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Abstr act

The Chem cal Health Effects Assessnment Met hodol ogy (CHEM
and the Method to Derive Allowable Anbient Limts (AAL)
represents a two step process, which conposes the health basis of
the Air Toxics Program devel oped by the Massachusetts Depart nment
of Environnental Protection. Using valid epidem ol ogical,
clinical, and experinmental data from prinmary sources and
peer-revi ewed secondary sources, CHEM systematically identifies
and evaluates the follow ng potential adverse health effects of
chem cal substances: acute/chronic toxicity, carcinogenicity,
mut ageni city, and devel opnental /reproductive toxicity. The
met hod to derive AALs establishes anbient air limts for specific
chem cal substances based on the health data provided by CHEM
the health data are incorporated in one of two ways: through a
series of adjustnent and uncertainty factors applied to sel ected
occupational limts to provide protection to the general public
agai nst conti nuous exposure, and to account for gaps and
i nadequacies in the data; or, through the use of quantitative
cancer risk assessnent when there are adequate quantitative data
on carcinogenicity. The selection of the AAL is based on the
nost sensitive effect. The Departnent believes that CHEM and AAL
offers a viable tool for protecting public health and decreasing
risk fromeffects of exposure to toxic air pollutants.



Acknowl edgenent s

Thi s docunent is a publication of the Massachusetts
Department of Environnmental Protection. Ken Hagg, Deputy
Comm ssi oner, Departnent of Environmental Protection, is
acknow edged for his |eadership in directing the Departnment to
pursue the issue of health effects of toxic chem cals in anbient
air. The CHEM and AAL net hodol ogi es were concei ved by Carol
Rowan West, Donna Bi shop, Halina Brown, and Dan Guth of the
Departnment's O fice of Research and Standards. The pri nci pal
aut hor is Donna Bishop. Contributions fromJanmes Neely and Lori
Bellew, Division of Air Quality Control, are gratefully
acknow edged. Di ane Manganaro, O fice of Research and Standards,
served as final editor and supervised final production of the
report. Word processing was provided by Marina Andrade, Ofice
of Research and Standards and Hel ena McLoughlin, Comm ssioners
O fice. Recognition is given to other nenbers of the Departnent,
menbers of the Advisory Conmittee on Air Toxics, and nenbers of
the External Review Goups for their assistance in the overal
devel opnment and i npl enentati on of the nethodologies. In
particul ar, the Departnent wi shes to thank Dr. Ednmund Crouch
Energy & Environnmental Policy Center, Harvard University, and Dr.
Davi d C ayson, Toxicol ogy Research Division, Health Protection
Branch, Health and Wel fare Canada, for their invaluable
contributions to the devel opnent and refinenent of the
met hodol ogi es, and their patience in providing coments for
numerous drafts over the past four years.



Pr ef ace

The Chem cal Health Effects Assessnment Mt hodol ogy and the
Met hod to Derive Al owable Anbient Limts has changed
considerably since the draft version published in the Peer Review
docurent of June, 1985. As described in Part |, the changes
resulted from Departnent consideration of conments received on
the draft, and an extensive in-house review of the proposed
nmet hodol ogy. This effort involved updating the toxicol ogical
data on the 100 chem cal s eval uated, assessing the protectiveness
of the draft AALs using currently accepted nethods of risk
assessnment, and reexam ning the scientific concepts enbodied in
the draft nmethodology. As a result of this review, the
Department determ ned that the previous proposal did not fully
address the Departnment's goal of protecting public health. The
changes incorporated in the present nethodol ogy provide for
greater flexibility in selecting and using the best scientific
data in deriving AALs, and nore precisely addressing differing
types of effects and differing types of data. Sone of the
changes and additions include assessnent of avail able
phar macoki neti ¢ data, consideration of non-positive data,
separate assessnent of threshold and nonthreshold effects, and
use of quantitative cancer risk assessnment in the derivation of
AALs for those chem cals having adequate quantitative cancer
potency data (see Appendi x D). These changes reflect the
Department's conmitment to utilizing the best avail abl e
scientific approach in evaluating the health effects of chem cals
and devel opi ng heal th-based anbient air limts.

In the past, the Departnment proposed to derive allowable
anbient limts by applying a series of adjustnent and uncertainty
factors to selected occupational limts. Thus, while specific
factors were applied on a case-by-case basis, the procedure
itself was standardized and applied to all chem cals, including
t hose associated with nonthreshold effects (i.e.,



carcinogenicity, nutagenicity). However, because of the
variability in occupational limts, chem cal potency val ues, and
types of effects anong chem cals, the approach relying on uniform
uncertainty factors was found to be inadequate to conpensate for
that variability in the case of nonthreshold effects for sone
conpounds. Based on EPA cal cul ati ons of potency and unit risk,

t he proposed AALs for carcinogens were shown to be associ ated
with variable |l evels of excess lifetinme cancer risk, nost of

whi ch were unacceptably high (defined as greater than 1 x 107°).
Since the sanme uncertainty factors were used for both threshold
and nont hreshol d effects, and since carcinogenic potency was not
directly factored into the AAL derivation procedure, AALS were
not equally protective against threshold and nont hreshol d
effects, and were not al ways adequately or consistently
protective for carcinogens. The nmethodol ogy now proposed
addresses those limtations by distinguishing threshold from
nont hreshol d effects, incorporating cancer potency data where
avai l abl e, and selecting the final AAL on the basis of the nost
sensitive effect.



Executive Summary

The Chem cal Health Effects Assessnment Mt hodol ogy and the
Met hod to Derive Allowable Arbient Limts (CHEM AAL) represents a
two step process which nmakes up the health basis of the
Massachusetts Air Toxics Program The Massachusetts Depart nent
of Environnental Protection (DEP) is the state regul atory agency
responsi bl e for devel opi ng, adm nistering, and enforcing prograns
whi ch regul ate air, surface water and groundwater, wetlands and
wat erways, and solid and hazardous waste. DEP is responsible for
devel oping the air toxics program the primary objective of which
is to protect public health.

CHEM i s designed to systematically identify and eval uate the
potential adverse health effects of chem cal substances. The
met hod to derive AALs establishes chem cal -specific anbient air
limts based on the health data provided by CHEM health-based
limts are derived by applying a series of adjustnent and
uncertainty factors to sel ected occupational limts or by
directly using carcinogenic potency. The rationale behind each
conponent of the two nethodol ogies is presented in this docunent.

In CHEM chem cals are evaluated for acute/chronic toxicity,
carcinogenicity, nmutagenicity, and devel opnmental /reproductive
toxicity, using valid epidemological, clinical and experinental
data fromprimary literature and peer-revi ewed secondary sources.
A letter-code "score" is produced in each health effects category
for each chemical. Over one hundred chem cals have been
evaluated in order to develop and test CHEM The respective
health effects scores are provided in this docunent, as well as
the AALs derived for each chem cal

The CHEM AAL procedure begins with selection of the "nobst
appropriate occupational limt" (MACL), the occupational |evel
whi ch provides the best protection against the greatest nunber of
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docunented acute and chronic health effects. The MACL is used in
two ways: as a factor in scoring acute and chronic toxicity, and
as a starting point in deriving AALs. In selecting the MAOL, an
eval uation is nade of the occupational limts and correspondi ng
health data for specific chem cals as published by the National
Institute for COccupational Safety and Health (NI GSH), the
American Conference of Governnental Industrial Hygenists, Inc.
(ACA@ H), and the Cccupational Safety and Health Adm nistration
(OSHA), and the nost health-oriented Ilimt is chosen. In the
future, the Departnment nay use EPA or simlarly derived

i nhal ati on Reference Dose val ues when these becone avail abl e,

rat her than occupational limts.

In the acute and chronic toxicity category, all adverse
health effects fromshort-termand | ong-term exposures to
chemi cal s are considered, including neurotoxicity, allergenicity,
i mmunosuppression, and all cellular, organic, systemc,
gl andul ar, behavioral, and other toxic effects or conditions.
Carcinogenicity, nmutagenicity, and devel opnental /reproductive
toxicity are evaluated separately. Scoring is based on both the
nurmeri cal value of the MAOL selected (high or Iow) and the
severity of the effects docunented. By using both conponents for
scoring, the acute/chronic toxicity assessnent is able to
differentiate chem cals which have simlar occupational limts
but very different effects.

CHEM uses both quantitative and qualitative evidence to
assess carcinogenicity. Data published by the International
Agency for Research on Cancer (1 ARC), the National Toxicol ogy
Program (NTP), and the Carcinogen Assessnent G oup (CAG of EPA
provide information on studies in humans and aninmals, as well as
potency data. Thus, scoring is based on wei ght-of-evidence as
well as unit risk estimation, when avail able. Wi ght-of-evidence
categori es have been adapted fromthe EPA classification scheneg,
and unit risk is calculated using NTP or CAG data. By conbi ni ng
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wei ght - of -evi dence with rel ative potency val ues, the scoring
procedure incorporates the full spectrumof information, and

avoi ds di scardi ng val uable data. This nethod distinguishes

chemi cal s representing progressively greater hazard potential for
humans, and thus al so avoids underrating a potential carcinogen
whi ch has been | ess studied, or overrating an ani mal carci nogen
whi ch may be |l ess significant to humans at typical environnental
exposure | evels.

The nutagenicity assessnent in CHEM eval uates a range of
genot oxi c endpoi nts of potential significance to humans, such as
poi nt and gene mutations, structural or nunerical chronosone
aberrations, other genotoxic effects, cellular transfornmation,
and abnormal sperm norphol ogy. The assessnment relies on results
froma battery of long-termand short-term nutagenicity screening
assays, each of which has been extensively reviewed by EPA' s
CGene-Tox and other groups. The tests are divided into three
groups, reflecting overall relevance to assessing hazards to
humans. A score for each chemcal is derived by weighing a
nunber of variables, including the nunber and type of endpoints
measur ed, the nunber and type of species represented, the
significance of positives and non-positives reported, the
rel evance of specific tests for predicting effects in humans, the
classification of each test result, and overall pattern
presented. The nutagenicity score is basically descriptive,
representing a relative wei ght-of-evidence classification, since
guantitative data are generally unavail abl e.

Devel opnmental and reproductive toxicity covers all effects
on nmale and fenal e reproductive functions, as well as effects in
t he devel opi ng enbryo or fetus, resulting fromchem cal exposure.
It includes teratogenicity, enbryo- and fetal toxicity, postnatal
and perinatal devel opnental toxicity, and reproductive toxicity.
Effects in this category are evaluated using the primary science
literature. Each study is assessed for validity and reliability
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on the basis of criteria devel oped by the U S Environnental
Protection Agency (EPA), the U S. Food and Drug Adm nistration
(FDA), and the Interagency Regul atory Liaison Goup (IRLG, and
classified by the Departnent as "adequate", "supportive", or

"i nadequate", for scoring. Three paraneters are used for scoring
of devel opnental and reproductive toxicity: weight-of-evidence,
| ow- observed-effect-level (LCEL), and risk ratio. Scoring
reflects a bal ance between the qualitative and quantitative

evi dence, such that weight-of-evidence, LOEL, and risk ratio are
factored together and assessed on the basis of a scoring matriXx.
This system provides the flexibility of a case-by-case analysis
and the consistency of a standardi zed approach.

The Method to Derive All owable Anbient Limts (AAL) can be
divided into three stages. The first stage is the threshold
effects evaluation. The MAOL sel ected through CHEM i s adj usted
to provide protection for the general public (including children
and high risk groups) agai nst continuous exposure. Uncertainty
factors are provided to account for gaps and inadequacies in the
data with which the MACL was set, as well as any threshold
effects not accounted for in the MAOL (acute, chronic,
devel opnental , and reproductive toxicity). A relative source
contribution factor of 20%is also included to account for
exposures to given contam nants from sources other than air.

This results in a Threshold Effects Exposure Limt (TEL) which is
a concentration which is protective of public health from
threshold effects. |In the second stage, the non-threshol d
effects are considered, including positive and non-positive

evi dence of carcinogenicity and nutagenicity. A Non-threshold

Ef fects Exposure Limt (NTEL) is derived using either uncertainty
factors or carcinogenic potency, depending on the availability of
guantitative dose-response data. In the third and final stage,
the I owest of the values derived (TEL or NTEL) is chosen as the
Al'l owabl e Anrbient Limt. This insures that the value sel ected
for the AAL is protective against the nost sensitive effect.
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Where carcinogenicity is the nost sensitive effect, and there are
adequate quantitative data to derive a cancer unit risk, the AAL
is set to correspond to an excess lifetinme risk of devel opi ng
cancer of one chance in 1,000,000 (1x10°°. However, because it
is the Departnment's policy to limt exposure to carcinogens to
the extent feasible, the Departnment will strive to achieve
exposures representing risks of less than one in a mllion

wher ever feasible.

The Departnent believes that, within a reasonabl e nmargin of
error, CHEM and AAL offer a viable tool for protecting public
heal th and decreasing risk fromthe effects of exposure to toxic
air pollutants. Accordingly, the Division of Air Quality
Control, which is responsible for inplenenting the Departnment's
air prograns, plans to enploy the AALs in the permtting,
conpl i ance, and enforcenent conponents of the Commonwealth's air
programin general, and the air toxics programin particular.
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PART |. | NTRODUCTI ON

A.  Background

The Massachusetts Departnment of Environnental Protection
(the Departnent) is the state regul atory agency responsible for
devel opi ng, admi nistering, and enforcing prograns which regul ate
air, surface water and groundwater, wetlands and wat erways, and
solid and hazardous waste. Wthin DEP, the Ofice of Research
and Standards has the responsibility to protect public health and
environmental quality by defining acceptabl e hunman exposure
| evel s to toxic substances and providing informati on and gui dance
to the Departnent on a broad range of environnental and public
health issues. The primary objective of the Departnment in
devel oping an Air Toxics Programis to protect public health.

In the past, the Departnent has addressed i ssues concerni ng
air toxics on a case-by-case basis. However, because of an
i ncreasi ng nunber of such cases, and because the United States
Envi ronnental Protection Agency (EPA) has been slow to set
em ssi on standards under section 112 of the Clean Air Act, the
Department felt it necessary to devel op a conprehensive state
program Devel oping the health basis of the programinvol ved
designing a process to systematically evaluate the health effects
of diverse chem cal substances, and deriving all owabl e anbi ent
air limts on the basis of the health data. This two-step
process ensures a consistently applied health-based toxics policy
st at ew de.

Many ot her states have recogni zed the need to devel op
progranms as well, especially for air toxics problenms which may be
nmore local in scope. However, this situation places states in
the position of having to develop the technical bases for their
air toxics progranms, where historically the EPA has provided this
information. Accordingly, the Departnent's Division of Ar
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Quality Control and Ofice of Research and Standards worked
together to develop the policies and scientific basis of the
public health conponents of the program in conjunction with a
broadly constructed Advisory Conmttee on Air Toxics. Two
products of this effort, the Chem cal Health Effects Assessnent
Met hodol ogy and the Method to Derive Allowable Anbient Limts
(CHEM AAL), are presented in this docunent.

Devel oping an air toxics programrequires collaboration
anong specialists frommany disciplines, including scientific,
techni cal, planning, research, legal, admnistrative, and data
managenent personnel. The needs and perspectives of regul atory,

i ndustrial, and public constituencies nust be considered and
integrated. Goals nust be established, resources identified, and
policies elucidated. Thus, it is a tinme-consum ng process which
dermands the cooperation and investnent of many peopl e.

Wth the Ofice of Research and Standards, the Division
of Air Quality Control initiated this coll aborative process by
establishing an Advisory Conmittee on Air Toxics (see Appendi X
A), conposed of scientists, environnmentalists, public health
prof essionals, industry representatives, and academ cians, in
order to bring maxi num expertise and diversity to the conpl ex
process of program devel opnent. Subcommittees were fornmed to
provi de gui dance in specific areas, including definitions,
nmet hods of |isting and eval uati ng chem cal conpounds, and
devel opment of allowable anbient Iimts. Open neetings were
hel d regul arly between Decenber of 1982 and Septenber of 1986,
w dely attended by Conmttee nenbers and many others. In
addi tion, proceedings of the neetings were mailed to over 200
interested individuals across the country.

Prior to devel opnment of the nethodol ogi es described in this
docunent, health assessnent and regul atory schenes used or
proposed by ot her governnmental or scientific groups were
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carefully reviewed. Elenents of many of these schenes have been
i ncorporated into CHEM and AAL. The net hodol ogi es described in
Parts Il and Il of this docunment seek to conbine the best
conponents of existing systems with an innovative and
scientifically credi ble approach to air toxics. Thus, CHEM AAL
is designed to fit the uni que needs and policies of the

Depart nent .

Wth respect to |l egal authority, the Departnent is enpowered
to "prevent the occurrence of conditions of air pollution where
such do not exist and to facilitate the abatenent of conditions
of air pollution, where and when such occur. They [the
regul ations] are designed to attain, preserve, and conserve the
hi ghest possible quality of the anbient air conpatible with needs
of society." (MGL. c.111 142B and 142J, and in 310 CW\R 6. 00,
7.00, and 8.00). 1In this context the Departnment's primary air
quality goal is to "protect the public health and welfare from
any air contam nant causi ng known or potentially injurious
effects.” The Departnent believes that the systemoutlined in
this docunent (referred to as "the Massachusetts systeni)
represents an inportant step toward acconplishing that goal.

As indicated, the Departnent began working on the
nmet hodol ogi es in 1982. Since that tine, various approaches to
evaluating health effects and setting anbi ent exposure limts
have been proposed and di scussed. In May of 1984 a prelimnary
docunent briefly describing CHEM was sent out for national peer
review. In response to comments and questions generated by the
review a nunber of changes were introduced into the system and a
second, conprehensive docunent describing both CHEM and AAL was
publ i shed for peer review in June, 1985. The second nati onal
peer review group included all reviewers submtting coments on
the 1984 draft as well as nenbers of the Advisory Committee on
Air Toxics and experts recommended by Committee nenbers to serve
on the second peer review panel. The nanes of all those who



responded to the request for comments on both the 1984 and 1985
peer review docunents are listed in Appendix B of this docunent.

On the basis of conments received and an extensive in-house
revi ew of the proposed nethodol ogi es, the Departnment has worked
since 1985 to nodify and refine the system The current docunent
has evol ved fromthat process and represents substantial progress
toward establishing a consistent scientific methodol ogy for
eval uating the health effects of airborne contam nants and
devel opi ng anbi ent exposure limts protective of the public
health. Past reviewers will recognize the addition of several
i nportant conponents and significant changes to the system since
the 1985 Peer Review Draft. The Departnent believes that the
changes and refinenments represent the best possible blend of
current scientific know edge and sound regul atory policy toward
t he managenent of risk in a conplex environnent.

B. Scope and Contents

In designing an air toxics program two major conponents can
be identified: program devel opnent and program i npl enentati on.
The purpose of this docunent is to describe the health basis of
the program its goals, scope, and assunptions, and the nethod to
derive Allowable Arbient Limts (AALs). Because the Departnent
felt strongly that devel opnent of the program s health basis
shoul d not be influenced by technol ogi cal, econom c, and
enf orcenment concerns, the anbient nunbers generated are
heal t h- based only, and were devel oped without regard to
producti on vol unme, exposure |level, or regulatory inplication.
Simlarly, econom c and control technol ogy issues are neither
di scussed nor considered here. An active, in-house effort is
underway to identify and resolve the many inpl enentation and
enforcenent issues. Thus, while the Departnent acknow edges the
i nportance of inplenmentation considerations, these factors have
not influenced the heal th-based aspects of the program The
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scope of the present work is therefore limted to a discussion of
CHEM and t he Met hodol ogy to Derive AALSs.

