no
direct evidence of capacity to induce cancer in humans or in aninals
may al so be carcinogenic, a statenment describing the rationale for
this conclusion is added to the evaluation narrative; an additiona
eval uation may be nmade for this broader group of conpounds if the
strength of the evidence warrants it.

The agent, mixture or exposure circunstance is described
according to the wording of one of the follow ng categories, and the
desi gnated group is given. The categorization of an agent, m xture or
exposure circunstance is a matter of scientific judgenent, reflecting
the strength of the evidence derived fromstudies in humans and in
experimental animals and from other rel evant data.

* Group 1: The agent (mixture) is carcinogenic to humans. The
exposure circunmstance entails exposures that are carcinogenic
to humans.

This category is used when there is sufficient evidence of
carcinogenicity in humans. Exceptionally, an agent (m xture) may be
placed in this category when evidence in humans is | ess than
sufficient but there is sufficient evidence of carcinogenicity in

experimental aninmals and strong evidence in exposed hunans that the
agent (m xture) acts through a rel evant nmechani sm of carci nogenicity.

* G oup 2
This category includes agents, m xtures and exposure
ci rcunst ances for which, at one extrene, the degree of evidence of

carcinogenicity in humans is alnost sufficient, as well as those for
which, at the other extrene, there are no hunan data but for which
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there is evidence of carcinogenicity in experinmental animals. Agents,
m xtures and exposure circunstances are assigned to either group 2A

(probably carci nogenic to humans) or group 2B (possibly carcinogenic
to humans) on the basis of epidem ol ogical and experinental evidence
of carcinogenicity and ot her rel evant data.

* Group 2A: The agent (mixture) is probably carcinogenic to
humans.
The exposure circunstance entails exposures that are probably
car ci nogeni ¢ to humans.

This category is used when there is |imted evidence of
carcinogenicity in humans and sufficient evidence of carcinogenicity
in experinmental aninmals. In sone cases, an agent (m xture) nay be
classified in this category when there is inadequate evidence of
carcinogenicity in humans and sufficient evidence of carcinogenicity
in experinmental aninmals and strong evidence that the carcinogenesis is
nedi ated by a nechani smthat al so operates in humans. Exceptionally,
an agent, mxture or exposure circunmstance nay be classified in this
category solely on the basis of linmted evidence of carcinogenicity in
humans.

* Group 2B: The agent (mixture) is possibly carcinogenic to
humans.
The exposure circunstance entails exposures that are possibly
car ci nogeni ¢ to humans.

This category is used for agents, mxtures and exposure circunstances
for which there is linmted evidence of carcinogenicity in humans and
less than sufficient evidence of carcinogenicity in experinenta
animals. It may al so be used when there is inadequate evidence of
carcinogenicity in humans but there is sufficient evidence of
carcinogenicity in experinental animals. In sone instances, an agent,
m xture or exposure circunstance for which there is

i nadequat e evi dence of carcinogenicity in humans but

limted evidence of carcinogenicity in experinmental aninmals together
wi th supporting evidence fromother relevant data nay be placed in
this group.

* Group 3: The agent (nixture or exposure circunstance) is not
classifiable as to its carcinogenicity to humans.

This category is used nost comonly for agents, nixtures and
exposure circunstances for which the evidence of carcinogenicity is
i nadequate in humans and i nadequate or limted in experinmenta
ani mal s.

Exceptionally, agents (mxtures) for which the evidence of
carcinogenicity is inadequate in humans but sufficient in experinental
animal s may be placed in this category when there is strong evidence
t hat the nechani sm of carcinogenicity in experinental animls does not
operate in humans.

Agents, m xtures and exposure circunstances that do not fall into
any other group are also placed in this category.

* Group 4: The agent (nmixture) is probably not carcinogenic to
humans.

