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|. INTRODUCTION
Research on risk assessment has a long history and has faberdevelopment of

pertinent theorie$. In the field of regulatory toxicology, risk assessment or safety evaluation

*The views and opinions expressed in this article are those of the authors and are not necessarilydhe views
opinions of the authors current or former places of employment.
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plays a critical role especially in evaluating the carcinogenicity of biological, chemical, or
physical agents in the environmemtd, microbes, industrial chemicals, pesticides, radiation,
food additives, animal and human drugs).?

Early applications of risk assessment, where safety factors were applied to account-for inter
and intraspecies uncertainty with regard to adverse efiiectsa chemical, were devoid of any
real scientific basid. However, advances in various scientific disciplines have helped shape the

field of risk assessment. In 1983, the National Research Council (NRC) of the National

Academies (Washington, D.C., U.§ i ssued a report titled nARI

Government : Managi ng t Hen therepatetbesNRGOVoutlided fouy P a p ¢

components of the risk assessment process: 1) Hazard ldentifica®lprDose Response
Assessmefit 3) Exposte Assessmeftand 4) Risk Characterization, which have since been

incorporated in risk assessment applications around the fvorld.

! Welford C. Roberts &harles O. AbernathyRisk Assessment: Principles and Methodi@eg45, 247248 (Fan
A, Chang L, edsToxicologyand Risk Assessment, Principles, Methods, and ApplicatiewsYork: Marcel
Dekker; 1998 See als®Amanda S. Persad and Todd Stedefidk Assessmeninformation Resources in
Toxicology(4™ ed, Elsesier Publications forthcoming).

2 EPA, Integrated Risk Information Systehttp://www.epa.govi/iris(last updated Ja@5, 2007) [hereinafter IRIS].

3 A.J. Lehman &O.G. Fitzhugh100-Fold Margin of Safetyl8 Assoc. Food Drug Off. U.S. Q. BulB3-35(1954)
(The106f ol d margin of safetyd6 is a good target but not
scientific or mathematical means by which we can arrive at an absolute value. However, this factor of 100 appears
to be high enougto reduce the hazard of food additives to a minimum and at the same time low enough to allow
some use of chemicals which are necessary in food production or processing.).

* Lawrence E. McCrayAn Anatomy of Risk Assessment: Scientific and Bdrantiic Components in the
Assessment of Scientific Data on CarRisks in Comm. on the Institutional Means for Assessment of Risks to
Pub. Health, NRCCommn. on Life Sci.Risk Assessment in the Federal Government: Managing the Process
Working Papers83-102, 84(Natl. Acad. Pres&983)

®1d.

®d.

"ld.

81d.
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Modern risk assessment research has widespread applications and it influences fields that may, at
first glance, seem far moved from the standard application in regulatory toxicology. For
example, in the field of international trade law, countries wishing to implement food safety or
pest control measures that impact trade must provide scientific evidence in the fornkof a ris
assessment to establish and maintain such measures under the Sanitary and Phytosanitary
Agreement. Moreover, a country may ban products under the General Agreement on Tariffs
and Trade, which contain chemicals classified by international agenciesvas knman
carcinogens versus similar products composed of safer alternftiBesined products may
include substances and wadtiest arecovered in thenumeratedhternationainstruments, or
consumer producthat have been the subject of final goveemtal regulatorgaction in the
domestic market of the exporting patly.

Given the broad impact that classifying a chemical as a human carcinogen may have on
public health and the economy, it is not surprising that the final determinations made by various
international agencies are not always in agreeMemtlthough the weighing of carcinogenic
potential allows for improved resource allocations to protect human heatih émissions
controls, etg, the potential strain that the ultimate classification rpégce on a particular

industry has created a rather permanent union between politics and regulatory decisions in some

® Maurits Lugard & MichaeBmart, The Role of Science in International Trade |4 Reg. Toxicology and
Pharmacology, 69 (2006).

YWTO, General Agreement on Tariffs and Trade: Working GromjErport of Domestically Prohibited
Goods and Other Hazardous Substantdgtp://www.wto.org/gatt_docs/English/SULPDF/91530752 [@dhe
28, 1991).

11d. at 2.

12 Although this article focuses on carcinogenicity classification, the decisions madegdtd to noncancer
endpoints may also have profound impacts on public health and the eco8esTypdd Stedeford, et al.,
Mercury Rising: The Heated Debate Between Controlling Mercury Emissions versus Establishing Safe Levels of
Exposure to Methylmercury  APPALACHIAN NATURAL RESOURCE LAW JOURNAL __ (forthcoming
2007).
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countries. Despite the incorporation of the basic tenets of risk assessment by agencies
worldwide, the different standards or criteriar fclassifying carcinogenicity exists and often
reaches a final form through different means. For instance, the guidance utilized by European
countries is based on the underlying principle of precaution, whereas the guidance applied in the
United Statessi typically based on scientific proof.

Thus, before delving into the intricate differences between agencies in their determination
of chemical carcinogenicity, a basic understanding of the risk assessment process is needed.
Section Il provides an oveew of the risk assessment process with an embedded discussion of
Hill s criteria for causation. Section 111 gi
chemical carcinogenicity. Continuing along those lines, Section IV takes a closesridudw
these agencies designate chemical carcinogenicity. After setting the stage, Section V compares
chemical carcinogenicity classification by agency, with concluding discussion presented in
Section VI.

Il. CARCINOGENRISK ASSESSMENT

The development ohe risk assessment process began in the 1950s; although, the most
widely applied methods are those established by the U.S. National Academy of Sciences in
19832 This risk assessment paradigm consists of four basic steps (or components) that have
since bem incorporated by public health and regulatory agencies worldwide: 1) Hazard
Identification, 2) DoseResponse Assessméht3) Exposure Assessméht and 4) Risk

Characterization’

13 McCray, supran. 4, at 84.
“d.

4.
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A. HAZARD IDENTIFICATION

Hazard identification or hazard assessment isfiteein the fourstep carcinogenic risk
assessment process. As the name suggests, it is the process used to determine whether exposure
to a chemical or other agent may be responsible for an increased incidence of cancer, or some
other toxicity® Characerizing causation is a key element in hazard identification. This
assertion is often difficult, due to the general lack of adequate human data. Extrapolations from
animals to humans pose potential problems as they introduce an additional level of nigcertai
and raise the following questions: 1) does the chemical or agent pose the same carcinogenic risk
or degree of critical effett in both laboratory animals and humans?; 2) does the animal
metabolize small doses of a chemical to the same extent as teeg?dand 3) does a threshold
level exist? Regulatory policies have incorporated the use of uncertainty factors to deal with
extrapolation issues, especially with roarcinogenic agents.