The Chemi cal Health Effects Assessnent Methodol ogy (CHEM
represents a set of procedures for identifying and eval uating the
potential adverse health effects of chem cal contam nants. In
CHEM chem cals are evaluated for acute/chronic toxicity,
carcinogenicity, mutagenicity, and devel opnental /reproductive
toxicity. Wthin each of these four health effects categories,
chem cals are "scored" using letter codes to reflect degree of
hazard. Thus, CHEMis designed to produce a letter score (A-E or
F) in each health effects category for each chem cal, and a
conprehensi ve health effects database which will be used to
determ ne AALs. Over one hundred chem cal s have been eval uat ed
in order to develop and test CHEM and their respective scores
are provided in Table 11-35. Specific health effects categories
are fully described in Part I1.

The second part of the Massachusetts systemis the Method to
Derive Al owable Anbient Limts (AALs). For the majority of
chem cals, the health data gathered in CHEM are incorporated in
the AAL derivation nethod through a series of adjustnent and
uncertainty factors applied to selected occupational limts.
When adequate quantitative data on carcinogenicity exist, and the
conprehensi ve health effects eval uati on shows carcinogenicity to
be the nost sensitive effect, quantitative risk assessnent
procedures are used to generate AALs. A detail ed explanation of
t hese net hods appears in Part 1l of this docunent, including the
types and uses of uncertainty factors. Table IIl-6 shows the
AALs derived for the 105 chem cals evaluated to date.

A gl ossary of acronyns used throughout the text is included
in Appendi x C. Appendix D contains a detail ed description of the
procedures used to quantify cancer risks, and chem cal -specific
cancer risk assessnents are provided in Appendix E. Appendix F
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contains a nmutagenicity glossary; Appendix G contains the U S.
Food and Drug Adm nistration (FDA) Guidelines for eval uating
reproductive studies; Appendi x H provides the U. S. FDA guidelines
for conducting Structure-Activity Relationship analysis; and
Appendi x | contains a discussion of uncertainty factors for use
in setting all owabl e exposure limts.

C. Policy Decisions

The potential adverse health effects related to the
di scharge of toxic air pollutants have been of |ong-tinme concern
to the Departnment. Moreover, the public has becone increasingly
awar e and concerned about exposure to chem cal emssions. 1In a
society which attenpts to recogni ze and bal ance the hazard of a
particular activity with the benefit derived fromthat activity,
regul atory agencies are placed in the position of identifying the
poi nt at which that balance is achieved. Such a position
theoretically allows the regulator to evaluate all the issues
and, accordingly, to determ ne what poses an unreasonable risk
and what does not. Unfortunately, reality affords no such
cl ear-cut decision points.

The issues involved in developing an air toxics program are
conplicated, in part, by the sheer nunber of chemicals in
commercial use and the wide range of toxic properties they
exhibit. In addition, m xed exposures, cumul ative exposures,
| at ency periods, nedical uncertainties, and insufficient
dat abases further conplicate decision-nmaking, particularly in
establishing a cause and effect relationship between exposure and
illness. Nevertheless, the inevitable uncertainties do not
relieve the regulator of the responsibility to protect public
health. As Supreme Court Justice Thurgood Marshall wote in the
1980 benzene case, "Frequently no clear causal |ink can be
establ i shed between the regul ated substance and the harmto be
averted. Risks of harmare often uncertain, but inaction has
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consi derable costs of its own." (448 U S. 607, L.Ed. 2d 1010, p.
2904.)

G ven the need to act on air toxics problens in spite of the
uncertainties involved, the Departnent has encouraged public
i nvol venent throughout the process of program devel opnent, in
order to gather as nuch information and varying opinion as
possible. If new information energes to suggest the need for
changes, particul ar decisions can be reviewed and revised
accordingly. The Departnent's objective in designing the CHEM
and AAL procedures is to be consistent and scientifically valid
yet feasible with respect to avail able staff resources for
conducting heal th eval uations of chem cals and responding to
regul at ory nandat es.

The system presented in this docunent represents nore than
five years of effort. As indicated, many issues are not purely
scientific, and cannot be resolved on a purely scientific basis.

Instead, in utilizing avail able data or setting regulatory
priorities, it is science policy, and risk managenent, which
gui de final decision-making. For exanple, there is no one
"right" way to assess carcinogenicity, or to devel op anbi ent
exposure limts, yet public health protection requires that both
be acconplished despite the uncertainties and anbi guities
i nvol ved. Thus, the necessary decisions can rarely be based
solely on fact, but reflect a conbination of scientific
i nformation, professional judgenent, and risk managenent, based
on the goals and objectives of the agency. The term "risk
managenent ", as used here, refers to the process of bal ancing
scientific and other data to establish public policy and set
regul atory goal s.

In the course of devel opi ng and using the nethodol ogi es
described in Parts Il and Il of this docunent it was necessary
to make decisions on a nunber of issues. Sonme of these policy



deci si ons are descri bed bel ow.

1. Choi ce of Chemicals to Eval uate

As indicated, the Departnent has eval uated over 100
chem cals to date, and has devel oped a correspondi ng AAL for
each. The chem cals were not chosen on the basis of hazard,
but rather as a representative sanple, in order to devel op
and test the proposed Massachusetts system Sel ection of
chem cal s was based upon the following criteria:

o A wide range of chem cal and physical properties.

o Diversity of health effects.

o Known and suspect carcinogens, as well as chem cals
not known to have carcinogeni c properties.

0o Chemcals wth and w thout occupational limts.

Once the various program conponents have been revi enwed
and conpl eted, and the regulatory programis underway, work
wll begin in the assessnent of the next group of chem cals.

The criteria for selecting these chem cals have not been
determ ned as yet, but could be influenced by factors such
as toxicity, production volunme, and/or public requests.

2. A St andar di zed Approach

Avail abl e nonitoring data for several United States
cities indicate that urban air typically contains a w de
vari ety of organic and inorganic conpounds, many of them
havi ng evi dence of carcinogenicity, teratogenicity, or other
types of toxicity (Singh et al., 1982; Lioy and Dai sey,
1983; USEPA, 1984; Lioy and Daisey, 1986). Information
about the potentially harnful effects of these substances
varies fromscarce to extensive; noreover, little is known
about the health inpacts resulting from]long-term exposure
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to m xtures of chemcals. Any programained at preventing
adverse health effects due to exposure to toxic air

contam nants nust therefore be designed to address a | arge
nunber of substances, and to account for uncertainties in

t he dat a.

Many states have responded to the need for such a
program by establishing allowable anbient Iimts for
chem cals of concern to those states. Due to constraints
both of resources and of available scientific data, several
states have chosen to adopt a generic nethod for deriving
accept abl e anbi ent concentrations, usually produced by
di vidi ng an occupational exposure limt by a safety factor
(e.g., Texas Air Control Board, New York Departnent of
Envi ronment al Conservation, M chigan Departnment of Natural
Resources, Vernont Agency for Environnmental Conservation).

In contrast, EPA has approached the regul ation of
hazardous air pollutants on a chem cal - by-chem cal basis,
conducti ng exhaustive reviews of all known toxicol ogical and
exposure data, and resulting in sone cases, in the
est abli shment of a National Em ssion Standard for Hazardous
Air Pollutants (NESHAP) which corresponds to a |level at
whi ch no "unreasonabl e" health risks to the public are
expected. However, EPA activities in this area have
produced only six em ssion standards for hazardous air
pollutants (beryllium vinyl chloride, nmercury, asbestos,
benzene, and radionuclides) in the 18 years since passage of
the Clean Air Act (section 112).

Because the Departnent is concerned about the imedi acy
and seriousness of the air pollution problem as well as the
need to allocate Departnental resources judiciously, it has
chosen an internedi ate approach, one which effectively
i ncorporates both credi ble science policy and efficient
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regul atory action. The Massachusetts systeminvol ves a
case- by-case health assessnment of each chemical, and a
standar di zed approach to the derivation of AALs, including a
maxi mum al | onabl e excess |ifetinme cancer risk of one chance
inone mllion or less. It is intended that inplenentation
of the air toxics programwi Il result in protection to the
public, consistency in decision-making, and clarification to
i ndustry of future regulatory requirenents.

3. Assessnent of Risks

Ri sk assessnent is defined and used in different ways
by different groups, but the term"risk assessnent"”
generally refers to a collection of procedures designed to
eval uate and quantify the risks associated with exposure to
a given hazard. These procedures are used by regul atory
agencies and others to define risks to individuals and/or
popul ations, and to generate the data which can be used to
make regul atory decisions. For exanple, this information
can be used to set regulatory priorities, or to set
standards for anbi ent exposures.

Ri sk assessnent can involve any or all of a nunber of
st eps, depending on the needs and objectives of the user.
As enpl oyed by the EPA, risk assessnent incorporates
eval uati on of chem cal hazard and of popul ati on exposure.
In this context, hazard is defined as "the inherent toxicity

of a substance for sone toxic endpoint,” and exposure refers
to "the ampbunt of the substance that people cone in contact
with." (OSTP, 1984). Exposure assessnent also involves

i dentifying popul ations at risk and nunbers of people
affected. Ri sk is then characterized by coupling the
results of the exposure and hazard assessnents, using the

foll ow ng steps:
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o] Eval uate qualitative evidence - identify the
adverse effects that a given substance is
capabl e of causing in animals or humans.

o0 Estimate dose-response relationship at | ow doses.

o] Estimat e human exposure to the chem cals, and the
di stribution of exposures likely to be
encountered in the popul ation.

o] Conbi ne exposure assessnent w th dose-response
rel ati onship assessnment in order to generate an
estimate of risk.

Thus, risk assessnent is the process of estimating the
i nci dence of an adverse health effect in a given popul ation
under certain exposure conditions. In the case of cancer,
it provides an estimate of the risk of excess cancer
i nci dence in exposed individuals or popul ations.

As indicated, risk assessnent can involve various
steps, and can be used in a nunber of ways. In determning
whi ch steps to use and how to conduct the assessnent, it is
inmportant to identify howthe results will be utilized and
what the goals of the agency or group are. In this context,
the question arises as to whether allowable |evels of human
exposure to toxic substances should be determ ned by the
dose-response and toxicity data al one, or whether an
eval uation of the nunber of people exposed should al so be
i ncluded. In other words, should decisions about
whet her and how nmuch to regul ate a substance be based on its
i nherent hazard, or on the nunber of people exposed to it
(popul ation risk), or on a conbination of both?

These are policy issues, subject to the risk managenent
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objectives of the particular agency. In decisions of this
sort agency needs and mandates are likely to differ from
state to state and at varying | evels of governnent.
Specific issues are often | ocalized, and a serious concern
i n one geographical area may not represent a significant
threat on a national scale, or in another region. 1In
prioritizing regulatory activities and working to manage
environnmental risks at the federal |evel, exposure
assessnment is often enphasized as a neans to eval uate the
scope of any given problem For exanple, the Food and Drug
Adm ni stration (FDA) relies on exposure assessnent in
setting priorities for regulating direct food and col or

addi tives (USFDA, 1982). Each chemcal is assigned to one
of three M ninmum Testing Level s dependi ng on the nunber of
peopl e exposed as well as perceived toxicity, based on

chem cal structure analysis. The m ninmum anount of toxicity
testing required by the agency is directly related to the
size of the popul ati on exposed.

EPA uses a simlar approach in setting regulatory
priorities under section 112 of the Cean Air Act (NESHAP)
relying on assessnents of individual and population risk to
determ ne whet her risks fromexposure to a chemcal are
sufficiently significant on a national |evel to warrant
federal action. In these cases, chemcals are ranked
according to their toxicological properties as well as
| evel s of human exposure. Decisions nmay be based on
i ndi vidual risks, total population risks, or both.
Acrylonitrile provides a recent exanple. EPA has determ ned
that it nay pose a threat to public health, but because
overal |l exposures on a national scale appear to be low, it
fails to neet the "significance" test for federal action
under section 112.

The Departnent has chosen a different procedure, and
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does not use popul ati on exposure assessnent as a "trigger"
or significance test for action. |If a chem cal of concern
in Massachusetts were not regulated on the federal |evel,
and the Departnent relied on popul ati on exposure assessments
to identify and define significant health concerns, no
safety net would exist to protect popul ations which did not
meet an arbitrarily defined size. Individuals belonging to
a | arge exposed group woul d then receive greater individual
protection than those belonging to a small exposed group.

Est abl i shnent of a nore stringent approach when | arger
nunbers of people are exposed than when the exposed group is
small is unacceptable to the Departnent. Therefore, the
Massachusetts system uses hazard assessnent only, and does
not use the nunber of exposed individuals as a criterion for
regul atory action on toxic air contam nants. However, the
Department may include exposure indices such as production
vol ume, or nunbers of persons exposed when sel ecting

chem cals for AAL devel opnent or in the process of
prioritizing regulatory activities.

4. Policy on Carcinogens in CHEM

In the past, the Departnment chose not to use
guantitative cancer risk assessment in deriving exposure
limts for identified carcinogens, due nainly to the
uncertainties involved in defining carcinogens for
regul atory purposes, and estimating | ow | evel human exposure
ri sks from hi gh-dose animal studies. Previous drafts of
this docunent outlined the Departnent's rationale for this
position, and described a proposed procedure for deriving
all owabl e anbient limts for all chemcals (threshold and
non-threshol d) by applying a series of adjustnent and
uncertainty factors to a selected occupational limt for
each chem cal. However, as a result of comments received
during the peer review process, and an extensive in-house

13



review of the proposed nethodol ogi es, the Departnent

concl uded that the approach descri bed was neither feasible
for all chemcals, nor sufficiently protective of public
health. Specifically, in re-calculating the unit risks for
carcinogens on the basis of the nore conplete and up-to-date
bi oassay data now avail able, and using this information to
eval uate the excess lifetinme cancer risks associated with
the previously proposed AALs, the Departnent found the
associ ated cancer risks for a nunber of chem cals to be
unacceptably high. In the course of investigating the
underlying reasons for the inconsistent or variable risk

| evel s provided by the previous system the Departnent

concl uded that a single safety factor approach for threshold
and non-threshold effects was inadequate for sone chem cal s,
and expl ored ways to overcone the |limtations described.

On the basis of this effort, and after careful
consideration of all the strengths and limtations of
various options, the Departnment decided to use quantitative
ri sk assessnent in the derivation of AALs where there is
adequat e evi dence of carcinogenicity. 1In this context, the
Department has worked closely with the Massachusetts
Departnent of Public Health to devel op consistent policies
and procedures for identifying and eval uati ng carcinogens in
the Comonweal th. The nethods and criteria enployed are
detailed in Appendix D. An uncertainty factor approach
simlar to that described in the 1985 Draft docunent has
been devel oped for chem cal s | acki ng adequate quantitative
data on carcinogenicity. This nmethodology is described in
detail in Part 11, Section D of this document.

The approach to carci nogens adopted incorporates the
foll ow ng points:

a. Chem cal s are not classified sinply as carci nogens or
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non- car ci nogens and regul ated as such. Rather,

evi dence for both threshold and nonthreshold effects
are evaluated, and the AAL is derived on the basis of
all known or potential adverse effects. Chemicals

| acki ng adequate quantitative data on carcinogenicity
are not automatically relegated to a "non-carcinogenic”
category. Each chemcal is evaluated for potential
nont hreshol d effects on the basis of the

wei ght - of - evi dence for carcinogenicity and

mut ageni city, including positive and non-positive
evidence, as well as structure-activity relationship
analysis. In this way, a chem cal which has not been
tested for carcinogenicity is not assuned to have zero
cancer risk, and all chem cals are provided the sane

| evel of review Most inportantly, by devel oping an

al ternative net hodol ogy for assessing nonthreshold
effects for chem cals having only qualitative evidence
of carcinogenicity and/or nutagenicity, the Departnment
can provide a nore conplete analysis of risks which are
not ot herw se quantifiabl e.

While all positive evidence of carcinogenicity may be
used to define and/or classify carcinogens, not al

bi oassays produci ng positive results are biologically
or net hodol ogically appropriate for use in estimating
guantitative cancer risks for humans. Because sone
tunor types or sites, routes of exposure, species, or
test methods may be of questionable value in predicting
human ri sk, the Departnent reviews bioassays on a
case- by-case basis to deternmne eligibility for cancer
ri sk assessnent (see Appendix D). Any relevant
information may be used in the evaluation, including
phar macoki neti c data and non-positive assay results.
Tunor types/sites and species to be used are al ways
deci ded on a case-by-case basis, and the Depart nent
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does not use unit risks cal cul ated by EPA or other
agencies without first assessing the adequacy and
rel evance of the data. The specific criteria for
sel ecting appropriate data are provided in Appendi x D.

C. Sel ection of the final AAL is based on the nost
sensitive effect, whether threshold or non-threshold,
and not necessarily carcinogenicity in every case.

Thus the AAL is designed to provide protection agai nst
a w de range of adverse health effects, rather than
assum ng that carcinogenicity will always be the effect
of greatest significance or that weak carcinogens (or
non-car ci nogens) are al so non-toxic on other counts.

The Departnent acknow edges the uncertainties inherent
in the risk assessnent process, and the difficulties
i nvol ved in defining "reasonable", "acceptable", or
"negligible” risk. 1In the absence of | ow dose hunan dat a,
reliable estimates of risks to humans depend upon accurate
estimations of potency fromthe raw dose-response dat a,
reliable procedures for extrapol ating from hi gh-dose to
| ow-dose and fromanimals to humans, valid study protocols,
and accurate experinental exposure analyses. Despite the
uncertainties involved in each step of the risk assessnent
process however, |ow dose risks for non-threshold effects
nmust be estimated as scientifically as possible, and the
Department's decision is to use quantitative cancer risk
data in deriving all owabl e anbi ent exposure limts for
humans. I n this context the Departnent has devel oped a
nmet hodol ogy for estimating cancer risk using the nost
conplete, up-to-date information and scientifically
accept abl e procedures currently avail able. The nethodol ogy
presented in Appendi x D descri bes an approach to eval uating
ri sk which can be used to generate AALs in a scientifically
credi bl e and consistent way. The approach described is
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consistent wth the approach adopted by the Massachusetts
Department of Public Health (Mass. DPH, 1988, Draft
Car ci nogen Policy).

The Departnent believes that the best way to adequately
address concerns about non-threshold effects and cancer
ri sk, and to make uniformthe degree of protection afforded
by individual AALs, is to define a maxi mum all owabl e ri sk
| evel and to utilize accepted nethods for cal cul ating
exposure limts based on estinmated risk. Wile this
reflects a change in Departnent policy fromprevious drafts,
t he Departnent believes that the approach described here
represents the nost responsible and technically valid public
policy currently available to the regulatory conmunity.

The maxi num al |l owabl e risk identified for this purpose
corresponds to an excess lifetime risk of devel opi ng cancer
as aresult of lifetine (70-year) exposure to specific
contam nants of not nore than one chance in a mllion
(10°%. This means that an individual exposed to a cheni cal
at a specified level for a 70-year lifetinme would have at
nost, one chance in a mllion of contracting cancer as a
result of that exposure. The risk level is used as follows:

where adequate quantitative data to cal cul ate potency are
avai l abl e, and carcinogenicity is identified as the nost
sensitive effect, AALs are set to correspond to a maxi mum
al l owabl e risk of one in 1,000,000 (1x10°°. However, while
human ri sks are estinmated conservatively, the Departnent
believes that risks to the public should be mnim zed as
much as possible. Therefore, the Departnent will work with
the regul ated community to reduce em ssions and
correspondi ng risks bel ow 1x10°® to the extent feasible.