This category is used for agents or mixtures for which there is
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evi dence suggesting lack of carcinogenicity in humans and in
experimental animals. In sone instances, agents or mixtures for which
there is inadequate evidence of carcinogenicity in humans but

evi dence suggesting lack of carcinogenicity in experinmental animals,
consistently and strongly supported by a broad range of other rel evant
data, may be classified in this group
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APPENDI X 2. OECD S GUI DELI NES FOR THE TESTI NG OF CHEM CALS
(fromhttp://ww. oecd. org/ ehs/test/ health. htm

1. Adopted Test Cuidelines

TG 401 Acute Oral Toxicity (Updated Guideline, adopted 24th
February 1987)

TG 402 Acute Dernmal Toxicity (Updated Cuideline, adopted 24th
February 1987)

TG 403 Acute Inhalation Toxicity (Oiginal Cuideline, adopted 12th
May 1981)

TG 404 Acute Dermal Irritation/ Corrosion (Updated Cuideline,
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adopted 17th July 1992)

TG 405 Acute Eye Irritation/ Corrosion (Updated Guideline, adopted
24t h February 1987)

TG 406 Skin Sensitisation (Updated Guideline, adopted 17th July
1992)

TG 407 Repeat ed Dose 28-day Oral Toxicity Study in Rodents (Updated
CGui del i ne, adopted 27th July 1995

TG 408 Subchronic Oral Toxicity - Rodent: 90-day Study (Oiginal
Qui del i ne, adopted 12th May 1981)

TG 409 Subchronic Oral Toxicity - Non-Rodent: 90-day Study
(Original Guideline, adopted 12th May 1981)

TG 410 Repeat ed Dose Dermal Toxicity: 21/28-day Study (Original
Gui del i ne, adopted 12th May 1981)

TG 411 Subchronic Dermal Toxicity: 90-day Study (Origina
Qui del i ne, adopted 12th May 1981)

TG 412 Repeat ed Dose | nhal ation Toxicity: 28-day or 14-day Study
(Original Guideline, adopted 12th nmay 1981)

TG 413 Subchroni ¢ I nhal ation Toxicity: 90-day Study (Origina
Gui del i ne, adopted 12th May 1981

TG 414 Teratogenicity (Original Guideline, adopted 12th May 1981

TG 415 One- Generation Reproduction Toxicity Study (Oiginal
CGui del i ne, adopted 26th May 1983)

TG 416 Two- Gener ati on Reproduction Toxicity Study (Original
Qui del i ne, adopted 26th May 1983

TG 417 Toxi coki netics (Updated Cuideline, adopted 4th April 1984)

TG 418 Del ayed Neurotoxicity of O ganophosphorus Substances
Fol | owi ng Acut e Exposure (Updated Guideline, adopted 27th
July 1995)

TG 419 Del ayed Neurotoxicity of O ganophosphorus Substances: 28-day
Repeat ed Dose Study (Updated Guideline, adopted 27th July
1995

TG 420 Acute Oral Toxicity - Fixed Dose Method (Original Guideline,
adopted 17th July 1992

TG 421 Reproducti on/ Devel oprmental Toxicity Screening Test (Oiginal
CGui del i ne, adopted 27th July 1995)

TG 422 Conbi ned Repeated Dose Toxicity Study with the
Reproducti on/ Devel opnental Toxicity Screening Test (Oiginal
Gui del i ne, adopted 22nd March 1996)

TG 423 Acute Oral toxicity - Acute Toxic Cass Method (Oigi nal
CGui del i ne, adopted 22nd March 1996)

TG 424 Neurotoxicity Study in Rodents (Original Guideline, adopted
21st July 1997

TG 451 Carcinogenicity Studies (Original Guideline, adopted 12th
May 1981)

TG 452 Chronic Toxicity Studies (Original Cuideline, adopted 12th
May 1981)

TG 453 Conbi ned Chronic Toxicity/Carcinogenicity Studies (Oiginal
Qui del i ne, adopted 12th May 1981

TG 471 Bacterial Reverse Mutation Test (Updated Cuideline, adopted
21st July 1997

TG 473 In vitro Manmal i an Chronmpsonmal Aberration Test (Updated
Gui del i ne, adopted 21st July 1997

TG 474 Manmmal i an Eryt hrocyte M cronucl eus Test (Updated Gui deli ne,
adopted 21st July 1997)

TG 475 Mamral i an Bone Marrow Chronpsomal Aberration Test (Updated
CGui del i ne, adopted 21st July 1997)

TG 476 In vitro Mamralian Cell Gene Mutation Test (Updated
Qui del i ne, adopted 21st July 1997)