However, there are many examples in which carcinogenicity iantoioassays are not
relevant to human risk evaluation. A classic example is the development of renal tumors in
male rats exposed to unleaded gasoline (See Appendix A, part a). Briefly, some chemicals bind
to a specific protein that is synthesized angke quantities in male rats and starts a cascade of
reactions, which eventually lead to renal tumors; however, this protein is not synthesized in
humans. Thus, this mod#-action is not relevant for chemiemduced tumors in humans.

Other classic modesf-action that are not relevant to humans include phenobaittated

184,
4.

18 Elaine M. Fausnan & Gilbert S. OmenrRisk Assessmeri Curtis D. KlaasserCasa r e t t & Doull 6s Tox
The Basic Sciemrcof Poisons83, 8384 (6th ed., McGrawHill 2001).

9 The critical effect is defined by EPA and others as the first adverse effect, or its known and immediate precursor,
as dose increases. (http://www.epa.gov/iris/gloss8.htm#c).
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thyroid tumors in rodents (See Appendix A, part b) and sacchatuted bladder tumors (See
Appendix A, part c).

Characterizing causation is a key element in hazard identificdtios.assertion is often
difficult due to the general lack of adequate human data. Perhaps the most influential discourse
for determining causation was put forth by Sir Austin Bradford Hill in 13¥65ince this time,
the nine viewpoints expressed by Hilr e now commonly referred to
criteria have been integrated in one form or another by neangallatory agencies for aiding
with the determination of whether a chemical is capable of causing cancer in humans. The
criteria ae summarized as follows:

1) Strength of AssociationThis element addresses the existence of large, precise risks that
preclude the finding from happening due to chance, bias, or other factors. As stated by
Hill (1965), the mortality of chimney sweepin scrotal cancer was nearly 200 times
that of workers that were not exposed to tar or minerafbils.

2) Consistency of Observed AssociationThe reproducibility of the findings from
independent investigations serves to stremgtthe argument for causaticHill stated
thissimply A The | esson here is that broadly t he
wide variety of sftuations and techniques.

3) Specificity of the AssociationThis was originally intended to refer to the increased
inference of oneause being associated with one disease. Hill proposed that this criterion

mi ght be satisfied if Athe association 1is

20 sjr Austin Bradford Hi, The Environment and Disease: Association or Causai8Procof the Royal Socy.of
Med. 295 (1965).

2|d.at295296.( Hi | I writes, fln thus putting emphasis upon th
look at the obverse of the coi . 0 )

221d. at 296297,
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and types of disease and there is no association between the work and other modes of
dyi ng, then clearly that i s & Hewevegthg ar gu
absence of this criterion no longer supports a lack of causality, since many chemicals
have since been shown to cause cancers at multiple sitgscigarette smoke aridng
or bladder cancer), and many cancers have multiple caesgs ling cancer from
cigarette smoke or radon expostie).

4) Temporal Relationship of the AssociationChemical exposures that lead to the
development of cancer may take up to 20 years or @oge cigarette smoke and lung
cancer). A fundamental determination for causality is whether the exposure preceded the
devel opment of the disease, or more simply
t he h? MhEsds?now considered one ofettstrongest criteria for an inference of
causality?®

5) Biological Gradient or Dosdresponse CurveSimply stated, this envisions the idea that
the greater the exposure to a chemical, the greater the observed effect. For example, if
the observed number ofdividuals with lung cancer increases with the number of packs
of cigarettes smoked per day, such an observation would support a causal relationship

between cigarette smoking and lung carier.

21d at 297

% EPA: Risk Assessment ForurGuidelines for Carcinogen Rigkssessmeng-14,
http://www.epa.gov/iriswebp/iris/cancer032505.(2005) [hereindter EPA 2005].

% Hill, supran. 2Q at 298.
% EPA 2005supran. 24, at 214.

27 Hill, supra n. 2Q at 298299.
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6) Biological Plausibility Strength of causation is supporteyd the identification of an
event that leads to cancer and is found to occur in the species of interest. This criterion
is, however, limited by the state of the knowledge of the day and the lack of such an
identified event is not a reason to reject ciys&
7) Coherence A causeandeffect determination may be strengthened by other sources of
information, such as animal bioassays, toxicokinetic stuitiestro assaysetc?®
8) Experimental Evidence Seldom is the case that human exposures and disease can
studied, although many occupational cohorts have inadvertently been the subjects of
onatur al experimentationd after disease pa
obtained when, for example; an increase in lung cancer parallels thoseluathvihat
smoke cigarettes. Hill viewed this criter
causation m& be revealed. o
9) Analogy Chemicals with similar structures/effects on biological systems may aid with
the analysis of causation. Alsthemicals that cause specific effects via the same mode
of-action provide further insight for causadeffect determination$:
Qualitative assessment of the data gathered in the hazard identification process takes into
account the consistency and concoxaof findings. Different agencies and programs, like the
U.S. Environmental Protection Agency (EPA), the International Agency for Research on Cancer
(IARC), the International Programme on Chemical Safety (IPCS), and the National Toxicology

Program (NTP)have their own schematic for assigning descriptors to reflect the wafight

#81d. at299
#d.; See als&PA 2005supran. 24, at 215.
¥1d.

31|d.; SeeEPA 2005 supran. 24, at 215.
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evidence for carcinogenicity. Il n gener al, t he
human <carcinogen, 6 with an effort aitmeed t o
descriptors will be discussed in further detaiSiection V.