The AALs for identified carcinogens are provided in Table
[1l - 6. 1t should be noted that where carcinogenicity is
not the nost sensitive effect, and the TEL is [ower than the

17



NTEL, the AAL will naturally correspond to a risk of |ess
than 1x10° (i.e., epichlorohydrin, toluene diisocyanate).
| rpl enent ati on i ssues and nethods will be discussed at
length in future inplenentati on docunents.

5. Consi deration of Risk

The Departnent recogni zes that any risks associ ated
W th chem cal exposure are of concern to the public, and
must be addressed. Unfortunately, individual risks can
rarely be quantified with precision, even for exposures to
single chem cals. Nevertheless, the Departnent acknow edges
t he i nportance of such issues. The Departnent further
recogni zes, however, that any regul atory approach is likely
to involve at | east sonme degree of risk to at | east sone
menbers of the population. Even a total ban on al
comercially produced toxic conmpounds would not elimnate
ri sk, since many potentially hazardous substances are
ubi quitous, naturally occurring, or produced as a result of
various conmon activities.

It is clear that no regulatory program can provi de zero
risk. It is also clear that the Massachusetts system does
not attenpt zero risk. As described earlier, risk
assessnent can provide only inprecise estimtes of hazard
potential, and the present state of know edge cannot provide
for determ nation of specific no-adverse-effect |evels for
humans in nost cases. Neverthel ess, the Departnent
recognizes its responsibility to protect public health,
despite scientific uncertainty. The systemoutlined in
Parts Il and Ill of this docunent is designed to produce
anbient air limts which the Departnent considers
protective. The extent to which that goal is achieved
depends a great deal on the amount of information avail able
for a given chemcal, and the types of effects associated
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with that chem cal. The system addresses data gaps through
the use of safety or uncertainty factors, in order to
protect against the potential effects of chem cals which
have not been adequately tested as yet. The assunption is
that the margin of error or uncertainty is narrower for

wel | -studi ed chem cals, and wi der when information is
scarce. However, it should be enphasized that AALs refl ect
conservative assunptions about potential human risks, but
cannot elimnate all risks for all effects. Regardless of

t he net hod used, no system can do away with uncertainty, and
no program can provide zero risk. Wen a chem cal has been
wel | -studi ed, and exhibits only effects which are generally
believed to have a threshold, the AAL is likely to provide a
margin of safety with respect to those effects, and
therefore little or no risk for those effects. In contrast,
carci nogens and nutagens are assumed to pose sone |evel of

ri sk, even at very |ow doses, since there is a considerable
body of scientific opinion that there is usually no
denonstrabl e threshold for these effects (Al bert et al.

1977; Hooper et al., 1979; NAS, 1983). Therefore, risk can
be m nimzed but not renoved. Although it is inpossible to
quantify individual risks precisely, the Departnent believes
that the systemoutlined in this docunent produces AALs
which effectively mnimze these risks while maintaining a
practical regulatory approach to air toxics.

6. Sel ection of Averaging Tine

Controlling em ssions of toxic contamnants is critical
to the protection of public health, and the sel ection of
appropriate averaging tinmes is critical to controlling
em ssions. The Departnent has designated two averagi ng
times to protect the public against threshold and
nont hreshol d effects, including an annually averaged AAL,
and a 24-hour ceiling limt corresponding to the TEL
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(threshold Effects Exposure Limt). Shorter averaging tines
or ceiling limts may be established in the future on a
chem cal - by-chem cal basis as warrant ed.

Most chem cals exhibit a range of effects over a range
of doses, and sonetinmes very different types of effects even
at a single dose or exposure level. Thus it is inportant to
account not only for overt short-termtoxicity as well as
| ess readily observable chronic effects, but also for
differing types and mechani snms of toxicity within the sane
dose range. The use of two averaging tinmes, one short-term
and one longer-term is one approach which has been
advocated for addressing both acute and chronic effects.
Differing effects within the sane dose range can best be
addressed by narrowi ng the range of exposures and limting
al l owabl e concentrati on peaks. This assures that thresholds
w Il not be exceeded. The Departnent believes this
conservatismis appropriate, particularly since |long-term
effect and non-effect |levels are derived w thout considering
daily fluctuations in dose.

Thus, the Department has desi gnated dual averaging
times for all chemcals for two reasons: first, to limt
exposure peaks which may trigger threshold effects such as
teratogenicity or nervous systemeffects, and second, to
mai ntain allowable risk I evels for nonthreshold effects such
as carcinogenicity. The purpose is to achieve exposure
concentrations as close as possible to the AAL and TEL in
order to protect public health against all adverse effects.

For chem cals al so associated with acute effects where a
24- hour averaging period may not provide adequate protection
agai nst peaks and fluctuations, the Departnment will also
designate a short-term exposure limt (such as one-hour) to
narrow t he al |l owabl e exposure range wi thin acceptabl e
limts. This is consistent wwth National Anmbient Ar
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Quality Standards (NAAQS), such as for sul fur dioxide. The
nmet hods for establishing such short-term exposure limts
have not yet been devel oped by the Departnent.

7. Desi gnati on of Conpliance Location

The Departnent has designated the point of maxi mum
concentration at or outside of the source property line as
the location for determ ning conpliance with AAL val ues.

8. Schedul e for Updati ng

DEP will review the toxicological basis for existing
AALs at the rate of about 35-40 AALs per year and w ||

revise themif warranted. In this way it is estimted that
an individual AAL will undergo review a m ni mum of every
three years. In addition, the Departnent will continue to

devel op new AALs as the need for them ari ses.

The Departnent will reissue a conplete updated |ist of
AALs on an annual basis in January of each year. Any
changes or additions to the list which have been nade in the
preceding year will be reflected in this list.

The DEP Division of Air Quality Control wll issue an

i npl enent ati on docunent describing how the AALs are used by
DEP.
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PART I'l. CHEM CAL HEALTH EFFECTS ASSESSMVENT METHODOLOGY ( CHEM

A

| nt roducti on

The purpose of the Chem cal Health Effects Assessnent
Met hodol ogy is to identify the range of adverse health
effects associated wth a given chem cal conpound. It is
designed to evaluate the potential toxicity of a |large
nunber of chemicals in a consistent and conprehensive
manner, based upon wei ght - of - evi dence, potency, and/or
severity of effect. For purposes of assessnent and scoring
in CHEM the term "weight-of-evidence" refers to the anount
or strength of evidence pointing to a particular health
effect. It describes how nmuch data exist, and the degree of
confidence that the effects noted are genuinely associ at ed
with the chem cal being evaluated. "Potency" refers to the
magni t ude of response at a given dose, and "severity of
effect” pertains to the seriousness or health inplications
of a particular effect. Health effects are divided into
four categories: acute and chronic toxicity,
carcinogenicity, nutagenicity, and devel opnental and
reproductive toxicity. Health effects data on each chem cal
are recorded on referenced worksheets for each category, and
are updated and nai ntai ned as a permanent docunentation
file. This health effects information is then used to
derive all owabl e anbient limts.

The product of the assessnment is a relative hazard
score in each health effect category for each chem cal
Scores for the nore than 100 chem cal s eval uated under CHEM
are presented in Table I1-35. Letter scores are assigned
rat her than nunerical scores in order to enphasize the
descriptive and conparative nature of the scores, and to
avoid the tenptation to add or multiply health effects
scores fromvarious categories. All health effects are
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consi dered and accounted for independently, and there is no
attenpt to bal ance one type of effect against another.
Therefore, a high score in one category cannot be negated by
a low score or lack of data in another category. Nbreover,
by scoring health effects individually, rather than

currul atively, oversights, gaps, or duplications can be

m nimzed, and the system can effectively account for
chemicals exerting nultiple effects without diluting the
significance of any one of those effects. Thus, the
resulting scores represent an objective assessnent of al
the diverse health effects docunented by the sources used.
Scori ng net hodol ogi es for each category are detailed in the

appropriate sections below, and presented in Tables I1-2,
[1-3, 1'1-9, 11-18, 11-31 and 11-32. In addition, exanples
are included throughout the text in order to illustrate the

practical applications of the concepts presented.

1. Dat a Sources Used i n CHEM

CHEM uses both primary and secondary data for the
assessnent of chem cal -specific health effects. Primary
data refers to original experinental studies, as published
in peer-reviewed scientific journals (e.g., Journal of the
Nati onal Cancer Institute, Environnmental Health
Per spectives, Journal of Environnmental Pathol ogy and
Toxi col ogy). Secondary sources contain reviews and
summaries of the original studies [e.g., International
Agency for Research on Cancer (l1ARC), National Institute for
Cccupational Safety and Health (NIOSH), the federal Food and
Drug Adm nistration (FDA), and Environnmental Protection
Agency (EPA)]. Depending on the anount of existing data,
using primary sources can nean collecting hundreds of
articles and evaluating each for its adequacy and validity,
whi | e usi ng good secondary sources allows the regulator to
rely on the judgenent of qualified experts in each field.
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Secondary sources are nore practical as well, since each may
contain scores of studies, reviewed and organi zed on a

consi stent basis. Because Departnent resources are finite,
and because the protection of public health requires
expeditious regulatory action, the Departnent has relied on
secondary sources wherever possible (i.e., acute/chronic
toxicity, carcinogenicity, and nutagenicity). Specific data
sources used in each health effects category are listed in
Table I'1-1, and described in the appropriate health effects
sections bel ow

Thus, health effects data are conpiled fromthe
original science literature in addition to peer-reviewed
secondary sources such as the National Toxicol ogy Program
(NTP), the Genetic Toxicol ogy Program (Cene-Tox), |ARC, EPA,
and NI OSH. Secondary sources were selected on the basis of
the followng criteria, after extensive Departnent review

o Reliability.
o Scientific accuracy.

o Cear, thorough docunentation.

0 Subject to peer-review, reflecting a consensus of
expert opinion.

o Well-known and accepted by the scientific conmunity.
o Current, updated regularly.
0 Readily accessible.

Oiginal science literature is evaluated on a
case-by-case basis before it can be included in the health
assessnment. At no tine are conputerized lists or findings
not subject to peer review incorporated into the
eval uation. Even when using | ARC, NTP, or EPA docunents the
study findings are reviewed, summari zed on worksheets, and
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I1-1.

DATA SCOURCES USED | N CHEM

ACUTE/ CHRONI C TOXICI TY

o NI OSH

o ACG H

o CSHA

o ATSDR

o EPA IR'S
dat abase

o O her

Nati onal Institute of Cccupationa
Safety and Heal th

Aneri can Conference of CGovernnenta
I ndustrial Hygienists

Qccupational Safety and. Health
Adm ni stration

Agency for Toxic Substances and D sease
Registry - (Chem cal Profiles)

Envi ronmental Protection Agency -
Integrated Ri sk Information System

primary science literature, as needed
(e.g. no occupational data)

CARCI NOGENI CI TY

o | ARC I nternational Agency for Research on
Cancer

o NTP Nat i onal Toxi col ogy Program

o CAG Car ci nogen Assessnent Group (EPA)

o O her primary science literature, as needed
(e.g. new data)

MUTACENI CI TY

o | ARC I nternational Agency for Research on
Cancer

0 GENE- TOX EPA' s Genetic Toxicol ogy Program

o O her primary science literature, as needed

conti nued .




TABLE 11-1. DATA SOURCES USED IN CHEM conti nued

DEVEL OPVENTAL/ REPRODUCTI VE TOXI CI TY

o Primary science literature consulted in all cases
o Bi bliographic references to literature obtained from
| ARC (I nternational Agency for Research on Cancer)

EPA (Water Quality Criteria Docunents, Health
Assessnment Documents, |IRIS)

Shepard's Catal og of Teratogenic Agents

CESARS (M chigan's Chem cal Effects
Search and Retrieval System

| ndex Medi cus

RTECS (NIOSH s Registry of Toxic Effects
of Chem cal Substances)

NIl OSH, ACG H, OSHA

Li brary reference sources, current
t oxi col ogy journal s

Comput eri zed dat abases such as the
Nat i onal Library of Medicine (NLM,
Toxl i ne, etc.




referenced in all cases. Details about the sel ection of
data sources and criteria enployed by the Departnment in
evaluating the quality and adequacy of primary literature
are provided in each health effects section.

CHEM utilizes all valid toxicity data docunented by the
sources |isted, enconpassing qualitative and quantitative
evi dence, ani mal and hunman evi dence, and positive and
non- positive evidence, in order to devel op a conprehensive
eval uation of potential health hazards to diverse
popul ations. The net hods and assunptions underlying the
uses of various types of evidence are discussed bel ow

a. Use of Qualitative and Quantitative Data

CHEM uses both qualitative and quantitative data in
assessi ng hazard potential. Specific nethods are detail ed
under individual health effects sections. |In general,
however, both wei ght-of-evidence and potency are factored
into the assessnments wherever the availability of data
permts.

Qualitative assessnment, a conponent of scoring in al
four health effects categories, is used to distinguish
chem cal s having greater or |esser evidence for a particular
effect, and to distinguish nore severe fromless severe
effects (e.g., systemc toxic effects versus irritant
effects, irreversible as opposed to potentially reversible
effects). Quantitative data are then factored into the
assessnment in order to distinguish degree of hazard. Thus,
each score reflects both the degree of confidence that the
effect noted can be causally associated with exposure, and
the severity of that effect, as well as the nagnitude of the
response at given dose levels (the | owest dose at which
observabl e responses are elicited).
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For exanple, chemcal X nmay be a potent irritant, but
conpared to chem cal Y which causes irreversible |iver
damage, chemcal X will receive a | ower score for
acute/chronic toxicity. Further, if both chem cal X and
chem cal Y denonstrate teratogenic effects in |aboratory
animals, it will be inportant to know that chem cal X has
been shown to do so only at very high levels, while chem ca
Y exerts that effect at exposure levels typical of those in
the anbient air. |In this case the qualitative data are used
to describe the potential teratogenicity of each chem cal
and the quantitative data serve to distinguish relative
degrees of hazard. This allows CHEM to account for al
docunented health effects, while focusing concern on those
chem cals and effects nost |ikely to have an adverse i npact
on public health.

b. Use of Ani mal and Human Dat a

Wher ever possi ble, CHEM uses human data fromclinical,
epi dem ol ogi cal, and occupational literature to directly
assess human toxicity. Wth the exception of acute and
chronic toxicity, however, nuch of the hazard eval uation
relies on animal evidence, since quantitative human evi dence
is rarely available. 1In addition to the problens of m xed
exposures and long | atency periods, epidem ol ogical studies
have often | acked the power to adequately determ ne ri sk,
particularly for common effects, or in small popul ations.
In discussing the limtations of epidemological studies,
NAS gi ves the foll ow ng exanpl e:

"...if 20% of all pregnant wonen...used a chem cal that
caused stillbirths in 5% of the wonen, the resulting
increase in stillbirths would be 1% (0.20 x 0.05 =
0.01), and it is likely that it would not even be
noticed. |If 5% of all pregnant wonen used a chem cal

t hat caused a del ayed effect in 20% of their offspring,
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this also woul d probably escape notice. Even if the
chem cal caused a 10% i ncrease in a nost comon form of
cancer in the offspring of the 5% of wonen (e.g.

cancer of the colon, which would nean an i ncrease of
200 deat hs per year), the effect would very likely go
undetected.” (NAS, 1977, p. 30)

I nci dence in the control population and the size of
both control and exposed popul ations will affect the
magni tude of the response rate needed to denonstrate risk
It is also true that relatively rare events are nuch nore
easily detected and do not require the sane degree of
statistical sensitivity that nore conmon responses or hi gher
exi sting ("background") incidence will require to be
det ect abl e.

Aside fromthe problens of statistical power, a nunber
of other factors nust be considered in designing and
interpreting epidem ol ogi cal studies, particularly where the
results are equivocal or non-positive:

o] Difficulty characterizing exposure - accounting for al

routes of entry, as well as the magnitude, duration,
and frequency of exposure.

o] Difficulty quantifying specific doses received - e.g.,

m xed or nultiple exposures.

o] Difficulty identifying and characterizing exposed

versus control groups - occupational and other groups

are heterogeneous with respect to age, sex, health,
exposure history, etc. Also, levels of exposure to any
gi ven chem cal may vary across so broad a range as to
make "group" distinctions neaningless. Even applying
"l ow noder at e- hi gh" exposure | evel classifications is
arbitrary, and may nmask significant differences or

29



simlarities anong exposed groups. Furthernore, in the
case of ubiquitous chemcals, it may be inpossible to
identify an unexposed control group. Lastly, group
classifications nay be inaccurate, due

to faulty or inconplete records, recall bias on the
part of exposed individuals, or inadequate nonitoring
data. The net effect of any one of the above factors
may be to obscure real differences in outconme between
exposed and unexposed groups or individuals.

o] Difficulty detecting response - variable |atency

periods, individual differences, small changes in
common effects, inadequate biological nonitoring or
poor follow up can conplicate detection of effects in
humans. Hospital records or death certificates may be
i ncorrect or msleading, reporting procedures may not
be standardi zed, and sone significant effects may not
be readily observable. 1In other cases, effects of
exposure may be attributed to ot her causes, and not
nmeasur ed.

o] Difficulty in designing an adequate study - e.g.,

controlling for inportant variables such as age, race,
snoki ng habits, nutritional status, socio-econonic
status, prior exposure history, gender, health,
pregnancy, etc.; ruling out bias; identifying and
accounting for any confounding variables which wll

| ead to m sclassification or m sneasurenent of
responses; assuring adequate popul ation size and
statistical power.

Thus, while valid epidem ol ogi cal studies represent the
best source of data, and while use of human data obvi ates
the need for uncertain dose and species extrapol ations, it
is inportant to note the limtations and difficulties
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i nvol ved in detecting human responses to environnental or
occupational contam nants in currently avail abl e studi es.
This is not to say that epidem ol ogi cal studies should not
be enphasi zed or given nore weight, only that negative
results in epidem ol ogi cal studies nust be viewed with
caution. The Department recognizes that animal studies are
no nore than a surrogate for adequate epidem ol ogy, and
recogni zes that nore and better studies in humans shoul d be
undertaken. \When these are avail able, the Department wl|
use EPA and IRLG (1979) criteria to evaluate the adequacy of
such studi es.

Si nce nost assessnents of toxicity currently rely on
experinmental studies in animals, it is inmportant to
recogni ze how interspecies differences may affect those
assessnments. Animal nodel s cannot provide precise
i ndi cations of human response. |In an extensive di scussion
of the subject, NAS concludes that if anything, aninal data
are likely to under-estimate the hazard to human
popul ati ons, based on the follow ng (NAS, 1977, pp. 31-34):

o] Differences in size - in larger aninals, substances are

di stributed and netabolized nore slowy, and tend to
persi st longer; the nunber of susceptible cells is
|arger; the ratio of cardiac output per mnute to bl ood
volune is greater; the life-span is longer. "This is
consistent wth data obtained in studies of anticancer
drugs, which showed that - on a m|ligramper-Kkilogram
basis - a nouse required 12 times as nuch drug to
respond as did man, a rat 6 tinmes as much, and a dog
and a nonkey 2-3 tines as nuch." (NAS, 1977, p.32)

o] Differences in popul ation characteristics - human

popul ati ons are genetically and ot herw se
het er ogeneous, while | aboratory aninmals are healthy,
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i nbred, and subject only to controlled, specific
exposures. Moreover, the nunber of exposed humans who
nmust be protected is substantially higher than the
nunber of experinental animals which can be tested.

o) Envi ronnental differences - nutritional and

environnmental factors such as stress, |ight,
tenperature, ionizing radiation, etc., can affect
response to pollutants. Wile synergismcan rarely be
accounted for in the | aboratory, synergistic effects
are an ever-present danger for humans, who are exposed
to overwhel m ng nunbers and types of substances.

o Phar macoki netic differences - differences in

absorption, netabolism excretion, and reabsorption.
The data suggest that in general, larger manmal s tend
to bind substances nore extensively and to netabolize
and excrete xenobiotics nore slowy than snaller
manmal s.