TG 477 Genetic Toxicol ogy: Sex-Linked Recessive Lethal Test in
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Dr osophi | a nmel anogaster (Updated Cuideline, adopted 4th
April 1984)

TG 478 Geneti ¢ Toxicol ogy: Rodent Domi nant Lethal Test (Updated
CGui del i ne, adopted 4th April 1984)

TG 479 Cenetic Toxicology: In vitro Sister Chromati d Exchange Assay
in Manmalian Cells (Original Guideline, adopted 23rd COctober

1986)

TG 480 Geneti ¢ Toxi col ogy: Saccharonyces cerevisiae, Gene Mitation
Assay (Original Cuideline, adopted 23rd Cctober 1986)

TG 481 Cenetic Toxi col ogy: Saacharonmyces cerevisiae, Motic

Recombi nati on Assay (Original Cuideline, adopted 23rd
Cct ober 1986)

TG 482 Geneti ¢ Toxi col ogy: DNA Danmge and Repair, Unschedul ed DNA
Synthesis in Mammalian Cells in vitro (Oiginal Cuideline,
adopted 23rd COct ober 1986)

TG 483 Manmmal i an Sper mat ogoni al Chronpsone Aberration Test
(Original Guideline, adopted 21st July 1997) TG 484 Cenetic
Toxi col ogy: Mouse Spot Test (Original Guideline, adopted
23rd Cct ober 1986)

TG 485 CGenetic Toxicol ogy: Muse Heritable Transl ocati on Assay
(Original Guideline, adopted 23rd Cct ober 1986)

TG 486 Unschedul ed DNA Synt hesis (UDS) Test with Manmalian Liver
Cells in vivo (Oiginal CGuideline, adopted 21st July 1997)

2. Draft Test Cuidelines

TG 403 Acut e Inhalation Toxicity (Draft Updated Cuideline, August
1996) 2

TG 408 Repeat ed Dose 90-Day Oral Toxicity Study in Rodents (Draft
Updat ed CGui deline, May 1998, EPOC Docunent)?2

TG 409 Repeat ed Dose 90-Day Oral Toxicity Study in Non-Rodents
(Draft Updated Cuideline, May 1998, EPOC Docunent)?@

TG 414 Prenatal Devel opnental Toxicity Study (Draft Updated
Cui deline, March 1998)2
TG 416 Two- Gener ati on Reproduction Toxicity Study (Draft Updated
Gui deline, April 1996)2
TG 425 Acute Oral Toxicity: Up-and-Down Procedure (Draft New
CGui del i ne, May 1998, EPOC Docunent)2

Somatic Mutation and Reconbi nation Tests (SMART) in Drosophila
nmel anogaster (Draft New CGui deline, May 1994)a

Per cut aneous Absorption: in vitro Method (Draft New Guideline, My
1996) 2

Per cut aneous Absorption: in vivo Method (Draft New Cuideline, June
1996) a

Acute Dermal Photoirritation Screening Test (Draft New Cuideline,
February 1995)a

Acute Dermal Photoirritation Dose-Response Test (Draft New Cui deline,
February 1995)2

In Vitro Syrian Hanster Enbryo (SHE) Cell Transfornmation Assay (Draft
New CGui del i ne, March 1996) 2

Acute Dermal Irritation Study in Human Vol unteers (Draft New
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CGui deline, April 1997)a

a Avail able in Portable Docunent Format or Word 6 Fornat.
1. RESUME
La maitrise des risques résultant d' une exposition a des produits

chim ques (la sécurité chimque) inplique avant tout une éval uation
scientifique - dans le neilleur des cas, quantitative - des effets

potentiels en fonction de |I'intensité de |'exposition (I'évaluation du
risque). En s'appuyant sur les résultats de cette évaluation et conpte
tenu d' un certain nonbre d autres facteurs, il est possible d' entaner

un processus décisionnel visant a élinmner ou, en cas d'inpossibiliteé,
aréduire au mninmum le ou les risques inputables a la ou aux
subst ances chi m ques en cause (la gestion du risque).