B. DOSERESPONSEASSESSMENT

Once a hazard has been identified, a dose response assessment is performed to
characterize the relationship between the dose or level of exposure to the tlamithe
incidence of disease in exposed individuals. Dose response curves are generated in order to
determine quantitative estimates for risk characterization. In constructing and interpreting dose
response curves, the following effect levels are wgigd animal bioassays: EP(effective dose
corresponding to a 10% increase of an adverse effect),(dbdse producing 50% lethality)Cso
(concentration producing 50% lethality), NOAEL (no observed adverse effect level) and LOAEL
(lowest observed adverseffect level). It should be noted that although a NOAEL may be
derived from a study, it does not necessarily translate into dreiskevel. Animal bioassays
typically involve the administration of high doses of the chemical or agent. These doses may
instigate questions as to the relevance of the risks to humans, who are often exposed to doses that
are typically orders of magnitude lower.

A critical issue in the dose response assessment is the determination of linearity of the
exposure and incidencd oancer upon extrapolation to lower exposure levels. Dose response
assessments involve the consideration of the intensity and pattern of exposure as well as the
individual 6s response to t he -pdisosing thatocEuogdd e x a mp
Iragq in 1971, the concentration of mercury in blood was used as an expression of dose under

long-term exposur&. In separate graphs depicting mercury concentration and the percentage of

32 RAIS, Toxicity Profiles: Toxicity Summary for Methyl Mercudyl.3 Chronic Toxicity: 3.1.3.1. Human
http://rais.ornl.gov/tox/profiles/methyl_mercury_f V1.shtml (last updated Feb. 13, 1998).
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parasthesia, ataxia, or dysarthria cases, a dose threshold wasdistn other words, there
was a dose, below which, little or no adverse effects were repérted.
C. EXPOSUREASSESSMENT

Exposure assessment focuses on the exposure itself and typically involves field
experiments, estimation of exposure, and charactenizaf the exposed or potentially exposed
population. The underlying goal of this step in the risk assessment process is to determine the
amount of the chemical or agent that is reaching the target tissues. This involves gathering
information on the intesity, frequency, and duration of human exposure or estimating exposures
from the release of chemicals into the environment and calculating the level of total eXposure.
To determine overall exposure, relevant exposecific pathways must be calculatefl.key
resource in this step is tHePA Exposure Factors HandboBkwhich summarizes available
statistical data on various factors used in assessing human exposure including food consumption,
drinking water, soil ingestion, inhalation rates, dermal aligorpbreast milk intake, activity
patterns, consumer products use, and residential building charactéfistics.

For cancer risks, lifetime exposure estimates are often calculated, but there are a few
cases in which shoeterm exposure limits are determined classic example is shetgérm

exposure of high levels of ethylene oxide, a m@ade precursor in the production of antifreeze

®1d.

*1d.

% EPA 2005supran. 24, at 41.

3 EPA: National Center for Environnméal AssessmenExposure Factors Handbopk
http://cfpub.epa.gov/nceal/cfm/recordisplay.cfm?deid=12464&CFID=17412887&CFTOKEN=859%48225
updated Decl18, 2006) (The last published version handbook was released in 1997. The EPA is currently in the

process of revising this handbook which is expected to be released for external peer review in December 2006.).

3" EPA: National Center for Environmental #esssmenExposure Factors Handbopk
http://www.epa.gov/ncea/pdfs/efh/front.qdfug. 1997).
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couldresult in increased incidence of leukemia and stomach c&hdie EPA is not the only
agency that gathers exposurdajdahe IPCS issues chemigecific criteria documents, while
IARC and NTP have their own versions to aid in the exposure assessment phase.
D. RISk CHARACTERIZATION
Risk characterization is the last step in the risk assessment framework and is timgrsteppi
stone for risk management. Here, information from the hazard identification;reksmse
assessment, and the exposure assessment for a particular chemical or agent is synthesized in an
effort to characterize risk. This step characterizes the potémtiaarcinogenicity by addressing
the following questions: Owhat i's the nature
popul ation?d, o6how robust is the *eAcdodliegtec e ? 6,
the most recent EPA cancer guides, the risk characterization summary for a particular
chemical or agent should include:
Primary conclusions about hazard, dossponse, and exposure, including
alternative modes of action with significant biological support; nature of key
supportinginformation and analytic methods; risk estimates and their attendant
uncertainties; statement of the extent of extrapolatiofi risk estimates from
observed data to exposure levels of interest and its implications for certainty or
uncertainty in quantifyig risk; significant strengths and limitations of the data
and analysis, including any major peer review issues; appropriate comparison
with similar EPA risk analyses or common risks with which people may be

familiar; and comparison with all appropriatess@ssments of the same problem by
others™

38 Agency for Toxic Substances and Disease Regitiy,x FAQds f or, Et hyl ene Oxi de
http://www.atsdr.cdc.gov/tfacts137.htfdan. 2007).

39 Faustmansupran. 18, at 8384.

“The extent of extrapolation may refer to a 6margin of
of departurgPOD) over an exposure estimate.

“1 EPA 2005supran. 24, at 55 - 5-6.
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A classic example of the dynamics of risk characterization is seen in the case of asbestos
exposure and lung cancer mortality. In a deessponse assessment of asbestos, an increase in
lung cancer mortality is aterved among asbestos work€r$he exposure assessment revealed
increasing exposure to asbestos dust over firRésk characterization merges these findings and
solidifies associations by taking into account the onset and duration of exposure with teespect
lung cancer mortality.

In calculating carcinogenic risk, the cancer slope factor, derived from theregmese
assessment, is multiplied by the level of intake as determined from the exposure as$éssment.
For cancer s, t he tséorchmonié daitytintake eieraged avexr VOl y§aisr e f e r
multiple exposures are linked to a single carcinogenic endpoint, a cumulative risk is
ascertained® The determination of a cumulative risk involves the summation of each
contributing risk. It should baoted that overly conservative assumptions, when combined, may
|l ead to erroneous risk esticmastee ss.celhlaud ,o 0i tesitd
not be exclusively utilized Scientific uncertainty, common sense, and reasonable applicdtio
assumptions and policy should be weighed in the risk estimAte.c or di ng t o EPA®
Guidelines for Carcinogen Risk Assessment, risk calculations do not have to defeynadn a

cancer slope factor; a reference dose can be substituted in thierdlizhe allowance for such

“2EPA, IRIS: Asbestos (CASRN 1332-4), http://www.epa.gov/iris/subst/0371.htm (last updated Jan. 25, 2007).