Thus, as NAS concl udes, "These observations suggest
that small animals that are routinely used for toxicity
testing are often nore resistant than man to toxic
conmpounds. This inplies that small animl systens are
likely to produce many fal se-negative results, and has
important inplications for establishing safety factors or
usi ng " conservative' techniques for extrapolation.” (NAS,
1977, p. 32)

Wi | e human evi dence provides the verification and
under st andi ng necessary to preci se assessnents of human
risk, aninmal data have traditionally been relied upon for
identifying potential hazards to human popul ati ons (C ayson
et al., 1983; NCAB, 1983; | ARC, 1982). The goal of CHEMis
to provide a descriptive evaluation of the range of health
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effects associated with each chem cal, and animal data are
used i n that context.

C. Use of Positive and Non-positive (Null) Data

CHEM relies primarily on positive data, since CHEM s
purpose is to evaluate hazard rather than establish
non-effects. Furthernore, the focus of the Massachusetts
systemis to develop all owable anbient air |evels for
chemicals on the basis of the adverse health effects which
they can induce. Therefore, identification of
"non- car ci nogens", "non-nutagens", or "non-teratogens" is
not relevant in CHEM

Most scientists agree that non-positive (null) data
reflect specific testing and exposure conditions and cannot
be used to provide assurance of safety, or to prove
non-ef fect (OSTP, 1984; | ARC, 1982). Since test protocols,
| aboratory techni ques, species sensitivity, and study
strengths and weaknesses vary from one experi nental
situation to the next, and because these variations can
i nfl uence outcome, non-positive results in one test can not
cancel out positive results in another (USEPA, 1984a; USEPA,
1984b; NCAB, 1977). Thus, positive results in a
wel | - desi gned study provide a stronger basis for assessnent
and should not be overridden. On the other hand, several
non-positives fromreplicated studi es | ooking at identical
endpoi nts woul d cast doubt on a single positive result for
t he sanme endpoi nt and procedure. All of the data, including
any human evi dence, nust be evaluated in order to
appropriately interpret conflicting experinental results.
Clearly, the sanme criteria and degree of stringency shoul d
apply to the evaluation of both positive and non-positive
results.
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An illustration of why non-positive results nust be
interpreted cautiously with respect to human outcones is
provi ded by NAS in a discussion of carcinogenic potential:

"...failure to observe positive responses does not
guarantee that the probability of response is actually
zero. Froma statistical viewpoint, zero responders
out of a population of size Nis consistent at the 5%
significance level with an actual response probability
bet ween zero and approximately 3/N (e.g., when N = 100
and zero responders are observed, the true probability
of response nmay be as high as 3% ." (NAS, 1977, pp.
42-43) .

"For exanple, even if no tunors are obtained in an
assay of 100 aninmals, this neans only that at a 95%
confidence level, the true incidence of cancer in this
group of animals is less than 3% Even if we were to
carry out the form dable task of using 1,000 ani mals
for assay and no tunors appeared, we could only be 95%
sure that the true incidence was | ess than 0.3%
Qoviously, 0.3%is a very high risk for a | arge human
popul ation.™ (NAS, 1977, p.54).

The Departnent's approach to eval uati ng non-positive
data in carcinogenic, nutagenic, and devel opnental/
reproductive toxicity studies is described in detail under
each health effect category. Briefly, for carcinogenicity,

t he upper confidence |imt of potency is calculated for al
adequat e bi oassay data, and both positive and non-positive
results are recorded and eval uated. For nutagenicity,
non-positive results are consi dered when there are no
positives, or when there are conflicting results in tests
measuring the sane endpoint in the sanme species. For

devel opnent al / reproductive toxicity, as in acute and chronic
toxicity, non-positive results are eval uated and wei ghed
within the context of all the avail able data, but do not
contribute directly to the score. Both positive and

non- positive results are recorded on the worksheets for each
chem cal, and non-positive results are carefully

di stinguished frompositive results. Non-positive data do
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play a significant role in the derivation of AALs, as
described in Part Il of this docunent.

2. Uncertainties in the Data

Uncertainty is an inevitable conponent of toxicol ogical
assessnent, particularly as it applies to human popul ati ons.
The Departnent recogni zes the inherent difficulties
encountered in dose, route, and species extrapol ati ons of
experinmental data. Additional sources of uncertainty, and
the ways in which these issues are addressed in CHEM are
di scussed bel ow.

a. Thr eshol d

I n di scussing the conplexities surrounding
dose-response and interpretation of experinental test
results, the NAS states:

"The nbst conmon expressed objection to regulatory
deci si ons based on carci nogenesis observed in ani ma
experinments is that the high dosage to which ani mals
are exposed have no rel evance in assessnent of human
risks. It is, therefore, inportant to clarify this
crucial issue. Practical considerations in the design
of experinmental nodel systens require that the nunber
of animals used in experinents on |ong-term exposure to
toxic materials will always be snmall, conpared with the
size of the human populations simlarly at risk. To
obtain statistically valid results from such smal
groups of animals requires the use of relatively |arge
doses so that effects will occur frequently enough to
be detected. For exanple, an incidence as |low as 0.01%
woul d represent 20,000 people in a total popul ation of
200 mllion and woul d be consi dered unacceptably high,
even if benefits were sizable. To detect such a | ow

i ncidence in experinental animals directly woul d

requi re hundreds of thousands of animals. For this
reason, we have no choice but to give |large doses to
relatively small experinental groups and then to use

bi ol ogi cally reasonabl e nodels in extrapolating the
results to estimate risk at | ow doses. Several nethods
of maki ng such cal cul ati ons have been consi dered and
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used, but we think that the best nethod available to us

today is to assunme that there is no threshold and that

the incidence of tunors is directly proportional to

dose."” (NAS, 1977, p. 55).

Rel yi ng on nodel s devel oped by Crunp et al. (1976) and
others (Armtage and Doll, 1961; NCAB, 1983), EPA generally
assunmes non-threshold and linearity of response for
carcinogenicity in extrapol ating hi gh-dose experi nent al
results to estimate | ow dose risks for humans, (OSTP, 1984;
USEPA, 1984a). Likew se, CHEM assunes at | east sone
carcinogeni c response at | ow doses. The response is assuned
to be proportional to dose and is estinmated on the basis of
upper confidence intervals on the data. The specific
carci nogeni c response predicted will also be nediated by the
nodel chosen, exposure duration, and nechani sm of action
(Crunp and Howe, 1984). Mutagens are al so considered to be
wi thout a threshold for effects. For
devel opnent al /reproductive toxicity and acute/chronic
toxicity, CHEM does assune a threshold and eval uations are
based on environnental | y- rel evant dose |evels.

b. Dose- Response Data

The Departnent recogni zes that "exposure |evel" does
not necessarily reflect "dose level™ in either experinental
or natural settings, and that the term "exposure-response"
is sonetines preferred, in order to enphasize the
di stinction. However, for purposes of sinplicity,
"dose-response” will be used throughout this docunent.

In CHEM dose-response data are incorporated into the
health effects assessnent wherever possible. Details are
provi ded under individual effects categories (Part |1
sections GF), and sumari zed briefly here. CHEM uses
dose-response data in the foll ow ng ways:
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o] Estimating carcinogeni c potency, wherever data permt
(see section D).

o] Devel oping a "risk-ratio" for devel opnental toxicants
(see section F).

0 Excl uding threshold effects occurring only at doses or
concentrations well above anticipated | evels of human
exposure (sections C and F).

0 Est abl i shing degree of toxicity (sections C, D, F).
o] Assessing test protocols, and adequacy of dat a.
o] Confirm ng experinmental results.

Dose-response information i s considered by the sources
used in CHEM (I ARC, NTP, EPA, Cene-Tox, etc.) and is,
therefore, an integral part of each health effects
assessnment. As a descriptive tool, it helps to denonstrate
cause and effect, and thus provides greater confidence in
study results. Dose-response data are not used in CHEMto
establish "no effect" |levels for humans, but valid
dose-response data are used to cal cul ate doses correspondi ng
to specific levels of risk, used in the derivation of AALs.

Thus, dose-response data are used to devel op al |l owabl e
anbient limts (AALs), and are al so used to devel op scores
for acute/chronic toxicity, carcinogenicity, and
devel opnment al / reproductive toxicity. Dose-response is not
currently factored into the nmutagenicity assessnent because
sufficient data are not yet avail abl e.

Exanpl e for Dose- Response

The ways in which dose-response data are used in CHEM
can be illustrated in the case of fornal dehyde:

o] Acute/ Chronic Toxicity: Dose is used to evaluate the

rel evance of a particular effect, and to exclude those
effects occurring only at |evels substantially above
the occupational limts, and therefore well over
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typi cal environnental |evels. Mreover, quantitative
toxicity data are used by NIOSH, ACAH, and OSHA to
cal cul ate the recommended occupational limts. 1In the
case of formal dehyde, acute toxicity data resulting
from hi gh-1evel exposures (>10 ppm) are not considered
in the assessnment, since exposures of that magnitude

are not relevant to anmbient exposure levels. In
sel ecting the "nost appropriate occupational |imt" and
assigning a severity score (see Part |1, sections B and

C), only effects at or below 2 ppmare of concern. The
1 ppmoccupational |limt selected as the MAOL (ACA H)
is based primarily on acute and chronic respiratory
effects in humans and ani mal s (observed at exposure
concentrations even less than 1 ppn).

Carcinogenicity: Quantitative dose-response data

provi de a basis for determ ning the carcinogenic
potency and unit risk associated with fornmal dehyde
exposure in inhalation studies wwth rats (CIIT, 1981).
The unit risk estimate is used in conjunction with the
wei ght - of - evi dence cl assification (I ARC, 1982; CAG
1979; Kerns et al., 1983; Siegel et al., 1983) to
produce a score for carcinogenicity (see Part 11
section D). The unit risk is used to derive the final
AAL (see Part 111, Section D).

Mut ageni city: Dose-response data are consi dered by

Gene-Tox in the assessnent of nutagens. When Gene- Tox
i ndi cates that a dose-response rel ationship was
observed in a particular study, this fact is noted on
the nmutagenicity worksheets. However, nutagenic

pot ency, as such, is not factored into the scoring
mechani smfor CHEM since there are no generally agreed
upon net hods as yet for assessing overall nutagenic
potency in short-termtests. Dose-response is
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therefore not a factor in scoring for nutagenicity in
CHEM (see part 11, Section E).

o] Devel opnent al / Reproducti ve Toxicity: Dose-response

data serve two purposes in the assessnent of

devel opnental and reproductive toxicity. First, the
guantitative data are used to calculate a "risk-ratio"
for each chem cal (developnental toxicity only) in
order to distinguish progressively stronger

devel opnental toxicants, (see Part Il, section F).
Second, dose is used to characterize degree of hazard,
such that effects occurring at | ow doses are given
greater weight than those occurring at higher |evels.
In addition, effects found only at very high | evels
(>500 ng/ kg) are excluded fromreview altogether (see
Part Il section F). Fornaldehyde is identified in CHEM
as a reproductive toxicant for nmales. The evidence is
based on replicated studies in animls. Dose-response
curves are unavail abl e, however, because in each study,
statistically significant results were produced only at
t he hi ghest dose used. This is considered a
limtation, and decreases confidence in the results.
For this reason, the score is flagged by an asterisk to
i ndicate that nore data need to be devel oped. |If
dose-response data had been avail able, the | owest
statistically significant effect |evel would have been
used for scoring. Wen the database on fornmal dehyde

i nproves, and dose-response rel ationships are
established, the score can be refined and the asterisk
renoved

C. Rout e of Exposure

The Departnent acknow edges that experi nental
procedures shoul d duplicate expected human exposure
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conditions as closely as possible in order to mnimze the
uncertainties associated with extrapolation. Unfortunately,
however, nuch of the avail abl e database pertains to routes
of exposure other than inhalation. Sone of the reasons for
this include:

o] Vol atil e organics, which are of interest
toxicologically, are difficult to confine to the
exposure area in such a way as to assure specific,
uni form and continuous exposure.

o] Gavage and injection are frequently preferred as a
means to quantify dose, since exposure via feed or
i nhal ati on may not assure uniform uptake or guarantee
that preci se doses can be ascertai ned.

o] Q her exposure conditions may be easier to acconplish,
| ess expensive, and less difficult to replicate.

The Departnent recognizes that the "first pass effect”
is a relevant and significant toxicological consideration,
and that differing routes of adm nistration may produce
differing patterns of netabolism distribution or excretion.

Unfortunately, route of exposure conparisons by dose and
speci es do not exist for many chem cals of regul atory
interest. However, conparative toxicol ogy does provi de many
exanpl es of pharmacokinetic simlarities. Based on various
princi pl es of toxicology and pharnacokinetic studies,
extrapol ation fromone route of exposure to another is an
acceptabl e practice and nust often be used by regul atory
agenci es when data from specific exposure routes are
unavai | abl e.

For exanple, few carcinogenicity studies in
experinental animals have been carried out using inhalation,
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and while NTP relies primarily on gavage studies to assess
carcinogenicity, the EPA neverthel ess uses the data to
devel op cancer risk assessnents for anmbient air exposures.

A case in point is carbon tetrachloride: the EPA Carcinogen
Assessnent Goup (CAG estimated lifetine excess cancer risk
for exposure to carbon tetrachloride via air and water on
the basis of a gavage study in male mce (NCI, 1976). In
order to estimate the risk frominhal ation corresponding to
a concentration of 1 ug/n? of carbon tetrachloride in air,

t he equi val ent hunman dose was cal cul ated assunm ng an air

i ntake of 20 n?¥/day and a 40% absorption rate. This exanple
illustrates an approach to extrapol ating fromone route of
exposure to another, in order to estimate risks associ ated
with air exposures for humans.

I nhal ation data do figure nore promnently in
devel opnmental toxicity studies but, for the reasons |isted
above, other routes are still nmore cormmon. Only in
acute/chronic toxicity, where CHEM relies on occupati onal
data, is there a significant database for inhalation. Even
so, epidem ol ogical and case studies can be difficult to
j udge since precise inhalation doses for human exposures are
rarely known.

Thus, if a health assessnent is to be carried out at
all, CHEM nust rely on data derived fromvarious exposure
situations. Since the goal of CHEMis to identify the range
of potential health effects associated with each chem cal,
rather than to devel op a specific no-observed adverse effect
| evel (NOAEL), it is appropriate to exam ne and use al
val id data docunented by the sources selected. Naturally
however, valid human data wll be used wherever possible,
and inhal ation data from human or ani mal studies are
preferred over data from other routes of exposure.
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Exanpl e of Route of Exposure

A conmmon experience with route of exposure variations
can be seen wth the chem cal epichl orohydrin:

0 Acute/chronic toxicity: Occupational limts have been

derived primarily on the basis of inhalation data for
humans and animals, in order to protect against
respiratory, liver, and kidney effects. Acute data
were al so derived frominhal ation studies (rats).
Unl i ke sone chemi cals, epichlorohydrin was expected to
be associated primarily with respiratory effects, so
nore toxicity testing has been carried out using the

i nhal ati on route.

o] Carcinogenicity: Animal studies have been carried out

via oral, inhalation, subcutaneous, intraperitoneal,
and skin application routes, each of which consistently
denonstrat ed evi dence of carcinogenic activity. In
devel opi ng potency and unit risk data, CAG (1983) has
selected the oral (rat) data as the nost reliable for
their assessnent, and quantitative conponent used for
scoring in CHEMis based upon that figure (unit risk
estimate = 1.2 x 10°9).

o] Mut agenicity: Specific protocols are required for each

speci es and endpoint tested. Route of exposure
considerations are not relevant here.

o] Devel opnent al / Reproducti ve Toxicity: Experinental

studi es on epichlorohydrin used in CHEM are limted to
oral routes of admnistration. |In replicated tests,
epi chl or ohydri n has

consistently produced reproductive toxicity in

| aboratory animals (i.e., sterility). The influence of
different routes of exposure on reproductive toxicity
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findi ngs was eval uated and di scussed by NIOSH in the

Criteria Docunment on Epichl orohydrin (1976). The N OSH

comm ttee concluded that reproductive effects occurring
after oral exposures would likely be the sane foll ow ng
i nhal ati on exposure since several system c effects have
been observed after both dermal and inhal ation
exposures. The NIOSH commttee used the oral data on
epi chl orohydrin in setting the occupational limt for
air. This supports the concept that exposure via one
route may be applicable to the assessnment of exposure
vi a anot her route.

d. | ndi vi dual Vari ati ons

As discussed in an earlier section, individual
differences with regard to pharmacoki netics, genetic

make-up, lifestyle, environnment, mnedical and i nmunol ogi cal
status, etc. wll act to influence disease process and
exposure outcone. In addition, the variable exposures and

t he heterogeneity of human popul ati ons as conpared to
experinental ani mal popul ati ons nmake extrapol ati on
difficult. Sensitive subgroups within the popul ation
further conplicate assessnent. Nevertheless, it is the
regul ators' responsibility to predict for, and protect,
hi ghly sensitive popul ations, as well as groups show ng nore
aver age responses.

The Departnent recogni zes the uncertainties associ ated
with predicting individual response or calcul ating all owabl e
anbient limts which will be protective of all individuals
within the population. Due to the lack of information in
this area it is inpossible to estinate the effect of al
genetic and environnental differences in human popul ati ons,
yet these variations nust be considered in devel opi ng AALs.
The Departnent believes, therefore, that the nost prudent
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approach to AAL derivation and public health protection is
to evaluate valid data fromvarious sources, select the best
data for assessnent purposes, and apply safety or
uncertainty factors to account for specific areas of
uncertainty. (Details of this approach are provided in Part
1l of this docunent.) Since the aimof the air toxics
programis to protect a |large and diverse popul ation from

t he adverse effects of air contam nation, and since
avai l abl e scientific data do not permt precise
guantification of hazards for either individuals or specific
hi gh risk groups, CHEM reflects the Departnent's attenpt to
bal ance judgnent and fact, neasurenent and estinmation,

wi thin the bounds of acceptable scientific principles.

Exanpl e for Individual Variations

Hydrogen sulfide is known to be a system c toxicant
acting primarily through the respiratory systemto cause
effects such as headache, dizziness, gastrointestinal
distress, fatigue, irritability, insomia, and | oss of sense
of snell. It is also an irritant, causing corneal damage,
conjunctivitis, keratitis, nose and throat irritation, and
pul nonary edema. At higher exposure levels it can cause
respiratory paral ysis, asphyxia, and death. Eye effects for
wor kers are variously reported from4 ppm- 20 ppm
indicating a range of susceptibilities to irritant effects.