L' éval uation du risque constitue |l e cadre conceptuel dans |eque
peut s'exercer un processus ordonné d' exanen des données pernettant
d' apprécier |es conséquences sanitaires ou écol ogi ques de |'exposition
atelle ou telle substance. Aux Etats-Unis, |'Acadénie national e des
sci ences suit, pour ses évaluations du risque, une dénarche qui a fait
la preuve de son utilité (US NAS, 1983). Elle distingue quatre phases
di stinctes dans |l e processus d' évaluation: |a reconnai ssance du
danger, |'évaluation de la relation dose-réponse, |'évaluation de
| ' exposition et la caractérisation du risque.

La reconnai ssance du danger a pour objet d'apprécier les élénents
qui tendent a prouver |'existence d' effets indésirables pour |'homme,
en s' appuyant sur |'ensenbl e des données toxicol ogi ques di sponi bl es et
sur tout ce que |'on peut savoir du node d'action du produit en cause.
Il s'agit essentiell enent de répondre a deux questions, a savoir 1) si
| "agent en cause représente un danger pour |'Honme et 2) dans quelles
circonstances ce danger est susceptible de se manifester. La
reconnai ssance du danger repose sur |'analyse de diverses données qu
peuvent aller d' observations sur |'Homre a |'étude des relations entre
|"activité de la substance et sa structure. Il doit alors étre
possi bl e de se prononcer scientifiquenent sur |a question de savoir s
| a substance a expertiser peut, dans des conditions d' exposition
données, avoir des effets indésirables sur Ia santé humai ne. En
général, les effets toxiques s'observent au niveau d' un ou de
pl usi eurs organes cibles. Souvent, on s'efforce d' observer |les divers
poi nts d' abouti ssenent de |'action toxique de |a substance. On
détermne alors |'effet critique, qui représente habituellenent |e
prem er effet indésirable inmportant a apparaitre lorsque |a dose
augnent e.

L' évaluation de la relation dose-réponse consiste a établir la
relation qui existe entre la dose de produit administrée ou recue et
la fréquence d un effet nocif. Pour presque tous les types d' effets
t oxi ques (c'est-a-dire organospécifiques, neurol ogi ques ou
conportenment aux, i nmunol ogi ques, cancérogénes non génot oxi ques,
génési ques ou dével oppenent aux), on estine général enent qu'il existe
une dose ou une concentration au-dessous de | aquelle aucun effet
i ndésirable ne se produit (c'est-a-dire qu'il existe un seuil de
toxicité). Pour d autres types d'effets toxiques, on suppose qu'i
exi ste une probabilité d' action toxique quelle que soit |'intensité de

| " exposition (autrenent dit qu'il n'y a pas de seuil de toxicité). A
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" heure actuelle, cette derniéere hypothése s'applique en généra
essentiell enent aux effets nutagénes et aux effets cancérogénes
génot oxi ques.

Si |'on suppose |'existence d un seuil (par exenple, dans |e cas
d' effets non cancérogenes ou d' effets cancérogénes non génot oxi ques),
on a | ' habitude de détermner |e niveau d' exposition au-dessous duque
on estine nulle la probabilité d effets toxiques et que |'on exprinme
par | a dose sans effet nocif observable ou NOAEL, conpte tenu d'un
certain nonmbre de facteurs d'incertitude (il s'agit d' une val eur
approchée du seuil de toxicité). On peut aussi déterm ner de conbien
| a dose (la plus faible) sans effet nocif observable dépasse |le niveau
d' exposition estiné (c'est-a-dire la "narge de sécurité") en fonction
des diverses sources d'incertitude. C est une nméthode que |'on a pu
souvent qualifier d' "évaluation du degré de sécurité". Par conséquent
| a dose que |'on peut considérer en premi ére approximtion conme |e
seuil de toxicité, c'est-a-dire |la NOAEL, constitue |la dose critique.
On a toutefois de plus en plus tendance a utiliser la "dose de
réf érence", une estimation (ou la limte inférieure de |'intervalle de
confi ance correspondant), obtenue par nodélisation, de | a dose
produi sant |'effet critique avec une fréquence particuliére (par ex.
5% pour |'évaluation quantitative de la relation dose-réponse dans le
cas de ce genre d'effets.