“d.

“ EPA, Radiation Risk Assessmehittp://www.epa.gov/radiation/assessment/index.iflast updated Nov. 15,
2006).

*1d.

*©1d.

“"EPA 2005supran. 24, at 119.
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a change has introduced the concept oflgarity in cancer risk assessment. In other words,

the cancer slope factor, generally assumes that a linear relationship between the chemical or
agent and the incidence of cancdy allowing the use of a reference dose, one can make the
argument that a threshold dose has to occur before cancer incidence can be observed.

Risk characterization is highly subjective and heavily dependent on the preceding steps in
the risk assessmentrqeess. How the first three steps of the risk assessment process are
conducted impacts how the risk is characterized. It is important to note that though risk
characterization is the last step in the risk assessment paradigm, it is the first stepsk the ri
management process.

[I. INTERNATIONAL REGULATORY AGENCIES
A. INTERNATIONAL AGENCY FORRESEARCH ONCANCER (IARC)

The IARC is a product of the 18th World Health Assembly A RC&6s mi ssi on of
research for cancer c o n alrcaldbdratican iinnidentifying capcero mo t e
etiology and preventative measuf€stounding countries included the Federal Republic of
Germany, France, Italy, the United Kingdom, Northern Ireland, and the United States of
America, with its headquarters located_.iyon, France. Membership has since grown to include
over a dozen countriéd Representatives from these countries as well as the Dir€etoeral of

the World Health Organization form the Governing Council for IARC.

“8]ARC, IARC Mission: Cancer Research for Cancer Contnttp://www.iarc.fr/ENG/General/index.pHfast
updated2006)[hereinafter IARC].

49 According to the 12 Edition of Intl. Agency for Research on Canc®tatues, Rules and Regulations
http://www.iarc.frfENG/General/StatuteEnglish.gtifay 2003), in addition to the founding countries, the
following countries are members of IARC: Australia, Belgium, Canada, Denmark, Finland, Japan, Netherlands,
Norway, Russiairederation, Spain, Sweden and Switzerland. However the Russian Federation, with original
member ship established one week after | ARCO6s formatio
(http://www.iarc.frfENG/General/membership.phpurther, the website claims to have a total of 16 countries
(with the United Kingdom and Northern Ireland counted as one country) than the 18 listed on the statues.
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This council, responsible for the diteon of its general policy, has repeatedly
emphasized that | ARC6s mission is not geared
care, formulation of policies, or legislation aimed at controlling carcinogens, or direct
involvement in the implemertian of control measure¥. The Scientific Council, which
consists of highly qualified scientists appointed by the Governing Council, is responsible for
recommending programs of permanent activities as well as preparing special projects for
submission tahe Governing Council and evaluating special projects sponsored by the Ajency.
The scientific programs thus far have emphasized the incidence and impact of human cancer,
etiology, methodological research, early detection, and prevention.

IARC publishes aseries of monographs reviewing the data on the carcinogenicity of
substances for which humans are expo€®deria for evaluating carcinogenic risk to humans
were first developed in 1971 and have undergone several revididfmswever, IARC cautions,
fi iclnsion of an agent in tHdonographsd o es not i mply that it is a

IARC expanded its scope in the rli880s from evaluating the human carcinogenic risk
from individual chemicals to assessing risks associated with exposures to complex ramtures

other biological and physical agenfsResearch endorsed by IARC currently focuses on

*0JARC, supran. 48.
*1]ARC, Governane, http://www.iarc.fr/ENG/General/governance.php (2006).

2 |ARC, Preamble to the IRAC Monographs, General Principals and Procedures, Background
http://monographs.iarc.frfENG/Preamble/currentalbackgiod06.php (last updated J&3, 2006)hereinafter
IARC Backgroundl

“The term 6carcinogend in the | ARC monographs refers t
of malignant neoplasm; the induction of benign neoplasms may in some circumstances contribute to the judgment
thatan expasr e i s c ar c iPreamble to the IRAC MonddRaphs, General Principals and Procedure,
Objective and Scophttp://monographs.iarc.frfENG/Preamble/currenta2ohje6i06.php (last updated J&3,

2006) [hereinafter IARG/lonograph¥

541d. at 5.
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epidemiology, environmental carcinogenesis, and research training to aid in the understanding of
human cancers and the relationships between man and his enviroReeent studies have
analyzed genetic, social, and other inherent factors that may contribute to the development of

cancer.
B. INTERNATIONAL PROGRAMME ONCHEMICAL SAFETY (IPCS)

Established in 1980, IPCS is a joint effort by the World Health OrganizatiétO)\the
International Labour Organization (ILO), and the United Nations Environmental Programme
(UNEP). The impetus for the development of this program came from the 1972 United Nations
Conference on the Environment, a conference that also resultedinSieo c k hol m 197 2:
of the United Nations Conf &rTeemair obealivestofithe Hu ma
| PCS are fAto establish the scientific basis
environment from exposures to chemicals; an@rtwvide technical assistance in strengthening
national capacities for t FPdo fslfil these objectivesatiee me n t
IPCS divides its activities into the following categories: 1) evaluation of chemical risks to human
health”, 2) poisms information, prevention and managem&n8) cermical incidents and

emergenciesifcluding public health preparedness, response, prevention and surviflamce

%5 United Nations Envtl. Programmé&tockholm 1972, Report of the United Nations Conference on the Human
Environmenthttp://www.unep.org/Documents.multilingi@efault.asp?DocumentID=97&Articlelaccessed
Apr. 1, 2007).

*WHO, Intl. Programme on Chemical Safety (ICP&)p://www.who.int/ipcs/about_ipcs/ipcs_fact_sheet.pdf
(accessed Apid, 2M7) [hereinafter ICPS].

57d.
8 4.