In addition, ACG H reports the possibility of brain damage
at low levels, and also cites a case report of polyneuritis
and encephal opathy resulting froma one-day occupati onal
exposure. Since variability is encountered anong healthy
adult workers, it is reasonable to assune that asthmatics,
children, the non-inured, and other nore sensitive
popul ations will exhibit greater variability and greater
susceptibility to the effects of exposure. Unfortunately,
however, there are no data to quantify exposure-response or
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atypical reactions in non-working popul ations. Therefore,
the best available option is to account for exposure
di fferences and sensitive popul ations through the use of
uncertainty factors designed specifically for that purpose.
It is assuned in this case that the traditional uncertainty
factor applied to account for intra-species variability (a
factor of 10) will be adequate to protect the nore
suscepti bl e groups within the population. (see Part 111,
sections B and E).

e. Lack of Data

Gaps in the data present another problemfor
regul ators. CHEM accounts for this in a nunber of ways,
depending on the nature of the specific problem First,
CHEM utilizes data froma variety of sources, including
human and animal, in vivo and in vitro, based on the best
avai l abl e studies. This mnimzes the chance that rel evant
data will be overl ooked. Second, when inportant data gaps
do exist, as noted in CHEM the nethod to derive allowable
anbient limts does not overlook this fact and instead
accounts for the mssing data by applying uncertainty
factors.

When carcinogenicity or nutagenicity data are |acking,
the AAL derivation procedure relies upon structure activity
relationship (SAR) analysis to estimate the potenti al
toxicity of the chemi cal and the likelihood that it may
exhi bit properties and effects simlar to chemcals of known
toxicity having a conparable structure (NCAB, 1983; USEPA,
1984a; OSTP, 1984). Also, when the occupational data used
to derive AALs are inadequate, and no | ong-term exposure
data for humans exist, an uncertainty factor for inadequate
toxicity data can be applied in the AAL derivation
procedure. Details are provided in Part |11, section B
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When occupational limts have not been devel oped for a
chemical of interest, other scientific |literature and data
sources will be reviewed, and toxicity assessed. The nethod
for acconplishing this task has not been devel oped as yet.

f. M xtures/ Mul ti pl e Exposures

M Xt ur es

The Departnent recogni zes the problem of m xed and
mul ti pl e exposures and the attendant health risks. \Were
reliabl e studi es have been conducted on specific m xtures,
or chemcals and their isonmers can be effectively grouped
for purposes of assessnment (e.g., PCBs, certain solvents,
asbestos fibers), the effects can be evaluated. For the
nost part, however, CHEM provides a chem cal -specific
assessnent of adverse health effects and does not assess
interactive exposures or nultiples of risk. This issue wll
be addressed in the future, as part of an overal
i npl enentation plan. Currently, when the DEP Ofice of
Research and Standards is asked to evaluate the risk posed
by m xtures of contam nants (e.g., hazardous materials
sites), total risk for the mxture is assessed using
publ i shed EPA procedures (51 FR 34014, US EPA, 1986 a).
Departnent policy regarding m xtures and total allowable
risk is to sumestimated |ifetinme cancer risks for
identified carcinogens and derive a "Hazard I ndex" to assess
the risk of threshold effects for a given m xture of
contam nants. Hazard Indices are cal culated for groups of
chem cal s which share the same or simlar mechani snms of
action by dividing the exposure concentration for each
chem cal over the Threshold Effects Exposure Limt (TEL)
(see Part I11.B.) for that chem cal and then summ ng the
rati os obtained, as shown bel ow
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Hazard | ndex = EC/TEL,, + EG/TEL, + ..... EG / TEL;
wher e:

EC = Anbi ent exposure concentration to substance 1
pl us substance 2, etc (nodel ed or detected)

TEL = Threshold effects exposure limt for
substance 1,2, etc.

Hazard indices are calculated in this way for each
group of like conpounds. The total hazard index is then
conpared to a value of one, and total excess lifetinme cancer
risk is conpared to a maxi mum allowable risk |level of one in
one hundred thousand (1 x 10°) for the mxture. This is
consistent wth policies described in the Massachusetts
contingency Plan (MCP), and supporting docunents for
eval uating risks associated with hazardous materials sites.

(Readers famliar with the MCP will note that in that
context, the hazard index is conpared to a value of 0.2
rather than one. A value of one is used in this case
because the TEL already incorporates the relative source
contribution factor of 20% (see bel ow), whereas the RFD and
ADI val ues used for evaluating exposures invol ving other
environnmental nedia generally have this 20% factor applied
|ater. Thus, the values are identical, and are only
expressed differently).

g. Interactive Effects

Agai n the Departnment acknow edges that toxicity can be
i nfluenced by a variety of factors, including synergi smand
other interactive effects of m xed exposures. Adverse
effects can be mtigated or exacerbated dependi ng on
i ndi vi dual characteristics and chem cal properties. This is
evidenced in the case of cancer pronoters and co-carci nogens
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in drug interactions, snoking and asbestos exposure, al cohol
consunption and carbon tetrachl ori de exposure. However,
since it is not currently possible to account for individual
exposure patterns or to quantify the effects of interactive
exposures on a consi stent basis, the AAL net hodol ogy does
not attenpt to address this issue. Wth the exception of a
few cl ear-cut exanples |listed above, the regul ator can

nei ther anticipate all potential exposure scenarios, nor
attenpt to regulate on that basis, since the possibilities
are endless. Rather, like other regulatory prograns, the
Massachusetts system focuses on individual chem cals and
attenpts to identify the range of possible health effects
associ ated wi th each.

As previously noted, the relative source contribution
factor of 20%is conventially applied by EPA and ot her
regul atory agencies (including the Massachusetts DEP) in the
assessnment of threshold-type health risks. The CHEM and AAL
met hodol ogy i ncorporates this factor in the TEL to account
for exposures through multiple routes. This factor allots
twenty percent of the exposures froma particular chem ca
to inhal ati on exposures. The relative source contribution
factor has not conventially been applied in the eval uation
of nonthreshold effects. However, conceptually there is no
difference between estimating relative exposures to
carci nogens and noncarci nogens. It is noted that exposure
to carcinogens as to noncarci nogens can be through a variety
of exposure routes. Thus, whereas the Departnent does not
currently apply the 20% factor to the NTEL, it recognizes
that this is an inconsistency. The Departnment wll consider
use of this factor for nonthreshold effects evaluation as a
| onger term project.
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h. Mul tiple Effects

The purpose of categorizing effects and establishing
i ndi vi dual scores for each health effect category is to
di stingui sh chem cals having the potential to produce nore
than one type of effect, and to weigh the significance of
each effect in an objective way. The toxicity of each
chem cal, within each health effect category, is assessed
i ndependently of other effects in the other categories. The
advantage of this nethod is that both the quality of the
data and the severity of the effect are assessed, and the
results achieve the significance nerited w thout overlap or
di m nution of enphasis in any one category.

3. Confronting Uncertainties in the Data

The foregoing discussion highlights the areas of
uncertainty which conplicate toxicol ogical assessnent and
sl ow regul atory progress. Scientific uncertainties
not wi t hst andi ng, however, the need to protect public health
fromexposure to toxic air pollutants make further delays in
regul atory action unacceptable, even in the face of
unresol ved questions. As Cifford Grobstein (1983) states
in an editorial,

"in general ternms, therefore, when working in the
policy node, scientists must recognize that the

decl ared purpose is an inportant determ nant of the
necessary level of certainty. 1In all cases, it is
essential to comunicate accurately what the |evel of
certainty is, as well as how it can be inproved. But

if science is to be used as constructively as it nust
be, the rigid criteria of fundanental science are often
i nappropriate. Wat often is needed is the best
avail abl e advice for a conplex decision arena. Soundly
assessed and accurately communi cated, the current state
of know edge can be a nost inportant guide, even though
not fully conplete and not yet wapped up in the gol den
trappi ngs of conplete certainty. W would be remss to
wi t hhol d what can be useful because it is not perfect.”
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In a presentation before the National Coalition on
Di sease Prevention and Environnmental Health, Douglas M
Costle, then Adm nistrator of the EPA, characterized
regul atory responsibility as foll ows:

"G ven the potential for |ong-termdamage, it seens to
be the case for a policy that enphasizes protecting
heal th where the scientific evidence is inconclusive
should be irrefutable... W do need to inprove our
scientific understanding of the |inks between pollution
and health -- especially in the case of toxic
chemi cals, many of which didn't exist a generation ago.
But we cannot delay witing sensible balanced rules
governi ng these substances. W know enough to do
that... W nust say, in candor, that there are limts
to what science can tell us about this rel ationship;
but that the nore serious limtation is an inability to
see the suffering that lies behind the dry projections
of injury that science does permt us to make; and
that, if this failure of vision can be overcone, the
need for firmand farsighted environnental regul ation
will be very plainto see.” (Costle, 1980)

Thus, in the area of regulating potentially toxic
substances in the environnent, "pure" science is only one
facet of the process, and science policy provides the |ink
bet ween the hard data and the need to nake deci si ons
regardi ng public health. The term "science policy" denotes
managenent issues that are grounded in scientific analysis,
but for which technical data are insufficient to support an
unequi vocal scientific conclusion. For exanple, there is no
scientific way to tell if a community regards a certain
| evel of risk ™"acceptable”. Such decisions involve social,
economc, political, and health considerations, as well as
scientific input.

G ven the need to address the issue of air toxics, the
Departnent takes the view that a prudent approach to the
reduction of human health risks is to utilize valid
scientific principles and the best available data to
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eval uate the potential toxicity of each chemcal, while
tolerating the inevitable uncertainties involved, and

all ocating resources wisely. CHEMreflects an attenpt to
conbi ne science fact with reasonabl e science policy, and to
bal ance qualitative and quantitative conponents in a way
whi ch nmaxi m zes the strengths and advant ages of each.

4, Sunmary

In summary, CHEM represents a standardi zed approach to
a chem cal -specific toxicity evaluation, utilizing valid
epi dem ol ogi cal, clinical and experinental data from prinmary
sources and peer-revi ewed secondary sources, and is designed
to produce a toxicity score in each of the four health
effects categories. CHEM does not provide quantitative
measures of biol ogical exposure and interaction. It does
provi de a heal t h-based nechanism for scoring toxic effects
on arelative scale, and it provides the database for
deriving allowable anbient air limts. Assessnent and
scoring procedures for each category are described in detai
in the follow ng sections.
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The "Most Appropriate Occupational Limt" (MAQL)

1. | nt roducti on

The Massachusetts system uses occupational literature
in two ways: as a database for assessing the acute and
chronic toxicity of chem cals under consideration, and as a
nmeans to sel ect a begi nning nunber to use in deriving
prelimnary human exposure limts for chem cals having
threshold effects. Details on the assessnent and scoring of
acute and chronic toxicity are provided in Part |1, section
C. The AAL derivation nethod is described in Part I11.

The sel ection of the "nost appropriate occupati onal
limt" (MACL) is a critical step in the Massachusetts system
because it affects both the health effect score for acute
and chronic toxicity in CHEM and potential AALs. In this
context, MACL is defined as the occupational limt which
provi des the best protection against the greatest nunber of
docunented health effects. The selection criteria have been
prioritized as follows:

a. The degree of protection afforded by the occupational
l[imt.

b. Relevance of the occupational limt to docunented health
effects.

c. Adequacy and conprehensi veness of the toxicity data;

d. Limtations in the occupational |evel, as reported by
t he occupational sources thensel ves

e. The inportance (severity) of the health effects
accounted for
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f. How recently reviewed, toxicologically current

g. Relevance to long-termchronic effects

Sel ection of the MACL is based on conparisons of the
toxicity data eval uated and used by NIOSH, ACGE H, and OSHA,
and the occupational |linmts devel oped by each. [|f one
occupational limt is higher than another, and health
effects are reported at or below the higher limt, the |ower
limt wll be selected as the MAOL. To the extent that
specific, reported, threshold effects are associated with a
gi ven occupational limt, the choice of a lower limt where
available is fairly straightforward and objective, and
relates to criteria a, b, and c above. Thus, the MACL is
that occupational limt which cones closest to the | owest
observed adverse effect level for specific effects reported
by the sources, w thout exceeding it. Wen the decision is
not so straightforward and cannot be clearly related to

specific effect levels, criteria "d" and "e" becone nost

i nportant, and over-all hazard is considered. Oher factors
such as thoroughness of database, and the factors invol ved
in"c" are also included in the selection. Wen
occupational limts do not differ nunerically, and one
agency nust be chosen over another, criteria "f" and "g" are

used.

Al'l data pertaining to selection of the MACL, including
heal t h bases, effects not accounted for, effects bel ow the
occupational limt, and criteria used/rational e behind each
choi ce, are docunented on worksheets designed for this
category. A sanple worksheet is provided at the end of this
chapter.
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2. Background | nformation

Reconmended or perm ssible |levels of hunman exposure to
industrial chemcals are set by the National Institute for
Cccupational Safety and Health (NIOSH), the Anerican
Conf erence of Governnental I|ndustrial Hygienists, |Inc.

(ACA@ H), and the Cccupational Safety and Health

Adm nistration (OSHA). N OSH is specifically authorized to
"reconmend occupational standards to the appropriate

regul atory body" (i.e. OSHA) and to "conduct such research
and experinental prograns as...are necessary for the

devel opment of criteria for new and i nproved occupati onal
safety and health standards.” (N OSH OSHA, 1981). In
addition to comenting on OSHA's standards, N OSH has al so
devel oped conprehensive Criteria Docunents for approximately
100 of the chem cals regul ated by OSHA.

| ndependently of the federal governnent, ACG H reviews
the scientific and industrial hygiene literature, and
establishes a recommended threshold |imt value (TLV) for
each chem cal under consideration. ACAH has revi ewed
virtually all chem cals regulated by OSHA, in addition to
sonme unregul ated chemcals. ACA@H s TLV Conmittee is
conposed of experts fromthe fields of toxicology,
engi neering, industrial hygiene, analytical chem stry, and
medi ci ne. Comm ttee nenbers provide the docunentation,
whi ch is updated and published annually. VWhile only OSHA
limts carry regulatory weight, many groups and i ndustries
have voluntarily adopted the generally nore stringent and
nmore toxicologically current recommendati ons of N OSH and
ACA H.

Cccupational limts (generically referring to the
exposure limts set by NIOSH, ACG H, OSHA) generally
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represent tinme-weighted average concentrations of airborne
substances to which a worker can be exposed during defined
wor k- peri ods, and under specified work conditions,

t hroughout a working lifetime. N OSH recommendati ons are
based on a 10- hour day, 40-hour week; ACGE H TLVs and OSHA
standards pertain to an 8-hour day, 40-hour work week.
Short-termexposure limts and ceiling values are eval uated
and set on case-by-case bases.

For the sanme chemical, NIOSH ACAH, and OSHA
frequently set different limts (see Rowan et al., 1984 for
a di scussion conparing these differences).

Nl OSH recommended limts are often, but not consistently,

| oner than those set by OSHA and ACA@ H Differing
recommendations are influenced by a variety of factors,

i ncluding different agency nandates, cancer policies, and
mul ti - di mensi onal approaches to controlling exposures for
wor kers. An exanple of differing perspectives can be seen
in the respective definitions and assessnent procedures for
regul ati ng carci nogens.

First, the nunber of substances regul ated as

carci nogens differ anong the agencies. ACAH has assigned
TLVs for 34 carcinogens and has identified another 19
carcinogens for which TLVs are not assigned due to
insufficient data on environnental conditions (ACGH, 1987).

NI OSH consi ders 33 chem cals as potential carcinogens, and
recommended standards were set for all 33 (NI OSH, 1981).
OSHA has est abli shed workpl ace standards for 17 substances
identified as carcinogens (N OSH OSHA, 1981).

Secondl y, varying procedures are utilized by the three
groups. For exanple, ACAH has devel oped a standardi zed
cancer assessnent procedure for chem cals based upon the
avai | abl e evidence, taking into account certain appropriate
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experinmental paraneters for aninmal data (ACAH, 1980). In
contrast to ACG H procedures is the case-by-case approach by
whi ch NI OSH eval uat es wor kpl ace carci nogens, or OSHA's
policy of categorizing chem cals dependi ng on the degree of
evi dence for carcinogenicity (OSHA, 1981). Inconsistencies
inthe criteria for classifying carcinogens have led to
differences in identifying chem cal carcinogens and in

al l owabl e | evel s of worker exposure to these substances.

Due to the vast nunber of chemicals that are emtted
into the air, the lack of federal guidance for nost of those
chemicals, and limted resources at the state level to
devel op individual air quality standards, states often use
occupational limts in their air toxics programs to
establish acceptabl e exposures to the general public. A
comon procedure is to use ACA H TLVs, reduced by sone
safety factor to protect sensitive groups exposed beyond a
40- hour wor kweek.

However, before using occupational limts to derive
al l owabl e anbient Iimts for the general public, it is
important to understand the strengths and |inmtations of
occupational limts and their intended use. Cccupational
limts represent perm ssible exposures for healthy adult
workers in controlled settings. Each assunes a recovery
period during which exposure will be zero, as follows: OSHA
standards and ACGH Iimts allow a recovery period of 16
hours between daily exposures and 64 hours on weekends.
NICSH | imts allow 14 hours between wor kdays and 86 hours on
weekends. Wbrkers are assuned to be between 18 and 65 years
of age, and to represent a relatively healthier subset of
t he general popul ation.

In addition to significant differences between working
and non-working (e.g. old, young, infirm popul ations,
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occupational settings offer different control opportunities.
Cccupational exposure limts can be achieved in a nunber of
ways, including reducing environmental exposures (air and/or
ski n exposures), using personal protective devices, nedical
surveillance prograns, use permt systens, technol ogy-based
controls, and product substitution or prohibition. Thus,
the techni ques avail able in occupational settings to provide
wor ker protection significantly differ fromthe techni ques
whi ch are available to regulatory agencies to protect the
general popul ation, since many of these options are not
feasible for anbi ent exposures to |arge popul ations.

Finally, occupational Iimts were not designed for use
by, or to be protective of, the general public (AC4AH,
1986). Miltiple or continuous exposures, and popul ations
including children, the elderly, the chronically ill, and
t he hypersensitive are not accounted for.

Even in the occupational setting, all workers are not
protected against all health-related effects. |In fact, of
the nore than 100 chem cals eval uated by the Departnment to
date, nmore than half are reported by the sources thensel ves
to have specific adverse acute or chronic effects bel ow the
occupational limts. Gven differing occupational limts
then, and the varying degrees of protection afforded by
each, it is essential that each occupational |limt be
t horoughly evaluated as to its health basis, rationale,
adequacy, and relevance for setting anbi ent exposure |evels.

Despite the fact that occupationally derived exposure
limts are not directly applicable to environnental
settings, there are, nevertheless, significant advantages to
usi ng the docunentation and recomended |imts provided by
Nl OSH, AC@ H, and OSHA. First, these conprise the | argest
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avai |l abl e body of know edge pertaining to the effects of

ai rborne contami nation for human popul ati ons, based on years
of experience. Second, the docunentation has been prepared
by qualified commttees that evaluate data from many
sources. The docunentation is peer-reviewed, thorough, and
updated regularly. Third, reports include the range of
effects and effect |levels, experinental as well as field
data, an overall toxicity evaluation, and the reasoning
behi nd each recommendati on. Areas of disagreenent anong the
three agencies, conflicting evidence, gaps in the data, and
limtations in recommended | evels are explicitly discussed
by the occupational agencies. This allows for the objective
conpari son of differing recomendations.