Il n'y a pas de véritable consensus au sujet de |la méthodol ogie a
adopter pour évaluer le risque dans |e cas de substances pour
| esquelles il pourrait ne pas exister de seuil pour |'effet critique
(par exenple | es cancérogenes génotoxi ques et | es nutagénes agi ssant
au niveau des cellules gernmnales). De fait, on utilise en pareil cas
un certain nonbre de nméthodes qui reposent en grande partie sur la
caractérisation de la relation dose-réponse. Dans ces conditions, ce
qui conpte, ce sont |les points expérinmentaux qui définissent |a pente
de |l a courbe dose-réponse (et non pas |a NOAEL, qui constitue une
prem ére approximation de | a val eur du seuil).

La troisiene phase du processus consiste dans |'éval uation de
| " exposition. Elle a pour objet de déternminer la nature et |le degré du
contact qui a eu lieu ou qui pourrait avoir lieu avec telle ou telle
subst ance chi mi que dans diverses conditions. Différentes néthodes
peuvent étre utilisées pour procéder a ce type d' évaluation. En
général il s'agit de méthodes directes ou indirectes conportant |a
nmesure des concentrations dans |'environnenent et celle de
| " exposition individuell e ou de marqueurs biol ogi ques. On fait souvent
appel aussi a des nodéles et a des questionnaires. L'évaluation de
| ' exposition nécessite |la déterm nation des ém ssions de produits
chi m ques, des voies qu'ils enmpruntent et de la vitesse de | eur
dépl acenent, de méne que |eur transfornati on ou déconposition, afin
d' éval uer la concentration a laquelle |es popul ati ons hunai nes ou | es
différents conpartinments de |'environnenent (eau, air, sol) peuvent
étre exposeés.

Selon |l e but de |I'évaluation, |le résultat numérique peut se présenter
sous la forme d' une estimation de |'intensité, de la vitesse,de |la
durée ou de la fréquence du contact ou encore d une estimation de la
dose (quantité de produit qui franchit effectivement la limte). Il
i mporte de noter que c'est |a dose interne, et non |e niveau
d' exposition externe, qui déternmine |'effet toxique d' une exposition
donnée.

La caractérisation du risque constitue |a phase finale du

http://www.inchem.org/documents/ehc/ehc/ehc210.htm 6/1/2007



Principles for the Assessment of Risks to Human Health from Exposure to Chemicals (... Page 88 of 91

processus d' évaluation du risque. Elle a pour but de faciliter la
tdche de ceux qui ont la responsabilité de gérer ce risque en |eur
fourni ssant, en | angage ordinaire, |es données scientifiques
essentielles et |les principes de base sur |esquels appuyer |eurs
décisions. En particulier, on |eur donne une évaluation du risque pour
| a santé humai ne dans des situations d' exposition appropriées. La
caractérisation du risque revient donc & évaluer et a intégrer les
données scientifiques disponibles pour déterniner |a nature,

| "inmportance - et souvent |'anpleur- du risque biologique ou
écol ogi que qu' une exposition a tel ou tel produit peut faire courir
dans des circonstances précises, conpte tenu des incertitudes qui |ui
sont attachées.

Par "gestion du risque" on entend |'ensenble des activités a
nettre en oeuvre pour pouvoir décider si le risque associ é a une
subst ance donnée appelle une élimnation ou une réduction. Les
stratégies et les options qui s'offrent en la mati ére peuvent étre
cl assées en gros selon |leur nature en réglenentaires, non
régl enent ai res, écononi ques, conseill ées, ou technol ogi ques, |es unes
n' excl uant pas forcénent |les autres. Ainsi, les nandats | égislatifs
(les directives réglementaires), |les considérations politiques, |es
val eurs soci oéconomni ques, |le colt, la faisabilité technique, les
popul ati ons exposées au risque, la durée et |'anpleur du risque et |les
conséguences possi bl es sur | es échanges comerci aux internationaux,
constituent toute une panoplie de facteurs dont il pourra étre tenu
conpte dans la politique ou la réglementation finale. Les déternminants
fondanentaux de la décision tels que la taille de |a population, les
ressources, |es dépenses a envi sager pour atteindre |l es objectifs de
nméne que la valeur scientifique de |'évaluation du risque et des
options opérationnelles ultérieures varient considérabl ement d' un
contexte a |'autre. Il est égalenment adnis que |la gestion des risques
est une procédure conplexe et de nature pluridisciplinaire, qui se
présente rarenent sous une forme codifiée ou uniforne, qu' elle est
souvent peu structurée, mais qu' elle est néannbi ns susceptible de
prendre en conpte des données changeantes émanant des sources |les plus
di verses. On estine de plus en plus que |la perception du risque et le
probl éme de | a communi cati on sont aussi des él énents inportants a
prendre en considération si |'on veut que | es décisions soient
acceptées par le public le plus |arge possible.