4.
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4) capacity building® In the evaluation of the risks posed by specific chemicals, ths iP@ot
only responsible for the preparation and publication of these risk assessment documents, but also
plays a role in the fAdevelopment, I mpr ovemen
scientificallysound guidance for risk assessment; and deselopment of international
consensus on emerging i%sues of international
As a result, the IPCS publishes a voluminous number of scientifically rigorous,
internationally peereviewed documents including Environmental Health Criteria (EHC),
monographs, Concise International Chemical Assessment Documents (CICAD), International
Chemical Safety Cards (ICSC), and Poisons Information and Antidote Monographs (PIAM). In
collaborative efforts with the Joint FAO/WHO Expert Committee on Food AdditWVEEKA)
and the Joint FAO/WHO Meeting on Pesticides Residues (JMPR), the IPCS is also involved in
providing risk assessment documents on food safety with the Codex Alimentarius Commission.
As a service to both developed and developing countries, thesmeotsuare accessible to the
public from a number of sources, the most common of which is the IPCS INEHEdbsite
(www.inchem.org). This level of accessibility allows countries worldwidefuill their
commitments under Chapter 19 of Agenda 21 from t9@21nited Nations Conference on
Environment and Developmenn Environmentally Sound Management of Toxic Chemiéals.
Chapter 19 cdlaboratieneon chéniical safetly between the UNEP, the ILO, and the

WHO in the IPCS should be the nucleus foemngtional cooperation on environmentally sound

014,
514.

%2 |PCS INCHEM is a database that provides electronic access to thousands of searchable full text documents on
chemicals and chemical risks.

83 |LO, Chemical Safety in Asia: Law and Practi@®oleof the ILO in Chemical Safety
http://www.ilo.org/public/english/protection/safework/papers/asiachem/chZlastrupdated Feb. 2000)
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management of toxic chemicalahd that'cooperation with other programmes such as those of
the Organization for Economic Cooperation and Development and the European Communities
and other regional and govenental chemical programmes should be promotéd.”

C. INTEGRATED RISK INFORMATION SYSTEM (IRIS)

The Integrated Risk Information System (IRIS) was originallyedtgped for internal use
at the EPA® IRIS became publicly available in 1988, fins email, then through the U.S.
National Library of Medicinebds TOXNET system
Service (NTIS), and finally on EPARbCurentpt er net
the I RI'S dat abase r eceiperdayandis pcognzad merldwede gsa2 1, 0
repository of health effects information on hundreds of chemical substances in the
environmenf’

Information in the IRIS database is not targeted towards individuals with extensive
training in toxicology but ra#r is intended for individuals with some knowledge of health
science$® IRIS focuses on the hazard identification and desponse steps in the risk
assessment process, providing qualitative and quantitative chronic health inforthafidwe.

primary quatative and quantitative health hazard information in IRbSludes carcinogen

% d.
% EPA, Integrated Risk Information Systelnttp://www.epa.gov/iris(last updated Jan. 25, 2007).

% EPA, National Center for Environmental Assessment: Office of Research and Develdpeseist Assessment
f or U. Stegrdied Rigksnformation Systed, http:/www.epa.gov/IRIS/iris_needs.p@ast updated Sept.
2003).

57 EPA, Statistics for iriswebpDisk Usage Statistics for iriswebbttp://www.epa.gov/reports/objects/iriswelfast
updated Apr. 2007SeealsoInternational Toxicity Estimates for Risk (ITERttp://wwwiter.org, is a data
warehouse links to the IRIS database as well as resources that house risk values such as Health Canada and RIVM
databases. The ITER websitzeives about 12,000 hits per day.

S EPA,IRIS: What is IRIShttp://www.epa.gov/iris/intro.htnflast updated Jan. 25, 2007).
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classifications, unit risks, cancer slope factors, oral reference doses (RfD), and inhalation
reference concentrations (Rf®)] R1 S i s i nguidenind evaluatings poteaii hdalth
hazards and selecting a responsé' to alleviate
D. NATIONAL TOXICOLOGY PROGRAM (NTP)

The NTP was established to coordinate toxicology testing programs wit@imow
known Department of Health and Human Seesi¢DHHS)’* Founded in 1978 by the Secretary
of Health, Education and Welfare, the preeesor of DHHS, this United Statessed program is
not only responsible for coordinating toxicology testing programs within the federal government
but alsostrengthemg the scientific knowledge about the tested substances, developing and
validating improved testing methods, and providing information to its stakeholders which
include health, regulatory, and research agencies as well as the’p(fblic.

The National Instute of Environmental Health Sciences (NIEHS), the National Institute
of Occupational Health and Safety (NIOSH), and the National Center for Toxicological Research
(NCTR) serve as the core of the NTP. Representatives from these agencies as well.8s the
Agency for Toxic Substances and Disease Registry (ATSDR), the U.S. Consumer Product Safety
Commission (CPSC), the EPA, the U.S. National Cancer Institute (NCI), and the U.S.
Occupational Safety & Health Administration (OSHA) are responsible for thenaitgolicy

oversight. The Scientific Advisory Committee on Alternative Toxicological Methods and the

PEPA, IRIS: IRIS Limitationshttp://www.epa.gov/iris/limits.htm (last updated Jan. 25, 2007).
.

"2NTP, History of the NTPhttp://ntpserver.niehs.nih.gov/index.cfm?objectid=72016&IB7-CEBA-
FE4B970B9E72BF54last updatedct. 2004).

=d.

" NTP, Taxicology in the 2% Century: The Role of the National Toxicology Prograitp:/ntp
server.niehs.nih.gov/ntp/main_pages/NTPVision(pab. 24, 2004).
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NTP Board of Scientific Counselors handled the external scientific oversights anckeyiear

for the program. A special committee known as the ReporCarcinogens Subcommittee
issuedthe congressionally mandated Report on Carcinogens, with'itediflon currently open

for public comment? This report lists known carcinogens and substances that are anticipated to
be carcinogens with brief profilesrfeach substance.