3. Sel ection and Use of the MACL

In order to illustrate the MAOL sel ection process,
aniline is presented as a representative case. Aniline is a
system c toxicant which affects the ability of the blood to
carry oxygen. The OSHA standard for aniline is 5 ppm and
NIl OSH has not proposed any change (N OSH OSHA, 1981).
However, ACG H recommends a 2 ppm TLV, based on a different
interpretation of the health data reported, and a greater
enphasis on chronic effects (ACA@H, 1986). Both N OSH and
ACG H report bl ood and nervous systemeffects, as well as
hi gh rates of skin absorption. NOSH |lists the short-term
exposure effects as met henogl obi nem a and oxygen defici ency
wi th synptons such as headache, weakness, irritability,
drowsi ness, and shortness of breath. Long-term exposure
effects include the above, plus pal eness, insomi a,
decreased appetite, and anem a. Both agencies report
nmet henogl obin formation at |levels as low as 5-7 ppm ACAH
stresses the nunber of fatalities and cases of chronic
poi soni ng associated with aniline, and reports the presence
of liver atrophy and cirrhosis in at |east one case of fatal
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overexposure. The TLV Conmttee cites the work of two
researchers denonstrating effects at 5 ppm one of whom
recommends an occupational limt of 1 ppm ACAEH points out
that the current OSHA standard was derived from ol der dat a,
and allows no margin of safety. ACAH recommends a |limt of
2 ppm

The Departnent chose the MACL of 2 ppm based on (1)
presence of effects at the NIOSH OSHA | evel of 5 ppm (2)
the potential for chronic poisoning, and (3) the seriousness
of the effects noted. As ACAH points out, the OSHA/ Nl OSH
limt of 5 ppmprovides no nmargin of safety even for the
heal t hy worker exposed intermttently. Both N OSH and ACG H
enphasi ze the fact that even a small anobunt absorbed from
cl ot hing can cause intoxication. Mreover, the sensitivity
of the general population to anoxia and related effects of
ani |l i ne exposure suggest a conservative approach,
particularly since anbi ent exposures are likely to occur in
t he presence of carbon nonoxi de and ot her asphyxi ants.

The | ower occupational |imt is selected in order to
begin with a nunmber which accounts for chronic toxicity, and
which is below | evels of reported effects. Since the
carcinogenicity of aniline is reported el sewhere and will be
accounted for by the scoring systemfor carcinogenicity, it
is not necessary to account for it here. Thus, the use of
the 2 ppmlimt for aniline is "nost appropriate" for the
foll ow ng reasons:

o0 Lack of margin of safety at 5 ppm
0O Aniline's acute and chronic toxicity

0 Magnitude of effects

0 Relatively |arge nunber of people likely to be
sensitive to the effects
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o Ubiquitous nature of other anoxia-produci ng
chemi cal s

As indicated, the MAOL is used in tw ways: in CHEM
as a basis for assessing and scoring the acute and chronic
toxicity of chem cal conpounds; in the AAL derivation
nmet hod, as the starting point for devel opi ng heal t h-based
anbi ent exposure limts for chem cals associated with
t hreshol d effects.

Use of the MAOL approach serves two purposes: First,
it provides a nechanismfor assessing differing occupational
limts, and allows for objective selection based on
standardi zed criteria. Second, it allows the Departnent to
review all of the data presented by NIOSH, ACA H, and OSHA
and to choose the nost health-oriented [imt rather than
being arbitrarily restricted to one agency's
recommendations. This case-by-case anal ysis of each
occupational limt provides a basis for interpreting
conflicting data or conflicting reconmendations, insight
into how and why each Iimt was recomended, and a | ess
arbitrary, nore objective nmechani smfor choosing anong
di ffering val ues.

Cccupational limts are set by NNOSH, ACEH, and OSHA
(not by the Departnent). A probleminvolved in using
occupational limts to set allowable anbient limts is the
fact that some occupational limts are | ess adequate than
others. Chemcals representing simlar degrees of hazard
may not have simlar MAOLs. In the case of 1, 3-butadi ene
for exanple, the occupational |imt recommended by N OSH
ACA H and OSHA has been 1000 ppm ACA H has now adopted a
10 ppm TLV, and the MAOL has changed accordi ngly. However,
until the new TLV was set, none of the occupational |imts
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could really be characterized as "appropriate" since
exposure | evels even | ower than 1000 ppm (625 ppm produced
tunors in animals in carcinogenicity studies (NTP, 1984).
The Departnent acknow edges this problem and will devel op
an alternative procedure using other data sources in these
cases, rather than rely on obviously outdated and

t oxi col ogi cal l y i nadequate occupational limts, when such
deficits cannot be sufficiently addressed by the use of

safety or uncertainty factors in deriving the AAL. The

procedure used will be the sane as when no occupati onal
limts exist for a conpound.

When no occupational [imt exists for a chem cal of
concern, the Departnment will use other toxicity literature
and establish an alternative process (e.g., inhalation

Ref erence Dose). The Departnment is currently working on
devel opi ng the procedure to be used. Wen an occupati onal
limt recomended by NIOSH, ACA H or OSHA is changed by one
of those agencies, the Departnment will review the data and
recommendation in order to determ ne whether a change in the
MAOL or AAL is warranted. It should be noted that when

i nhal ation reference doses (RfD) becone routinely avail abl e,
the Departnment will refer to these in deriving AALs, and may
not use occupational limts for this purpose.

4. Sunmary

The "nost appropriate occupational limt" (MAQL),
defined as the |l evel which provides the best protection
agai nst the greatest nunber of docunented acute and chronic
health effects, represents a critical conponent of the
Massachusetts system As outlined, the MAOL serves two
purposes: first, as a factor in scoring acute and chronic
toxicity, and second, as the starting point in deriving AALS
for some chemcals. |In beginning wth the MAOL, the
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Department seeks to provide a sound health basis for
eval uating toxicity and deriving exposure limts for
t hreshol d chem cal s.
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6. Most Appropriate Occupational Limt (MACL) Wrksheet

The purpose of this worksheet is to docunent how and
why each MAOL was chosen by the Departnment. The worksheet
i ncludes any health effects data reported by NI OSH, ACA H,
and OSHA in support of their respective recommendati ons, as
wel | as the reasoning behind the Departnent's decision to
sel ect one occupational limt rather than another. The
wor ksheet presents the data in a way which all ows
straightforward conpari son anong all three occupationa
agenci es. However, except in the case of a proposed change
(e.g., lead), OSHA does not provide docunentation for its
publ i shed standards, and the general industry standard
(OSHA, 1978) is, therefore, the only information from OSHA
which is provided on the worksheets (see Part |1, sections B
and C).

At the top of each worksheet the follow ng information
is given: Chem cal name, CAS code, date worksheet was
conpl eted by Departnment, MAOL chosen, and origi nating
agency. The worksheet is then divided into seven col ums,
wi t h headi ngs as expl ai ned bel ow.

Cccupational Limt: Under each agency nane the
occupational limt is |isted.
Al'l val ues represent
ti me-wei ghted averages unl ess
ot herwi se noted (e.g., "50ppm
5-mnute ceiling").

Health Effects/Basis for Limt: Effects reported by each
agency and considered in the
derivation of the occupational
limt are listed by najor effect
categories (e.g., irritant,
system c toxicant, carcinogen,
etc.). The effects listed are
summari zed fromthose listed in
nore detail in the acute/chronic
toxicity worksheets.
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Effects At or Below the Occupational Limt: Any effects

Addi ti onal

Dat a:

Ef fects Not Accounted For:

Basis for

Deci si on:

reported by the occupati onal
agency which occur at or bel ow

t he reconmended occupati onal
l[imt are listed, as well as the
| evel s at which those effects
are observed. This information
is used by the Departnent to

j udge the degree of protection
af forded by each occupati onal
limt, and to select the MAQOL.

This colum is used to record
any additional toxicological
informati on or comments provided
by the occupati onal agencies, to
facilitate selection of the
MACL.

Any effects identified in the
assessnents for carcinogenicity,
mut ageni city, or devel opnental/
reproductive toxicity which were
not accounted for in the
occupational limt are recorded,
as well as any acute or chronic
effects not covered by the
occupational limt. This
information is used by the
Depart ment when assigning the
Threshol d Effects Uncertainty
Factor for Effects Not Accounted
for in the MAOL. The data are
collected primarily through
CHEM and not fromthe
occupational agencies, and are
listed after all assessnents are
conpl eted. Carcinogenicity, and
mut ageni city are not consi dered
when sel ecting the MAQL.

This colum is used to record
which criteria were applied in
the Departnent’'s decision to

sel ect one occupational Iimt as
"nost appropriate”.
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Ref er ences: The docunentation provided by
each occupational agency is
referenced briefly. Conplete
ref erences are included
foll owi ng the MACL section of
the text (Part I, section B)
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SELECIT ON O MACL WORKSHEE ]

FOR:

CAS CODE:
DATE:

MAOL CHOSEN:

OCCUPATIONAL HEALTH EFFECTS AT OR ADDITIONAL EFFECTS NOT BASIS FOR THE | REFERENCES
LIMITS EFFECTS/BASIS BELOW DATA ACCOUNTED FOR| DEPARTMENT'S
FOR LIMITS OCCUPATIONAL DECISION
LIMIT
NIOSH:
ACGIH:

OSHA:




Acute and Chronic Toxicity

1. | nt roducti on

Adverse health effects are defined in CHEM as effects
that occur with intermttent or continued exposure and that
result in inpairnment of functional capacity (as determ ned
by anat om cal, physiol ogical, biochem cal, or behavioral
paranmeters), or in a decrenment of the ability to conpensate
for additional stress, or enhance the susceptibility of the
organismto di sease or other deleterious effects.

In CHEM acute toxicity is defined as the occurrence of
adverse health effects which develop within a reasonably
short period of tinme after exposure to a single dose or
mul ti pl e doses of a substance. Chronic toxicity is defined
as the occurrence of adverse health effects that devel op and
persi st over time after exposure to a single dose or
mul ti pl e doses of a substance. It should be noted that the
category of acute and chronic toxicity covers all adverse
health effects not considered under carcinogenicity,
mut ageni city, or devel opnental /reproductive toxicity. It
i ncl udes neurotoxicity, allergenicity, inmmunosuppression,
and all cellular, organic, system c, glandular, behavioral,
or other toxic effects or conditions. The steps involved in
eval uating chem cals for acute and chronic toxicity include
conpiling a wide range of health data fromthe occupationa
literature, selecting the occupational limt which offers
the greatest protection, determning the severity of effects
associated with the chemical, and deriving the final score.

2. Dat a Base

Al'l of the toxicity information reported by N OSH and
ACE H in support of their respective occupational limts is
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recorded on standardi zed worksheets (a sanple worksheet is
provi ded at the end of this chapter). As described in the
previ ous section, background docunmentation provided by these
groups represents a conprehensive and val uabl e source of
toxicity data, particularly in relation to human inhal ation
exposures. Existing OSHA standards are recorded as well,

but unl ess these have been recently reviewed or revised, the
background data for OSHA standards are not factored into the
heal th assessnment. OSHA standards are excluded because,
with few exceptions, they were sinply adopted fromthe early
American National Standards Institute (ANSI) or ACG H

gui delines, and do not reflect current toxicol ogical
information. For exanple, the current 3 ppm OSHA standard
for formal dehyde was adopted fromthe 1967 ANSI gui deline
#737.16, based on the chemcal's irritant characteristics
only. Since that time, fornal dehyde has been shown to be
carci nogeni c, nutagenic, and teratogenic in experinental
animal s, and both NI OSH and ACGE H have recomended | ower
occupational limts on those bases.

The worksheets for acute and chronic toxicity provide a
conprehensive profile of the toxic effects docunented by
Nl OSH and ACAH. Limtations in the data, effects not
accounted for, and the rationale behind each |imt are also
recorded. The data and recommendati ons provi ded by each
source are not el aborated upon by the Departnment in the
wor ksheets. The worksheets are used to record only the
i nformation and judgenents of the sources thenselves. Both
human and ani mal data are included and are carefully
di stingui shed fromone another. A sanple worksheet is
provided at the end of this chapter.

3. Scoring Procedure

Scoring for acute and chronic toxicity is based on
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qualitative and quantitative indices of toxicity. The
guantitative conponent is reflected in the nunerical val ue
of the MAOL, and the qualitative conponent is represented by
an eval uation of the severity or seriousness of those
effects associated with exposure to the chem cal. Tables
I1-2 and |I1-3 present the scoring systemfor acute and
chronic toxicity (gases and particul ates), using both the
severity factor assigned and the nunerical value of the
MAOL. The selection of the severity factor is described

bel ow.

Based on the acute and chronic health effects
docunented in the MAOL, a rating factor of 1, 2, or 3 1is
assigned, representing the severity of those effects, as
wel |l as potential reversibility. Evidence of
carcinogenicity, nmutagenicity, devel opnental, and
reproductive toxicity are not considered in assigning the
severity factor since they are eval uated separately (see
sections D, E, and F, respectively). 1In addition, only
those effects occurring at levels relevant to the
occupational limt are included in the assessnent and
scoring. Severity factors are assigned as foll ows:

one point: MIld or transient irritant
effects (e.g. runny nose, eye
irritation, headache, coughing).

two points: Moderate to severe irritant
effects; mld to noderate
transi ent system c effects;
effects generally considered to
be reversible (e.g. bronchitis;
anoxi a; incoordination; fatigue;
di zzi ness)

t hree points: I rreversible pul nonary effects;
serious system c effects;
chronic or persistent effects;
cunul ative effects, or effects
involving multiple sites or
organ systens (e.g., enphysens,
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TABLE |1-2. SCORI NG MATRI X FOR ACUTE AND CHRONI C
TOXI O TY ( GASES)

Met hodol ogy: Conbi ne "Most Appropriate Occupational Limt"
(MAOL) with Severity Factor (1-3) to obtain score code (A-E)

MAQOL Severity Factor
(ppm 3 2 1
< 2 A B C
3- 24 B B C
25 - 100 B C D
> 100 C D E

TABLE 11-3. SCORI NG MATRI X FOR ACUTE AND CHRONI C
TOXI CI TY (PARTI CULATES)

Met hodol ogy: Conbi ne "Most Appropriate Occupational Limt"
(MAOL) with Severity Factor (1-3) to obtain score code (A-E)

MAOL Severity Factor
(ng/ ) 3 2 1
< 0.25 A B C

0.25 - 1 B B C

2 -5 B C D

> 5 C D E




three points epi | epsy, cirrhosis, peripheral

(cont.): nerve damage, |iver or kidney
effects).
Table I1-4 shows the acute and chronic health effects

associated with 10 sanple chemcals, as well as the severity
factor selected for each. Table I1-5 presents the toxicity
scores for all chemi cals evaluated to date.

In using the MAOL as one of two conponents in scoring
for acute/chronic toxicity, CHEM assunes that the MAOL wil |
bear sone relationship to the dose |levels noted for the
acute and/or chronic effects descri bed.

This nmeans that generally speaki ng, CHEM assunes t hat

| oner occupational limts will be associated with chem cals
producing toxic effects at | ower concentrations, while

hi gher occupational limts will reflect |ess hazard.
However, because effects occurring at the sane | evel may not
necessarily represent the same degree of toxicity, severity
of effect is also incorporated into the scoring nmechani sm

For exanple, both chlorof ormand nethyl acrylate have
MAOLs of 10 ppm but chloroformreceives a score of "B for
acute and chronic toxicity, while nmethyl acrylate receives a
score of "C. The difference in scores is a reflection of
the difference in the type and severity of effects
associated with each chemcal. Chloroformis hepatotoxic
and fetotoxic, and al so exhibits cardiac, central nervous
system and kidney effects; whereas nethyl acrylate acts
primarily as a local irritant (eyes, nose, throat, |ungs).
Thus, Chloroformreceives a 3-point "severity of effect”
classification based on the chronic and potentially
irreversible effects docunented, and nethyl acrylate
receives 1 point for its transient irritant effects.
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TABLE I'1-4. SEVERI TY FACTORS ASS|I GNED TO TEN SAMPLE CHEM CALS

CHEM CAL ACUTE AND CHRONI C HEALTH EFFECTS* SEVERI TY FACTOR
Ammoni a acut e: irritant (skin, eyes, respiratory 2
tract)
chronic: respiratory tract irritation, damage;
can affect cerebral energy netabolism
Benzene acut e: CNS depressant, irritant, narcotic 3
chroni c: bl ood changes, chronic poisoning
nmyel ot oxi cant
1, 3- But adi ene acut e: irritant (skin, eyes, nose, throat) 1
chronic: liver effects in experinental animals,
none reported in humans
Di chl or onet hane acut e: irritant (skin, eyes, respiratory 3
tract) e.g. COHb formation, angina
synptomns, |iver, kidney, CNS effects
chronic: liver, kidney, CNS effects
Epi chl or ohydrin acut e: irritant (skin, eyes, respiratory 3
tract) severe; e.g., pneunonitis,
| ung edema; cyanosi s, nausea,
vom ting, abdom nal pain
chronic: liver, kidney, |ung danage;
sensitization
For mal dehyde acut e: irritant (skin, eyes, respiratory 2
tract)

chronic: allergic dermatitis, eye damage,
pneunonitis, pul nonary edema with
resi dual cardiac inpairnent,
sensitization

continued . . .




TABLE 11-4. SEVERI TY FACTORS ASSI GNED FOR TEN SAMPLE CHEM CALS, conti nued
CHEM CAL ACUTE AND CHRONI C HEALTH EFFECTS* SEVERI TY FACTOR
Hydr ogen Sul fide acut e: irritant (eyes, nose, throat); also 2
edema, asphyxi a; headache, di zzi ness,
fatigue, upset stomach,irritability,
i nsomi a, |oss of sense of snel
chronic: polyneuritis, brain damage, cunul ative
or chronic irritant effects
Met hyl acut e: irritant (skin, eyes, nose, throat); 1
Met hacryl at e e.g. drowsiness
chronic: skinirritation
Propyl Al cohol acut e: mldirritant (skin, eyes, nose, throat) 1
chroni c; none noted
Tetrachl or o- acut e: irritant (eyes, nose, throat); e.g., 3
et hyl ene headache, nausea, drowsiness, dizziness,
i ncoordi nation; liver effects, cardiac
effects
chronic: skin irritation, liver and ki dney damage,
neur opat hy, CNS effects, cardiac effects

* As reported by NIOSH and ACA H.




TABLE I1-5. RESULTS OF SCORI NG FOR ACUTE AND CHRONI C TOXI CI TY
conti nued
CHEM CAL NANE MOST APPROPRI ATE SOURCE | SEVERI TY TOXICI TY
OCCUPATI ONAL LEVEL OF FACTOR® SCORE*
(MAQL) ! MAQL2
mg/ n? ppm
Acet al dehyde 100 A 1 D
Acet one 250 N 1 E
Acrylonitrile 2 A 3 A
Anmoni a 25 A 2 C
Ani line 2 A 3 A
Asbest os 0.1 N 3 A
fibers/cnt

Benzene 1 N 3 A
Benzyl Chloride 1 A 2 B
Beryl I'ium 0. 0005 N 3 A
1, 3- But adi ene 10 A 1 C
n- Butyl Al cohol 50 A 2 C
Cadni um 0.01 A 3 A
Cal ci um Chromat e 0. 001 N 3 A
Car bon
Tetrachl ori de 5 A 3 B
Chl or dane 0.5 A 3 A
Chl ori ne 0.5 A 2 B
Chl or obenzene 75 A 2 C
Chl or oet hane 1000 A 1 E
Chl orof orm 10 A 3 B
Chl or opr ene 1 N 3 A
Chromc Acid 0. 001 N 3 A
Chrom um (et al ) 0.5 A 2 B
Chrom um (VI)
conpounds 0. 001 N 3 A
p- Cr esol 2 N 2 B
Cycl ohexane 300 A 1 E
o-Di chl oro-

benzene 50 A 2 C
p- Di chl or o-

benzene 75 A 2 C
1, 2-Di chl or o-

et hane 10 A 3 B
1, 2-Di chl or o-

et hyl ene 200 A 1 E
Di chl or onet hane 50 A 3 B
1, 2- Di chl or o-

pr opane 75 A 3 B
Di et hyl am ne 10 A 2 B
Di (2-et hyl hexyl)

pht hal at e 5 0.3 A 3 A
Di net hyl -

f or mani de 10 A 2 B
1, 4- Di oxane 25 A 3 B

continued .