Les produits chim ques sont devenus indispensables a |' Honme,
qu' il s'agisse de lui pernettre de nener a bien ses activités et son
dével oppenent, de prévenir et de conbattre de nonbreuses nal adi es et
d' accroitre les rendenents agricoles. En dépit de tous ces avant ages,

| es produits chimques, surtout s'ils sont mal utilisés, peuvent avoir
des effets néfastes sur |la santé humaine et sur |'environnement.
L'utilisation généralisée de ces produits dans |'ensenble du nonde
augnente le risque d effets indésirables. On peut s'attendre a ce que
| es industries chiniques poursuivent |eur croissance dans |es pays
dével oppés comme dans | es pays en dével oppenent. Conpte tenu de cel a,

| " évaluation et |a gestion des risques résultant de |'exposition aux
produits chi m ques apparai ssent conme des priorités de tout premer

pl an dans | a recherche d'un dével oppenent durabl e.
1. RESUMEN
El control de los riesgos de exposicion a productos quimn cos

(seguridad quimca) requiere en prinmer lugar una eval uaci 6n
cientifica, idealnente cuantitativa, de |l os efectos potenciales con
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det er mi nadas concentraci ones de exposici 6n (eval uaci 6n del riesgo).
Tomando cono base | os resultados de |a eval uaci én del riesgo y

teni endo en cuenta otros factores, se puede conenzar un proceso de
adopci 6n de deci siones encam nado a elinmnar o, si esto no fuera
posible, reducir al minino el riesgo de exposicién a | os productos
qui m cos objeto de examen (eval uaci 6n del riesgo).

La eval uaci 6n del riesgo es un narco conceptual que proporciona
el mecani snb que pernite un exanen estructurado de |a infornmaci 6n de
interés para la estimacion de los resultados en la salud o en el nedio
anbiente. En la realizaci 6n de | as eval uaci ones del riesgo, el nobdelo
de | a Academ a Nacional de Ciencias ha resultado un instrunento 0ti
(US NAS, 1983). En este nodelo el proceso de eval uaci 6n del riesgo se
divide en cuatro etapas distintas: identificacion del peligro,
eval uaci 6n de |l a rel aci 6n dosi s-respuesta, eval uaci 6n de | a exposici 6n
y caracterizaci 6n del riesgo.

La identificacién del peligro tiene por objeto evaluar |a
i nportancia de | as pruebas relativas a | os efectos adversos en el ser
humano, baséandose en | a eval uaci 6n de todos | os datos disponibles
sobre la toxicidad y el mecani snpb de acci 6n. Esté concebi da para
abordar fundamental mente dos cuestiones:1) si un agente puede
representar un peligro para |a salud de |os seres hunanos y 2) en qué
ci rcunst anci as puede manifestarse un peligro identificado. La
identificacion del peligro se basa en el andlisis de diversos datos,
gue pueden ir desde | as observaciones en el ser humano hasta el
anadlisis de las relaciones existentes entre la estructura y la
actividad. El resultado de la practica de identificacién del peligro
es un dictanmen cientifico en cuanto a si el producto quinico eval uado
puede, en determ nadas condi ci ones de exposici 6n, causar un efecto
adverso en la salud de | os seres humanos. En general, se observa
toxi ci dad en un 6rgano destinatario o en mas. Con frecuencia se
detectan efectos finales miltiples tras |a exposicién a un producto
quimco concreto. Se determ na el efecto critico, que normal nente es
el primer efecto adverso inportante que se produce al aunentar |a
dosi s.