[V. INTERNATIONAL GUIDANCE DOCUMENTS FORIDENTIFYING CARCINOGENS

A. PREAMBLE TO THE IARC MONOGRAPHS ON THEEVALUATION OF CARCINOGENIC RISKS TO
HUMANS

As a recognized authoritative source of information on chemical or-agentfic huma
carcinogenicity, the | ARC Monographs represe
process. Each monograph includes a preamble that provides a description of the principles and
procedures as well as the scientific criteria used in the evaluatjpoteritial carcinogenicity of
the reviewed chemicals or agefitsFirst established in 1971, the criteria used to evaluate
carcinogenic risk were used by the IARC working groups in the first 16 volumes AR
Monographseries’’ The criteria have sinceskn continually updated by 4mc working groups.

The preamble was last amended in 1991 and is currently in the process of being revised with the

objective to reflect scientific developments and procedural changes over the last 15 years. An

570 Fed. Reg. 60548 (©d8, 2005) (available &ttp://ntpserver.niehs.nih.gov/files/12thRoCFR.pdf

8 Vincent James Cogliano, PhDhe IARC Monographs: Worker Health & Public Health
http://ec.europa.eamployment_social/health_safety/docs/summary_workshop/
presentation_6_cogliano.pdf (accessed Ap2007).

" IARC Backgroungsupran. 52.
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updated preable is expected to be published in January 2006 with incorporation into IARC
monographs one month latér.

In order to determine carcinogenic potential, the working grbdgr a particular
exposure assessment summarizes available human, animal, andrekpssd studies and any
other information relevant to the evaluation of carcinogenicity and mechanism of action.
According to the procedures outlined in the preamble, the exposure assessment includes an
overview of the current methods as well as the nasthor monitoring human exposure. IARC is
careful not to provide a critical evaluation or recommendation of any method8l&gposure
data is compiled, characterized, and statements concerning regulations and guidelines for some
countries may be included.

General guidance on the human and animal studies is also discussed in the preamble. For
evaluation of human studies, there are four main areas that are discussed: 1) type of studies

considereff, 2) quality of studies considef&d3) inferences about meahism of actioff, and

"8 ]ARC, IARC Monographs on the Evaluation of Carcinogenic Risks of Humans, Preamble to the IARC
Monographshttp//monographsarc.fr/ENG/Preamble/index.php (lagidatedlan.23, 2006)[hereinafter IARC
Preamble].

1d.; ThelARC system of drafting monographs involves a team of international experts, selected by the IARC
staff, that review a collection of scientifiiterature and the first draft of the monograph six months prior to a
wor kgroup meeting held at | ARC6s headquarters. The wo
text of the monograph and formulate an evaluation. The monograph maymmoasge all the published data and
may sometimes include analyses performecdhbynbers of the working group.

8 ARC, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Preamble to the IARC
Monographs, Scientific Review and Evaluation, Expe Data,
http://monographs.iarc.fr/ENG/Preamble/currentb1exp0706 lpsppdatedlan.23, 2006).

81 |ARC, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Preamble to the IARC
Monographs, Scientific Review and Evaluation, Studi€aofter in Humans,
http://monographs.iarc.frfENG/Preamble/currentb2studieshumans0706.php (last Upd&282006)

#1d.
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4) criteria for causality? The preamble discusses the type of information that can be gathered
from differentepidemiologicstudies, but does not restrict the incorporation of any study type.
Though correlation and case report stadiarry the least weight when compared to cohort or
casecontrol studies, the preamble states that
that a causal %r ed the evauatisrhdf fhe geality sftthe stodies, special
emphasiss placed on having 1) wellefined study populations, disease and exp8Suzgwelt
designed studies that appropriately determine the relationship between exposure ari, #isease
inclusion of basic daf8 and 4) clearly stated measures of risk f8é&the inferences about the
mechanism of action and the causality will depend on the types of studies available.

According to the preamble, in the absence of adequate data on humans, it is biologically
plausibleand prudent to regard agents and mixtures fbicvthere is sufficient evidence of
carcinogenicity in experimental animals as if they presented a carcinogenic risk to htfmans.
The following is considered when evaluating the relevance of animal carcinogenicity in humans:
physical and chemical charaggtics, constituent substances that indicate the presence of a class

of substances, and genotoxicity and other related effettsth regard to the animal studies

#1d.
81d.
81d.
871d.
81d.
81d.
Od.

4.
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themselves, these studies are evaluated for their qualitative and quantitative aspdtessateve
statistical results from lonterm animal studies.

Upon the evaluation of both human and animal studies on a particular exposure and
incorporating other relevant information such as toxicokinetics and stresttivity
relationships, the workgup then evaluates the degree of evidence for carcinogenicity separately
for humans and ani mal s. I n each case, the | e\
6inadequate, 6 or o6evidenc&o6Sufgfhest einmpservede k de h
for exposures in which a causal relationship between the exposure and the development of cancer
can be established, while exposures that may just have a positive association are deemed to have
0l imitedd evidence o0 kvaleatdon s thenagrieed based brnythe abbve o v e
categorizations. The exposure is finally classified into one of five groups (Groups 1, 2A, 2B, 3 or
4) based on the level based on their carcinogenic risk to huth@mup 1 thus refers to
exposures in whickhere was sufficient evidence of carcinogenicity based on human studies, or
less than sufficient evidence from human studies but sufficient evidence from animal Studies.
The groups within this classification system along with their uses are discustdest fo the
Weight of Evidence Section.
B. IPCSCONCEPTUALFRAMEWORK FORCANCER RISK ASSESSMENT

As part of the Harmonization Project, the IPCS has released a short conceptual

framework for cancer risk assessmentThis document does not provide exiilidetail on the

%2 |ARC, IARC Monographs on the Evaluation of Carcinogenic Risks to HurRaeamble to the IARC
Monographs, Scientific Review and Evaluation, Studies of Cancer in Humans, Evaluation and Rational,
http://monographs.iarc.frfENG/Preamble/currentb6evalrationale0708gstppdatedan. 23, 2006).

2 1d.