TABLE 11-5. RESULTS OF SCORI NG FOR ACUTE AND CHRONI C TOXI CI TY, conti nued
CHEM CAL NAME MOST APPROPRI ATE | SOURCE SEVERI TY TOXIC TY
OCCUPATI ONAL oF FACTOR® SCORE?
LEVEL (MAQL)?! MAQL2
ng/ ¥ __ppm
Di phenyl
( bi phenyl) 0.2 A 3 A
Di phenyl am ne 10 1.4 A 3 A
Epi chl or ohydrin 0.5 N 3 A
Et hanol 1000 A 3 C
Et hyl Acetate 400 A 1 E
Et hyl Acrylate 5 A 2 B
Et hyl Benzene 100 A 1 D
Et hyl ene d ycol 50 A 2 D
Et hyl Ether 400 A 2 D
Fl uori de 2.5 A 3 B
For nal dehyde 1 A 2 B
Hept achl or 0.5 A 3 B
Hexachl or ocycl o-
pent adi ene 0.01 A 3 A
Hexachl or oet hane 1 A 2 B
Hexachl or ophene No
Cccupat i onal - - -
Limt
2- Hexanone 4 0.98 N 2 B
Hydr azi ne 0.1 A 3 A
Hydr ogen
Chl ori de 5 A 2 B
Hydr ogen
Fl uori de 2.5 A 3 B
Hydrogen Sul fi de 10 A 2 B
| soanyl Acetate 100 A 1 D
| sobutyl Acetate 150 A 1 E
| sobutyl Al cohol 50 2.5 N 1 D
| sopr opyl
Acet at e 250 A 1 E
Lead 0. 05 0 3 A
Lead Subacetate 0. 05 0 3 A
Li ndane 0. 04 A 3 A
Mal ei ¢ Anhydri de 0.25 A 2 B
Met hanol 200 A 3 C
2- Met hoxy-
et hanol 5 A 3 B
Met hyl Acryl ate 10 A 1 C
Met hyl Brom de 5 A 3 B
Met hyl et hyl
ket one 200 A 3 C
Met hyl i sobutyl
ket one 50 A 3 B

continued .




TABLE I1-5. RESULTS OF SCORI NG FOR ACUTE AND CHRONI C TOXI CI TY, continued
CHEM CAL NAME MOST APPROPRI ATE | SOURCE | SEVERI TY TOXIC TY
OCCUPATI ONAL LEVEL OF FACTOR® SCORE*
(MAQL) ! MAQL?
mg/ me
ppm
Met hyl
Met hacryl at e 100 A 1 D
M r ex No
Cccupat i onal - - -
Limt
Napht hal ene 10 A 2 B
Ni ckel 1 A 3 B
Ni ckel Oxide 1 A 3 B
Ni t robenzene 1 A 2 B
Pent achl or o-
phenol 0. 05 A 3 A
Phenol 5 A 3 B
Phosphoric Acid 1 - A 2 B
Pht hal i c
Anhydri de 1 A 2 B
PCBs 0. 001 N 3 A
Propyl Al cohol 200 A 1 E
Propyl ene Oxi de 20 A 2 B
Resor ci nol 10 A 1 C
Sel eni um 0.2 A 3 A
Sel eni um Sul fi de 0.2 A 3 A
Styrene 50 N 3 B
Sul furic Acid 1 A 2 B
1,1, 2,2-Tetra-
chloro-1, 2-di -
fl uor oet hane 500 A 2 D
1,1, 2,2-Tetra-
chl or oet hane 1 A 3 A
Tetrachl or o-
et hyl ene 50 A 3 B
Tet r ahydr of ur an 200 A 2 D
Tol uene 100 A 2 C
Tol uene dii so-
cyanat e 0. 005 A 3 A
o- Tol ui di ne 2 A 2 B
1,1, 1-Trichl oro-
et hane 350 A 2 D
1,1, 2-Trichl oro-
et hane 10 . A 3 B
Tri chl or o-
et hyl ene 25 N 3 B
2,4,6-Trichl oro- No
phenol Cccupat i onal - - -
Limt
Triethyl am ne |1O A 2 B

conti nued



1)

2)
3)

4)

TABLE I'1-5. RESULTS OF SCORI NG FOR ACUTE AND CHRONI C TOXI CI TY, continued
MOST APPROPRI ATE | SOURCE
OCCUPATI ONAL CF SEVERI TY TOXIATY
LEVEL (MAQL)?! MAQL2 FACTOR® SCORE*
CHEM CAL NANE mg/ m ppm
Vanadi um 1 N 2 B
Vanadi um
pent oxi de 0.05 A 2 B
Vi nyl Acetate 4 N 2 B
Vinyl Chloride 5 A 3 B
Vi nyl i dene
Chl ori de 5 A 2 B
Xyl enes 100 A 2 C

Cccupati onal

mllion (ppm) for gases and in ng/ mfor

parti cul at es.
Abbr evi ati ons used:

See p. 90.

Assi gned according to matri x,

A- ACGH N -

NICSH, O -

OSHA.

Tables I1-2 and |1-3.

limts are usually expressed in parts per



Since scores are based on the MACL as well as severity
of effect, new occupational data or changi ng occupati onal
limts could result in a change of score.

Toxicity updates and revi sed occupati onal
recommendat i ons published by OSHA, NIOSH, and ACA H wil |
therefore be reviewed periodically, so that worksheets and
scores will reflect the best current information on each
chem cal. New data bearing on acute or chronic toxicity
from sources other than NIOSH, ACA H, and OSHA will be
eval uated for validity and rel evance on a case-by-case basis
and may be used to supplenent the occupational data if
warranted. Cases where this would be necessary m ght
i ncl ude the discovery of a previously unknown or unaccounted
for, but serious health effect, or the availability of human
evi dence where only ani nal data existed when the
occupational limt was devel oped. Such information would
affect only the background docunmentation and severity of
ef fect conmponent of scoring, and not the MAOL itself (unless
the occupational limts thensel ves are changed as well).

When no occupational |imt has been devel oped for an
air contamnant identified in Massachusetts the Departnent
will still have the responsibility to devel op an all owabl e
anbient limt. The Departnent is working on the procedures
to be used in that case. The current plan is to use EPA
i nhal ati on Reference Doses when these becone avail abl e.

4. Sunmary

Acute/chronic toxicity is one of the four health
effects categories used in CHEM All adverse health effects
are included in this category wth the exception of
carcinogenicity, nmutagenicity, and
devel opnent al / reproductive toxicity, which are eval uated
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separately.

CHEM relies primarily on occupational literature to
assess acute and chronic toxicity. Docunentation for
occupational limts set by NNOSH, ACG H, and OSHA is used to
conpile health data and to derive a score for each chem cal

Scoring is based both on the MAOL sel ected and the severity
of the effects docunmented. Thus, a chemical with a | ow MACL
and/ or severe health effects (e.g., chronic liver damage)
receives a higher score than a chemcal with a high MACL
and/or |l ess serious health effects (e.g., local irritation).

By using both conponents for scoring, the acute/chronic
toxicity assessnment is able to differentiate chem cals which
have sim | ar occupational limts but very different effects,
and thus, is sensitive to the relative hazard posed by each
chemi cal
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5. Ref erences for Acute and Chronic Toxicity

American Conference for Governmental Industrial Hygienists
(AC@H). 1986. Docunentation of the Threshold Limt Val ues.
Fifth Edition. ACAH, G ncinnati, OGChio.

American National Standards Institute (ANSI). 1967. U S A
St andard for Acceptable Concentrations of Formal dehyde. ANSI
Standard Z37.16 - 1967.

National Institute for Cccupational Safety and Heal th (N OSH)

U S. Departnent of Health, Education and Wl fare. 1980.
Criteria for a recommended standard....occupational exposure to
hydrogen sul fide. Wshington, D.C

National Institute for Cccupational Safety and Health (N OSH)
1984. U. S. Departnent of Health and Human Servi ces.
1,3-Butadiene. N OSH Current Intelligence Bulletin, 2/9/84.
DHHS Publ i cation No. 84-105.

National Institute for Occupational Safety and

Heal t h/ Cccupational Safety and Heal th Adm nistration

(NIOSH OsHA) .  1981. (Qccupational Health Guidelines for
Chemicals Vol. | and Il. U S. Departnent of Health and Human
Services. U S. DHHS Pub. No. 81 - 123.
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6. Acute and Chronic Toxicity Wrksheets

As described, the scoring procedure incorporates a
matri x systemin which both the occupational |evels and the
assigned severity factor are considered (Table I1-3).

I nclusion of the severity factor is inportant because it
enabl es the systemto differentiate between various types of
ef fects anong chem cal s having simlar occupational |evels,
and is responsive to the rationale behind a given
recommendati on. For exanple, one |evel nay be | ow because
of its local irritant qualities, while another may have been
set at a simlar level to protect against hematopoietic
effects or liver damage. Standardi zed worksheets have been
designed to sunmarize the toxicity information provided by

t he occupati onal sources as conpletely as possible.

Wor ksheet headi ngs are described below. All data are for
humans, unl ess ot herw se noted. Thus aninmal and hurman data
are clearly distinguished. Animal species are identified
whenever they have been identified by the source. Al data
on wor ksheets are summarized directly fromthe sources
referenced, frequently including quoted material. Al
comments are those of the data sources.

Colum 1 - Qccupational Goup: NOSH ACAH OSHA. The
groups are divided into three sections, and data
from each source are recorded.

Colum 2 - Qccupational Level: The occupational |evels
recommended by NIOSH, ACE H and OSHA are
recor ded.

Colum 3 - Principal Action: This section describes the
nature of predom nant effects, abbreviated as
fol |l ows:
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irrit

ant Ter = teratogen

C = carcinogen R = reproductive effects
T = systemc toxin M = nmutagen
Colum 4 - Toxicity: LDses, and upper limts of toxicity or

lethality are recorded in this colum for both
ani mal s and humans, as avail abl e.

Colums 5-13 - Health Effects: Health effects are

Col ut€mms 14-

subdi vi ded by anatom cal site of action,

i ncludi ng skin, eyes, respiratory tract (RT),
liver and kidney, and nervous system A

m scel | aneous category ("other") is included for

| ess conmon effects such as hemat opoietic
effects, or information about effects described

i n anot her subdivi sion when additional space or
description is needed. Carcinogenic, nutagenic,
devel opnental and reproductive effects are noted
as well, but evaluated separately. N OSH data
are recorded in the same format in which they are
reported - they are divided into short-term and

| ong-term exposures. Health effects are noted by
a check mark (% under the appropriate colum and
are briefly sunmmari zed. ACGEH data, if already
docunented in the NIOSH section, wll be
indicated: "sane as NIOSH'. Effects which
differ fromthose reported by NIOSH are
appropriately recorded in the ACAH secti on.

15 - Data: These colums describe the | owest
effect levels reported for various effects, and
characterize the data used as human (H) or ani ma
(A), arranged in order of predom nance. Finally,
t he adequacy of the data is noted, toxicity

i nformati on based primarily on acute or high
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| evel exposures (as opposed to chronic exposures
at |ower levels) is noted, and/or when the
evaluation is based on very little data.

Colum 16 - Comments: This section is provided in order to
record additional information, including the
rati onal e behind the recomended | evel,
limtations in the |level, or other comments by
t he source.
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ACUTE CHRONI C TOXT CI' TY WORKSHEET
FOR: SEVERITY FACTOR:
CAS CODE: MAOL:
DATE: SCORE:
OCCUPATIONAL LIMITS
NIOSH ACGIH
PRINCIPAL
ACTION
TOXICITY

1. HEALTH EFFECTS

SHORT-TIME EXPOSURE

LONG TERM EFFECTS

COMBINED SHORT AND LONG TERM EXPOSURES

SKIN

EYES

RESPIRATORY
TRACT

LIVER & KIDNEY

NERVOUS
SYSTEM

OTHER

CARCINOGEN
MUTAGEN

DEVELOPMENTAL
REPRODUCTIVE

DATA

LOWEST EFFECT
LEVEL REPORTED

ANIMAL OR HUMAN

COMMENTS

REFERENCES




Carci nogenicity

1. | nt roducti on

A carcinogen is defined in CHEM as any substance, or
conmbi nation or m xture of substances, which causes an
i ncreased incidence of benign and/or malignant primary
neopl asns, or a substantial decrease in the | atency period
bet ween exposure and onset of neoplasns in humans or in one
or nore experinental species. Also included is any
substance which is netabolized into one or nore carci nogens.
"Beni gn" neoplasns are included when they are observed in
conjunction with malignant |esions, when they are classified
as an earlier stage of malignancy, or when nalignancy cannot
be definitively ruled out (NCAB, 1977; USEPA, 1984e).
Met abolites are included in the definition so that
carci nogeni ¢ hazards can be fully addressed, including those
posed by co-carci nogens and pro-carcinogens (chem cals which
are activated in the netabolic process). Short-term
mut ageni city screeni ng assays are not utilized in the
assessnent of carcinogenicity since they are eval uated
separately in the nmutagenicity section.

As noted earlier, definitions have been devel oped to be
used within the context of CHEM However, it should be
enphasi zed that expert working groups (e.g., |ARC, EPA, NIP)
review the data submtted by qualified pathol ogists in order
to classify tunors. Since the Departnent is in no way
involved in this process, and instead relies on the
j udgenent of the pathol ogists or groups cited, tunors are
actually identified and classified according to the
expressed opi nions of the sources cited and not the
Departnent. Any areas of disagreenent or uncertainty anong
t he sources used are documented and referenced in CHEM
When new data becone avail abl e which have not yet been
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reviewed by |1 ARC, EPA-CAG or NIP, the Departnment wll
eval uate these on a case-by-case basis, as described in
sub-section 2 bel ow

The purpose of the carcinogenicity assessnment is to
eval uate the relative carcinogenic hazard or degree of
concern for carcinogenicity associated with a given
chemi cal, represented by a letter score (A-F, ND) for each
chem cal. \Wenever possible, direct human evidence is
utilized in the assessnent of carcinogenic hazard for
humans. However, concl usive human evi dence exists for very
few chem cals and when it does not exist, the scoring
nmet hodol ogy enpl oys a conbi nation of qualitative and
guantitative information from ani mal studies.

Qualitative information provides an indication of the
overall certainty that a chemcal is linked to a
carcinogeni c response. The Departnent generally relies on
information from | ARC, EPA, NTP, and others for such
j udgenents and the evidence is used to assign each chem cal
to a wei ght-of-evidence category as described below. The
wei ght - of - evi dence is used as a mmj or conmponent in scoring.

Quantitative informati on provides an estimation of the
magni tude of the risk which results fromexposure to a
chemcal. The risk is expressed as a unit risk val ue
representing the excess lifetinme cancer risk which results
from continuous lifetime human exposure to 1 ug/nt of a
chemcal. Unit risk values used have been cal cul ated by the
Department, by the Carcinogen Assessnment G oup (CAG of the
EPA, or by other agencies. The Departnent will rely
primarily on the CAG for quantitative assessnments and wil |l
revi ew ot her sources when available. Wen no unit risk
val ues are avail able from other sources, or the Departnent
does not agree with those val ues avail able, the Departnent
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will calculate the unit risk value. The nmethods used by the
Department to calculate unit risks are outlined bel ow and
described in detail in Appendix D

2. Dat a Sour ces

As indicated in Table I1-1, CHEMrelies primarily on
the foll owi ng data sources in evaluating carcinogenicity:

I ARC (I nternational Agency for Research on Cancer, Wrld
Heal th Organi zation) - "1 ARC Monographs on the Eval uation of
Carci nogenic Ri sk of Chem cals to Humans", published by the
Ad Hoc Working Goups - all volunes and supplenents. The
avai l abl e data (human and aninal) are revi ewed and

eval uated, and a wei ght-of-evidence category is assigned for
each chem cal by the Working G oup.

NTP (National Toxicology Program of the U S. Departnent

of Health and Human Services) - In July of 1981, the
Car ci nogenesi s Bi oassay Testing Program of the National
Cancer Institute (NCl) was transferred to the Nati onal
Institute of Environnmental Health Sciences (NIEHS). NTP
provi des detail ed reports of carcinogenicity bioassays in
experinmental animals.

CAG (Carcinogen Assessnment G oup, Ofice of Health and

Envi ronnent al Assessnent, O fice of Research and

Devel opnent, U.S. EPA) - The CAG assigns a

wei ght - of - evi dence classification to each chem cal from both
human and ani mal data, and cal culates unit risk values for
pur poses of cancer risk assessnent (Anderson, 1985). The
CAG serves as the primary source of unit risk values to the
Depart nent .
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O her o0 Quantitative and qualitative carcinogenicity
assessnments conducted by other EPA offices (e.g.,
O fice of Toxic Substances), other state agencies
(e.g., California DHS), or private parties (e.g., CGold
et al.) will be reviewed when they are avail abl e.

0o Primary science literature is reviewed and nmay be
used to assess carcinogenicity when data are

unavail able fromthe sources |isted above, or when new
evidence is published. Prinmary literature sources nay
be used in both the quantitative and qualitative
assessnments. In this case, the Departnent uses
established protocols to judge the validity and
reliability of the data and studies used. These

prot ocol s have been thoroughly described el sewhere
(USEPA, 1983a; USEPA, 1983b; USEPA, 1984e; USFDA, 1982;
| RLG, 1979; NITP, 1984; OSTP, 1984; C ayson et al.

1983; Feron et al., 1980; Mantel, 1980), and are
detailed in Appendi x D

3. Eval uati ng Carcinogenicity

In CHEM the eval uation of carcinogenic hazard invol ves
two conponents: the qualitative evidence that a given
chem cal substance is likely to be a human carci nogen, and
the quantitative evidence on the inherent potency of the
substance. The qualitative and quantitative data are
eval uat ed i ndependently, and then conbi ned to produce an
overall score indicating the degree of carcinogenic hazard
of the chem cal.

a. Qualitative Evidence

The eval uati on of carcinogenicity involves the review
of a wide array of data, including clinical, occupational,
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and epi dem ol ogi cal evidence, as well as bioassays in
experinmental aninmals. Conclusive evidence of
carcinogenicity fromhuman studies exists for only a few
chemi cals. Epidem ol ogy has been used for identifying
cancer distribution in exposed popul ations and for detecting
increases in the rates of conparatively rare tunor-types.
The | ack of concl usive epi dem ol ogi cal data denonstrating
carcinogenic effects of chem cal exposures to many chemi cal s
is aresult of the relative insensitivity of epidem ol ogi cal
nmet hods, the difficulty in elimnating confounding effects,
and the difficulty in identifying sufficiently |arge or

wel | -defined study popul ations (see part Il section A).
Nevert hel ess, increased cancer rates, and detection of
cancer incidence, even in snmall popul ations, are of great
concern to the regul atory agenci es responsi ble for
protecting public health. Until nore human studies are
avail abl e for chem cals of concern, the Departnment nmust rely
on estimations of carcinogenic hazard from ani mal dat a,
despite the uncertainties involved.