La eval uaci 6n de |la rel aci 6n dosi s-respuesta es el proceso de
caracterizaci6n de la relaci 6n existente entre la dosis de un producto
adnmi ni strado o recibido y la incidencia de un efecto adverso en la
salud. En la mayor parte de |l os tipos de efectos téxicos (es decir,
especificos de 6rganos, neurol 6gi cos/del conportam ento, innunitarios,
car ci nogénesi s no genotoxica, en |la reproducci 6n o en el desarroll o),
se suel e considerar que existe una dosis o concentraci 6n por debajo de
la cual no se producen efectos adversos (es decir, un unbral). Para
otros tipos de efectos toxicos, se supone que existe al guna
probabilidad de peligro en todas |as concentraci ones de exposici6én (es

decir, que no existe un unbral). En |l a actualidad, el Gltino supuesto
se aplica fundamental nente a |a nmutagénesis y | a carcinogénesis
genot Oxi ca.

Si se supone |l a existencia de un unbral (por ejenplo, para |os
ef ect os no neopl asicos y para | os carcinégenos no genot 6xi cos),
normal nente se estinma que existe un nivel de exposicion por debajo de
cual no hay efectos adversos, basado en |a concentraci 6n sin efectos
adver sos observados (NOAEL) (aproximaci 6n del unbral) y en factores de
i ncertidunbre. Qtra posibilidad consiste en examnar |la magnitud en | a
cual la concentraci 6n sin efectos adversos observados (o efectos
mini nbs) (NOAEL o LOAEL) es superior a |la exposicién estinada (es
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decir, el "margen de seguridad"), teniendo en cuenta distintas fuentes
de incertidunbre. Anteriornente, este nétodo se ha descrito con
frecuencia como una "eval uaci 6n de | a seguridad". Por consiguiente, es
fundanmental | a concentraci 6n que se puede consi derar conp una prinera
aproxi maci 6n del unbral, es decir la NOAEL. Sin enbargo, en la

eval uaci 6n cuantitativa de la relaci 6n dosi s-respuesta se propone cada
vez mas el uso de |la "dosis de referencia", estinaci6n derivada de un
nodelo (o su limte de confianza mas bajo) de un nivel de incidencia
det erm nado (por ejenplo, del 5% para el efecto critico.

No hay un consenso claro sobre | a netodol ogi a apropi ada para |a
eval uaci 6n del riesgo de |os productos quimicos sin unbral para e
efecto critico (es decir, carcinbdgenos genot6xicos y nutéagenos de
células germnales). Es mas, en tales casos se han adoptado di versos
nmét odos basados fundamental nente en | a caracterizaci6n de |la relacién
dosi s-respuesta. Por consiguiente, |os puntos criticos de |os datos
son | os que definen |la pendiente de la relaci 6n dosis-respuesta (nas
gue | a NOAEL, que es la prinmera aproxinmaci 6n de un unbral).

La tercera etapa en el proceso de evaluaci 6n del riesgo es la
eval uaci 6n de | a exposici 6n, que tiene por objeto determinar |a
naturaleza y la anplitud del contacto experinentado o previsto con |as
sustanci as quinicas en distintas condiciones. Se pueden utilizar
nunmer osos netodos para realizar |as eval uaci ones de | a exposicion. En
general, | os métodos incluyen técnicas indirectas y directas, que
conprenden | a nedicion de |as concentraci ones en el nedio anmbiente y
| as exposi ci ones personal es, asi conop bi omarcadores. Tanbi én se
utilizan con frecuencia cuestionarios y nodelos. La eval uaci 6n de |la
exposi ci 6n requiere la deterninaci6n de |as em siones, las rutas y |las
vel oci dades de despl azam ento de una sustancia y su transformaci 6n o
degradaci 6n, a fin de estimar |as concentraci ones a |as cual es pueden
estar expuestas pobl aci ones hunanas o las distintas esferas del nedio
anbi ente (agua, suelo y aire).