% d.
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actual risk assessment process or how chemicals would be classified based on carcinogenic
potential. Currently, only a framework guideline is available with the following suggested points
of interest: postulated mode of action, key esemtriteria for causation, evaluation of the
postulated mode of action, uncertainties, inconsistencies, and dat® gaps.
c. EPAGUIDELINES®’ FORCARCINOGEN RISK ASSESSMENT

First published in 1986, t he EPAOGedthgui del i
EPA staff with developing and using risk assessments, while providing the public with an
overview of the AgencySome ofthekdy featiwes of she mostmecentp r o ¢
version of these cancer guidelines are:

Critical analysis of aailable information as the starting point for evaluation,

mode of action, weight of evidence descriptors, desponse assessments,

evaluating susceptible populations and life stages, evaluating risks from childhood

exposures, and emphasizing risk charazation’®
Each of these features is briefly described below followed by a historical overview leading to the
current cancer guidelines.

The Guidelines for Carcinogen Risk Assessmentl oosely referred toc

guidelines, 0 i ®ss the dpoarnarease af risk @ssessmhehty namely hazard

identification, doseaesponse, exposure assessment and risk characterization, with additional

% |PCS,The IPCS Gnceptual Framework for Cancer Risk Assesspfegamework Guidelines: Suggested Section
Headings http://www.who.int/ipcs/methods/harmonization/en/MOA _text.pdf

®1d.

EPA20®,supran.24. at vi (It should be noted that the cancer
intended to serve as substantive rules under the Administrative Procedure Act or any other law. They serve as a
nonbinding statement of policy ratherath binding the EPA or any other regulatory agency to a particular set of
rules.).

% EPA 2005supran. 24, atl-1.

1d. at 1-4.
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emphasis on individual characterization of evidence and conclusion within eacf’afee of

the reasons praded for this independent approach of each area of risk assessment was to
acknowledge that different people or organizations may be involved in different aspects of the
risk assessment process. For example, IRIS primarily focuses on the hazard identiindt
doseresponse areas of the risk assessment process. Other reasons include the possible lapse in
time between the first steps of the risk assessment process and the latter steps, and the fact that
the hazard identification step can be utilized fevesal different exposure assessméfits.

As stated above, there are several key features of the most recent cancer guidelines,
namely critical analysis of available information as the starting point for evaluation, mode of
action, weight of evidence deguiors, dosgesponse assessments, evaluating susceptible
populations and life stages, evaluating risks from childhood exposures, and emphasizing risk
characterization?

Critical analysis of available information as the starting point for evaluaione of the
distinguishing features of the cancer guidelines as it promotes a thorough analysis of all the
available data before considering default options provided in the guid&fin8sich an approach
removes the steppirgtone of generic defaults arghcourages risk assessors to be more
receptive to new scientific information. This feature also stipulates that a sound basis is needed

in order to invoke defaults when evidence collection from the scientific literature is exhausted.

10 EPA 2005 supran. 24,at 1-3-1-4.
1011d. at 214.
102

Id. (see table of contents, generally)

10314, at 2-7.
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A second feature ahe cancer guidelines is the emphasis on the mode of attian,
area concerned with the cancer induction. Analysis of available scientific information is
encouraged to establish chemispkcific modes of action for the development of cancer. In the
absere of a scientifically justifiable mode of action, the EPA may take a rather conservative,
public health protective approach in which animal tumors are judged as to human relevance and
cancer risks are assumed to correspond with low dose linearity. As dahersome chemiecal
specific cancers that are not manifested in humans, it is imperative to consider the toxicological
basis for these modes of action in order to avoid misidentification of a harmless substance as a
possible human carcinogé®. For example,d-imonene, a constituent in orange juice, is a
known rat renal carcinogen. If one were to err on the extreme side of caution, this substance, and
probably orange juice for that matter, would end up being labeled as a human carc8egen (
Appendix A).

The weight of evidence narrative is a single integrative step, during the hazard
identification stage of the risk assessment
carcinogenic potential based on the bodyawéilableevidence®® Support to establisif a
chemical is a human carcinogen includes if tumors were found in humans or laboratory animals,

t he chemical 6s p hysi caclivity pelatomskips,t ané she potertial st r u

Y d.attl0 n. 2 (A6Mode of actiond is defined as a sequenc
of an agent with a cell, proceeding through operational and anatomical changes, and resulting in cancer
formation. 0) .

195 Jerry M. RiceOn the Appliction of Data on Mode of Action to Carcinogenic Risk Assessm@itoxicological
Sci. 175, 175176 (2004).

®EpA/Federal Facilities Restoration and Reuse: -Fact Sh
What are They?, What do They Say? bBlow are They Used?
http://www.epa.gov/fedfac/documents/exec_summ_cancer_final_0228Q08&ktrapdated Mar. 28, 2007)
[hereinafter EPAFederal Facilitie.
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carcinogenic processes or modes of actiéhe weight of evidere not only addresses the
likelihood that a particular chemical or agent might be a human carcinogen but also the
conditions under which these effects might be expre$8eih. addition to summarizing evidence
available and the strengths and weaknessesafdta, the weight of evidence narrative includes
one of the five weights of evidence descriptors, described in more detail in Section V.

The doseresponse assessment is listed as a key feature in the cancer guidelines as the
assessment promotes the aatiof tumorspecific modes of action related to the potentially
carcinogenic chemical or agefit. The doseresponse assessment for each tumor type follows a
two-step process, namely 1) assessment of the observed data to derive a POD, and 2)
extrapolation tdower dose level$!® Data derived to establish a POD is ideally obtained from
epidemiology studies; however, in the absence of such data, animal data is used. Once there is
sufficient quantitative data and an adequate understanding of the carcinogerassproc
biologically based modeling is used to grasp the relationship between the dose and the response.
I n the event that the above parametefbstareheaeo
data’! The second step rests on the first in whichhindogically based model is extrapolated
to lower dose levelst? This extension is dependent on the availability and substantiation of
supporting data. Default options, consistent with the modes of action, may be applied. The

default options include thessumption of linearity or nolinearity of the doseesponse

107 Id

198 EPA 2005supran. 24, at 1-12.
1994, at3-1.

110 Id

d. at 14

H12EPA, Federal Facilities, supran. 106.
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assessment® Thelinear approaclis used in either: 1) the absence of sufficient information on
the mode of actiolt?, or 2) when the mode of action indicates that the -lesgonse curve is
expeded to be linear at low dos&S.When the mode of action supports a {liaear approach,
the most commonly used dose response assessment tool is the reference dose or reference
concentration.