En funci 6n de la finalidad de una eval uaci 6n de | a exposici 6n, el
resul tado numérico puede ser una estinmaci6én de la intensidad, |a
vel ocidad, la duracidén o la frecuencia de |a exposicion o |la dosis por
contacto (cantidad resultante que real nente cruza la frontera). Para
| a eval uaci 6n del riesgo basada en la relaci 6n dosis-respuesta, el
resultado normal nente incluye una estinmaci 6n de la dosis. Es

i nportante seflalar que es la dosis interna, no el nivel exposiciédn
externa, la que determina el resultado toxicol 6gico de una exposici 6n
det er m nada

La caracterizacion del riesgo es la ultim etapa de |a eval uaci 6n
del riesgo. Esta concebida para prestar asistencia a | os especialistas
en gestion del riesgo nediante el sumnistro, en |l enguaje sencillo, de
pruebas cientificas esenciales y de |os fundanentos en relaci én con e
ri esgo que necesitan para adoptar una decision. En la caracterizaci6n
del riesgo se proporcionan estinaciones del riesgo para |la salud
humana en | os nodel os de exposici én pertinentes. Asi pues, una
caracterizaci 6n del riesgo es una evaluaci6n e integraci 6n de |as
pruebas cientificas disponibles utilizadas para estinar |a natural eza,
la importancia y con frecuencia |la magnitud del riesgo humano y/o para
el medi o anbiente, incluidas las incertidunbres pendientes, que
razonabl emente se puede estinmar que se derivan de |a exposicién a un
agente concreto del nedio anmbiente en circunstancias especificas.

El térm no "gestion del riesgo" conprende todas |as activi dades
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preci sas para adoptar una deci si 6n sobre si un riesgo asoci ado
requiere la elimnacion o una reducci 6n necesaria. Las
estrat egi as/ opci ones de gesti 6n del riesgo se pueden clasificar a
grandes rasgos conp reglanentarias, no reglanmentarias, econdénicas,

consul tivas o tecnol 6gi cas, que no son excluyentes entre si. De esta

manera, |os nmandatos |egislativos (orientacion reglanentaria), |os
aspectos politicos, |os valores econém cos, el costo, |la viabilidad
técnica, |as poblaciones con riesgo, |la duracioén y |la nmagnitud de

riesgo, la conparaci én de los riesgos y |las posibles repercusiones en
el conmercio entre | os paises pueden considerarse, en general, conb un
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anpl i o abanico de el ementos que pueden influir en la fornulaci 6n fina

de politicas o normas. Los factores fundanmental es para decisién, conp
el tamafio de | a poblacién, |os recursos, |os costos del |ogro de |os

objetivos y la calidad cientifica de la evaluaci 6n del riesgo y las
posteri ores decisiones adm nistrativas, varian enornenente de
contexto de una decisién al de otra. Se reconoce asimsnb que |la

gestion del riesgo es un procedimento nmultidisciplinario conplejo que

raramente aparece codificado o uniforne y con frecuencia no esta

estructurado, pero que puede responder a aportaci ones en evol uci 6n de

una anplia variedad de fuentes. Cada vez se reconoce con mas
frecuencia que | a percepcion y |la comunicaci 6n del riesgo son

el ementos i nmportantes que tanbi én hay que tener en cuenta para | ograr

una aceptaci 6n publica |o nas anplia posible de | as decisiones en
materi a de gesti 6n del riesgo.

Los productos quim cos se han converti do en una parte
i ndi spensabl e de |la vida humana, que sostienen |as actividades y el

desarroll o, previenen y conbaten nunerosas enfernedades y aunentan |a

productividad agricola. A pesar de sus ventajas, |os productos

qui m cos pueden, especial mente cuando se utilizan de manera indebi da,

producir efectos adversos en |la salud humana y la integridad del nedio

anmbi ente. La aplicacion generalizada de productos quim cos en todo e

nmundo aunenta el potencial de |os efectos adversos. Se prevé que

seguira aunentando el crecimento de las industrias quinmcas, tanto en

| os paises en desarrollo conp desarrollados. En esta situaci on, se
reconoce que la evaluacion y la gestion de los riesgos de |la
exposi ci 6n a productos quin cos son una de |as prioridades nas
importantes a la hora de aplicar |los principios del desarrollo
sost eni bl e.

See Al so:
Toxi col ogi cal Abbreviations
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