l dentifying a aarsirogenicptentiandidedifyir key @@nts'®in
the mode of action help determine susceptible subgroupsisknthctors. Some of these risk
factors include genetic polymorphisms, disease, altered organ function, lifestyle, and life stage.
The Guidelines recognize that variatiexists among people in susceptibility to carcinogehs.
Therefore, subpopulations may experience increased susceptibility to carcinogens throughout
various life stage® Also, during certain life stages an entire population may experience more
susceptibiliy to carcinogen$'® The EPA notes that childhood may be a life stage of greater
susceptibility because of the rapid growth and development that occurs prenatally and after birth,
differences related to an immature metabolic system, and differences inndidbelaavior

patterns that may increase exposifeThere are a few examples in the scientific literature that

113|d.
H4EPA 2005 supran. 24,at 1-15.
115 |d.

"egQupran.2at1 0. (A O6key eventd refers to fian empirically ot
element of the mode of action or is a biologically based méokesuch an element.").

17EPA, Federal Facilities supran. 106
118 Id
ll9|d.

lZOId
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indicate a difference in outcome based on exposutieldrin, DDT, and vinyl chloride have all
been shown to induce higher incidences of tumons f prenatal exposuré:

As risk characterization represents the synthesis of the three initial*étiepthe risk
assessment process, the current guidelines e
charact er i z ¥tThisonarrativeashadlprovide secledr explanation of the extent and
weight of evidence, along with the strengths and weaknesses, the major points of interpretation
and rationale for selection, alternative conclusions, and uncertainties that may exist.

The EPA cancer guideles were first published to establish consistency and technical
guality in carcinogen risk assessments as well as ensuring that the process relied upon valid
scientific information>* The cancer guidelines have evolved to reflect the growing knowledge
bank harbored in the fields of toxicology, chemical carcinogenicity, and risk assessment. The
foundation of the 1986 guidelines rested upon the generating a weight of evidence conclusion
about the potential carcinogenicity of a particular exposure, albeitichkror other agent
derived, based on data gathered frapidemiologicstudies, longerm animal bioassays, or in
vitro testing'® The exposure was then assigned one of the following descriptors based on the
relative level of certainty that the exposurea y result i n human car

Carcinogenic to Humar®, 6 6 B) Probably Cd% i n6GerniPcoss b

121 |RIS, supran. 2,at1-16.

122 McCray, supran. 4. (Thefirst three steps of the risk assessment process: hazard identificationesfusese
assessment, and expas@assessment).

1ZEPA 2005supran. 24, at 1-21.
124EPA, Federal Facilities supran. 106

12 EPA: Risk Assessment Forufuidelines for Carcinogen Risk Assessn@e@it
http://www.epa.gov/ncea/raf/car2sab/guidelines_1986.pdf (Sept. 24, 1986).

12614, at 910.
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Carcinogenic to Huma®, 6 6 D) Not Classifiabl & @sor ooHu
Evidence of Nortarcinogenicity for Humang®. &

A shatcoming of the 1986 guidelines was the assumption that there was not a threshold
doseof the exposure, resulting in a linear relationship between the exposure and the development
of cancer. Under this mathematical theory, it was assumed that a singlecutel of the
exposure in question was enough to initiate a series of reactions that would result in
carcinogenicity:*!

In 1996, the guidelines were updated to keep abreast with the advancements in sciences
and were open to public comment and scientifia peeiew. The end result was the publication
of the 1999 Interim Final Cancer Risk Guidelines which paved the way to recognizing both
linear and nosflinear models for carcinogens. In other words, unlike the original cancer
guidelines, it was theorized faome chemicals that a threshold limit had to be met before a
carcinogen elicits an effect and thus a 4fioear relationship between exposure dose and
carcinogenicity incidence existed at low doses. The 1999 interim guidelines also outlined a
systematic famework designed to determine when a carcinogen could be deemed to have a non
linear doseresponse model versus the default linear model. Also born out of these guidelines

was the Children Supplement that was finally published in 2005. Although the uRdires

127 Id
128 Id
129 Id

130 Id

131 This theory is very similar to that of the somatic mutation theory in which it is assumed that a single cell mutation
can trigger a cascade of reactions that cydescribed,sul ti ng
the somatic mutation theory does not necessarily require an external trigger such as a toxicant.
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were stildl considered a o6draft,d6 it was adopt
role in cancer risk assessment at sites where chemicals are emitted into the environment.

A revised draft of the cancer guidelines was releas@®@3 for public review. As with
its predecessor, revisions were based on scientific peer review and public comments. Six years
after the release of the 1999 Interim Final Guidelines, the EPA published its Final Guidelines for
Carcinogen Risk Assessment arch 2005. Compared to the original 1986 guidelines, the
recently released guidelines provides better
the use of default methad§ 2) refinement of the weighif-evidence narrative and associated
caegories of carcinogenicity’, 3) refinement of doseesponse assessmEft4) consideration
of the mode of action in cancer formatidt and 5) consideration of differences in susceptibility
to carcinogen® among people. 6

The 1986 and 1999 versions of tbancer guidelines have allowed the application of
default options or assumptions in the event that data is limited, unavailable, or lacked a certain
level of quality with regard to carcinogenicity. The 1999 guidelines steered risk assessments to
use defal t assumptions wunless oOcl ear and convinc
alternative viewt*” This approach led to very conservative assessm&hes.new guidelines
allow the use of defaults but deemphasizaigs favoring a critical and completaealysis of all

available data prior to resorting to default assumptions. As with the old cancer guidelines, in

132Goodwin ProcterAs sessing the | mpact of EPA®s NeyEnBuwiddel i nes |
Energy Advisory 1, 47 (July 2005).

133 Id
134 Id
135 Id

136 Id

137EPA: Risk Assessment Forufuidelines for CarcinogeRisk Assessmeit9
http://www.0asputepagov/eims/eimscomm.getfile?p_download_id=437005 (July 1999).
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