The use of aninmal data in the assessnent of human
carcinogenicity is widely considered to be a reasonabl e
approach. This interpretation is supported by experinental
evi dence and by various theories of cancer causation.

Al nost all known human carci nogens are al so carcinogenic in
ani mal s when adequately tested (Tomatis, 1979; | ARC, 1980)
and nost chem cals that are carcinogenic in one species are
carcinogenic in other species when adequately tested
(Tomatis et al., 1978; Purchase, 1980). The theories
regardi ng the nechani sns of chem cal carcinogenesis al so
woul d predict simlarities in the mechanisns in different
species (Cal DHS, 1985). In the assessnent of carcinogenic
hazard, the Departnent will adopt the I ARC position that "in
t he absence of adequate data in humans it is reasonable, for
practical purposes, to regard chemcals for which there is
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sufficient evidence of carcinogenicity in animals as if they
presented a carcinogenic risk for humans” (1ARC, 1979).

Interpretation of aninmal carcinogenicity tests requires
a series of sinplifying assunptions. Toxicological data on
i nterspecies differences in absorption, netabolism
di stribution, and excretion are rarely avail able, and are
still subject to variations with age, sex, health,
individual traits, etc. In addition, carcinogenicity
testing is carried out using various routes of exposure,
often feed or gavage. Wether and how nechani sns or effects
may be influenced by differences in route of exposure, and
the "first pass" effect is usually uncertain. The task
woul d be less formdable if, as a result of an ani nal
bi oassay, chemi cals could be neatly categorized as either
carci nogens or non-carcinogens in humans. Unfortunately,
this is not the case, and the potential for carcinogenicity
is assuned on the basis of positive results in animals. The
Department therefore takes the position that, for
qualitative interpretation of animal studies, it is
reasonabl e to assune that route-to-route, speci es-to-species,
and hi gh-dose to | ow dose extrapol ations are valid. The use
of these assunptions in the quantitative dose-response
assessnment of carcinogens is discussed in detail in Appendi X
D

CHEM uses wei ght - of - evi dence categori es adapted from
the EPA (EPA, 1986). Human and ani mal data are eval uated
i ndependently and classified as follows: Sufficient,
Limted, Inadequate, No Data, or No Evidence. The criteria
for each classification of human and ani nal data are shown

in Table 11-6. The overall weight-of-evidence for human
carcinogenicity is then based on the conbination of the
human and ani mal dat a. The criteria for classification are
listed in Table Il-7a. Table Il-7b provides the sane
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TABLE I'1-6. VEI GHT- OF- EVI. DENCE CRI TERI A FOR HUVAN
AND ANl VAL DATA

Cat egory

|Description of Evidence

Human Evi dence
Suf fici ent

Limted

| nadequat e

No Dat a

No Evi dence

Ani mal Evi dence

Suffici ent

evi dence indicates a causal
relati onship between- the
agent and human cancer

evi dence indicates that a causal
relationship is credible, but
that alternative expl anations,
such as chance, bias, or

conf oundi ng coul d not be
adequat el y excl uded.

(a) there were few pertinent
data, or (b) the avail able
studi es, while show ng

evi dence of association, did
not exclude chance, bias, or
confoundi ng and therefore a
causal interpretation is not
credi bl e.

data are not avail abl e.

no associ ati on between exposure
and an increased risk of cancer
in well designed and wel |
conduct ed i ndependent anal yti cal
epi dem ol ogi cal studies.

i ndicates that there is an

i ncreased incidence of nalignant
tunors: (a) in multiple species
or strains; or (b) in nmultiple
experinents (e.g., with different
routes of admnistration or using
different dose levels); or (c) to
an unusual degree in a single
experinent with regard to high

i nci dence, unusual site or type
of tunor, or early age at onset.

conti nued




TABLE I1-6. WEI GHT- OF- EVI DENCE CRI TERI A FOR HUVMAN AND ANI MAL
DATA, continued

Cat egory Description of Evidence

Ani mal Evi dence(cont.)

Limted the data suggest a carcinogenic
effect, but are limted because:
(a) the studies involve a single
species, strain, or experinent
and do not neet criteria for
sufficient evidence; (b) the
experinments are restricted by
i nadequat e dosage | evel s, inadequate
duration of exposure- to the agent,
i nadequat e period of follow up, poor
survival, too few animals, or
i nadequate reporting; or (c) an
increase in the incidence of benign
tunors only.

| nadequat e i ndi cates that because of nmmjor
qualitative or quantitative
limtations, the studies cannot be
interpreted as show ng either the
presence or absence of carcinogenic

effect.
No Dat a data are not avail abl e.
No Evi dence there is no increased incidence of

neopl asns in at |east two
wel | - desi gned and wel | - conduct ed
ani mal studies indifferent species.




TABLE I1-7a. CATEGORI ZATI ON OF OVERALL WEI GHT- OF-
EVI DENCE FOR HUMAN CARClI NOGENI CI TY
(ADAPTED FROM EPA, 1986)

Cat egory

Description of Evidence

G oup A -
Car ci nogen

Human

sufficient evidence from epi dem ol ogi ca
studies to support a causal association
bet ween exposure to the agent and cancer
(Sufficient Human Evi dence)

Group B - Probabl e Human
Car ci nogen
Bl limted human evi dence and any ani mal
evi dence
B2 sufficient ani mal evidence and no or
i nadequat e human evi dence
Goup C - Possible Human |linmited ani mal evi dence and no or

Car ci nogen

i nadequat e human evi dence

Group D-Not Cl assifiable
as to Human

Car ci nogen

icity

i nadequat e ani mal and hurman dat a

Group E - Inconclusive Avai | abl e evi dence cannot be cl assified
as clearly showi ng the absence or
presence of a carcinogenic effect
because of mgjor limtations in
qualitative and quantitative data.
However, the quantitative data are
sufficient to estinmate the upper bound
of potency at the 95% confidence |imt.

Group F - Non-positive adequat e evi dence suggesting | ack of
carcinogenicity from human and ani ma
st udi es

No Dat a Cheni cal has not been tested, no data

avai | abl e




TABLE I1-7b. CHEM ASSI GNVENT OF SUBSTANCES TO CARCI NOGENI CI TY CATEGORY BASED ON
VAEI GHT- OF- EVI DENCE FROM HUMAN AND ANI MAL STUDI ES

Vi ght of Ani nal Vi ght of Human Evi dence
Evi dence Suf fi ci ent Limted | nadequat e I nconcl usi ve Nonposi tive No Dat a
Suf ficient Goup A G oup Bl G oup B2 G oup B2 G oup B2 G oup B2
Limted Goup A Group Bl Goup C Goup C Goup C Goup C
| nadequat e Goup A Group Bl Goup D Goup D Goup D Goup D
I nconcl usi ve Goup A Group Bl Goup E Goup E Goup E Goup E
Nonpositive Goup A *Goup Bl *Goup Dor F*Goup Dor E Goup F *Goup D or
or B2 F
No Dat a Goup A G oup Bl Goup D *Goup Dor E *Goup Dor F ND

* = case-by-case assessnent required




information in a matrix, using all possible conbinations of
human and ani nal evi dence. The CHEM wei ght - of - evi dence
categories are consistent with these adopted by the
Massachusetts Departnent of Public Health, Draft Carcinogen
Pol i cy, 1988.

Human evi dence is accorded the greatest "weight" in
this system so that chem cals with positive human evi dence
of carcinogenicity rank higher than those with only ani nal
evidence. Chemicals with Sufficient human evi dence are
classified in Goup A - Carcinogenic to Humans. Likew se,
positive results in two or nore species of experinental
animals are given nore weight than positive results in only
one species. Chem cals causing cancer in tw ani mal species
(Sufficient animal evidence) are classified in Goup B -
Probabl e Human Car ci nogen, while positive results in only a
si ngl e ani mal species w thout human evidence (Limted ani nmal
evi dence) place the chemical in Goup C - Possible Human
Carci nogen. The EPA wei ght-of-evidence classification is
described in detail in the EPA Guidelines for Carcinogen
Ri sk Assessnent (EPA, 1986). CHEM wei ght- of -evi dence
categories differ fromthe EPA in that CHEM di stingui shes
one additional category - Goup E - "lInconclusive".

I nconcl usi ve evidence refers to studi es which suggest a
carcinogenic effect but have major qualitative or
guantitative limtations and cannot be clearly interpreted.
In these cases it may be possible to conpute an upper
bound unit risk for scoring purposes, but the data cannot be
interpreted as clearly showi ng a carcinogic response. Wen
the data are so limted that no upper bound can be
cal cul ated, the chemcal is categorized as G oup D - Not
Classifiable as to Human Carcinogenicity. This is the only
di stinction between Goup D ("Not Classifiable") and Goup E
("I'nconclusive"). This category, useful for informational

pur poses, provides an estimte that the potency of the

86



chemcal is |less than sone val ue. A case in point is the
bi oassay for 1,1,1-trichloroethane (NCI, 1977). Because of
high nortality fromchronic nurine pneunonia, the increased
i nci dence of tunors in exposed versus control aninmals |acked
statistical significance. Thus, NTP considered the results
insufficient for assessing the carcinogenic potential of

1,1, 1-trichl oroet hane, because the shortened |ifespan may
have prevented the animals from devel opi ng tunors (NCl

1977) .

b. Quantitative Evidence

In addition to describing how likely it is that a
substance wi |l cause hunman cancer, it is inmportant to
estimate the nmagnitude of that effect. Thus CHEM
suppl ements the qualitative assessnent with a quantitative
assessnent of carcinogenic risk. The result of a
guantitative dose-response assessnent is a neasure of the
carci nogeni c potency or unit risk. The potency is the slope
of the dose-response curve (at | ow doses) and the unit risk
is the estimate of the risk due to a defined |evel of
exposure. Carcinogenic potency and unit risk values are
obt ai ned fromthe CAG whenever they are avail able, or are
obtained from other sources, or are calculated by the
Department using data from NTP bi oassays or fromthe primary
literature. The unit risk values obtained from CAG or
derived from NTP data express the lifetime excess cancer
ri sk for humans exposed continuously for a lifetine to 1
ug/ n? of the chemical in air. Unit risk estimates are then
categorized into broad groupings established by the
Departnent for scoring purposes. The groupings are
anal ogous to very high, high, noderate, and | ow carcinogenic
potencies. The ranges of unit risk values established for
scoring are:
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Unit Ri sk Range Pot ency

o 10° < unit risk Very High
o 10* < wunit risk <10 Hi gh

o 10° < unit risk <10 Moder at e
0 unit risk <10° Low

The Departnent will rely to the greatest extent
possi bl e on the quantitative carcinogenicity assessnents
publ i shed by the EPA-CAG  However, the CAG has perfornmed
this analysis for only 55 chemicals to date. The nunber of
chem cals for which there are dose-response assessnents
avai lable from CAGis snall conpared with the nunber of
chem cals for which there are adequate data avail able for
cal cul ati on of carcinogenic potency. In order to fulfil
its objective of using the nost current data for health
ef fects assessnent, the Departnment has devel oped a procedure
for quantitative dose-response assessnent. This procedure
is described in detail in Appendix D.

The Departnent’'s procedure was designed to be
consistent wwth the need to performassessnents in a tinely
manner and to be consistent with the best avail able current
scientific thinking on the subject. The guidelines
publ i shed by the EPA (1986) and the California Departnent of
Heal th Services (1985) served as the basis of the
Departnment's procedure.

The cal cul ati on of cancer unit risk values is a conpl ex
procedure and requires a | arge nunber of individual
deci sions and cal cul ati ons. The discussion in Appendix Dis
intended to specify the exact nethods that are used by the
Departnment for quantitative dose-response assessnent. The
rationale and intent on which these procedures are based are
al so described in the Appendi x. The procedures are outlined
very briefly here and the reader is referred to Appendi x D
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for further information. The Departnent will generally rely
on studies fromthe NTP carcinogenesis bioassay program but
may use other primary sources if necessary.

In order to conpensate for the necessarily small study
size of experinental animal tests, and thus to provide nore
adequate statistical power, experinental doses are generally
i ncreased by many orders of magnitude over anticipated human
exposure levels, usually as close as possible to the
animal s maxi numtol erated dose (MID). Since it is not
possible to directly measure carcinogenic response at very
| ow doses, either in animal experinents or in
epi dem ol ogi cal studies, a nunber of mathematical nodels
have been devel oped to extrapolate from high dose to | ow
dose exposures. A nmgjor limtation in these nodels is the
fact that their assunptions cannot be tested directly in
animals or humans. Different nodels |ead to estimates of
risk at | ow doses which may differ by several orders of
magni tude, even though they fit the experinental data
equal ly well (NCAB, 1983a). The nodel selected is therefore
of great significance, both froma scientific and froma
regul atory standpoi nt.

Unfortunately, data pertaining to nmechani sns of action,
phar macoki neti cs, and other biological dynamcs are rarely
avai lable. Until the mechani sns of carcinogenesis are
better understood, no single nodel can be identified which
will be appropriate in all cases, and the regul ator nust
therefore make a judgnment on the basis of the best avail able
data and current scientific opinion.

The linearized nultistage nodel is consistent with sone
epi dem ol ogi cal data, animal studies, and in vitro studies
of neoplastic transformation of cells (USEPA, 1980a), and is
the nodel currently used by EPA. The unit risk is
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cal cul ated using the linearized nultistage nodel. This
nodel incorporates the assunptions of no threshold and
l[inearity at | ow doses. Experinmental doses are scaled to
humans based on surface area. The dose cal cul ati on assunes
that direct route-to-route, species-to-species, and

hi gh-dose to | ow dose extrapol ation are valid in nost cases.
Dose-response assessnents will be done for tunor sites which
show a statistically significant increase in nmalignant (or
conbi ned mal i gnant and benign) tunors, preferably in studies
enploying at |east two dosed groups. Selection of the nost
appropriate site for dose-response assessnent when there is
nore than one significant site is based on the criteria
provided in Appendix D. Wen a chemcal is in

wei ght - of - evi dence category G oup C - Possi bl e Human

Carci nogen, the adequacy of the data for dose-response
assessnment will also be judged on the basis of the criteria
di scussed in Appendix D. Were the data produced are judged
to be inadequate for dose-response assessnent, the unit risk
value will be used for scoring but will not be used for
guantitative risk assessnent. This neans that bioassay data
exist (e.g., ethyl acrylate), and it is mathematically
possible to conpute a unit risk value, but the data are
consi dered toxicologically inadequate to derive AALSs.

The procedure outlined above will serve as a standard
approach to dose-response assessnent. An expanded
assessnment may be performed which could include use of a
di fferent nodel, use of studies fromprimary literature, or
anal ysi s using pharnacokinetic data to define route-,
speci es-, or dose-related effects on carcinogenic potency.
An expanded assessnent involves a nore thorough use of the
primary literature and will be done in cases in which data
are avail able and the Departnent decides that this
information is necessary and sufficient.
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4. Scoring for Carcinogenicity

Experimental data indicate that carcinogens vary w dely
in potency. CAG devel oped a potency index for 53 suspect
human car ci nogens, denonstrating potency val ues rangi ng over
10 orders of nagnitude (USEPA, 1984a). Table I1-8 shows the
unit risk values calculated by EPA for 20 sel ected
conmpounds, ranging over eight orders of magnitude. A
simlar range was found in a second study on the relative
pot ency of 10 carcinogeni ¢ substances, indicating a potency
range of 10 orders of nmagnitude for chem cals tested by NTP
(Zei se, 1984). Because of such variability, a relative
potency estimation is used in the nethodol ogy to conpare the
potential cancer risks associated with chronic exposure to
identified carcinogens (NCAB, 1983b; NAS, 1983). However,
rat her than assigning a specific unit risk to a specific
score value, ranges of unit risk are used and scores are
nodi fied on the basis of weight-of-evidence.

Table I1-9 presents the way in which wei ght-of-evidence
and unit risk are conbined to produce an overall score for
carcinogenicity. 1t should be noted that the scoring
procedure di stingui shes between positive data (letter codes
A, B, C, and D) and equivocal, non-positive, or inadequate
data (E, F, and ND). As shown in Table I1-9, the final
score for carcinogenicity incorporates both the quantitative
and qualitative data, but attaches greater significance to
the qualitative evidence. Thus, the weight-of-evidence
determ nes the m ni num score.

For exanple, a chemcal classified as a "Probable Human
Car ci nogen" cannot receive a score |lower than 'C
regardl ess of the unit risk value. This neans that when
there is compelling evidence of carcinogenicity in animals,
human exposure to the chem cal warrants concern even if
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TABLE 11 -8.

UPPER- BOUND UNI T RI SK CALCULATI ONS

FOR TVENTY SUSPECTED CARCI NOGENI C Al R

POLLUTANTS*

Chem cal

Acrylonitrile

Al'lyl Chloride

Arsenic

Benzene

Beryl lium

Di et hyl ni t rosam ne (DEN)

Di net hyl ni trosani ne ( DWN)
Dioxin (2,3,7,8-Tetrachl oro-)
Et hyl ene Di brom de

Et hyl ene Di chl ori de

Et hyl ene Oxi de

For mal dehyde

Manganese

Ni ckel

N-Ni t roso- N-Et hyl urea ( NEU)
N-Ni t roso- N- Met hyl urea ( NRU)
Per chl or oet hyl ene

Tri chl or oet hyl ene

Vinyl Chloride

Vi nyl i dene Chl ori de

Upper - Bound Unit Ri sk
Esti mat es**
6.8 x 10°
5.5 x 108
3.4 x 103
8.1 x 10°°
2.4 x 103
1.6 x 1072
5.4 x 103
1
2.7 x 10*
2.6 x 10°°
1.8 x 104
1.3 x 10°
3.5 x 10°*
1.8 x 1073
1.2 x 1072
6.7 x 101
4.8 x 107
1.3 x 10°°
2.6 x 10°°
5.0 x 10°

From U. S. Environnental Protection Agency, Carcinogen

Assessnent Group Reports (EPA 1976-1986).

These cal cul ations are

periodically revised as new data becone avail abl e.

Unit risk is excess lifetine risk associated with breathing 1

ug/ m* of the chemical in air over

per son.

a 70-year life-span for a 70 kg



TABLE 11-9. SCORI NG MATRI X FOR CARCI NOGENI CI TY

Wei ght - of Evi dence Unit Ri sk (UR CHEM Letter
Cat egory Estimate Code Score
Human Carci nogen ( EPA Any A
G oup A
Probabl e Human Car ci nogen UR>1 x 10°*

(EPA Group Bl or Goup B2)

Possi bl e Human Car ci nogen
(EPA G‘OUp C) UR > 1 X 10—3

Probabl e Human Car ci nogen 1x10°* > UR B
(EPA Group Bl)

Probabl e Human Carci nogen 1x10™* > UR > 1 x10°°
(EPA Goup B2)

Possi bl e Human Car ci nogen 1x10® > UR > 1x10°*
(EPA Goup O

Probabl e Human Car ci nogen 1x10°° > UR C
(EPA G oup B2)

Possi bl e Human Car ci nogen 1x10* > UR > 1x10°°®
(EPA G oup Q)

Possi bl e Human Car ci nogen 1x10°® > UR D
(EPA G oup Q)

I nconcl usive (Group E) Not used for scoring E
Non- Positive (Group F) Not used for scoring F
| nadequat e or No data Not avail abl e ND

(EPA G oup D)

1. As described in Tables I1-6 and I1-7a. Letters in parentheses indicate the EPA
| etter designation of the weight-of-evidence group. Letters designating EPA wei ght
of - evi dence shoul d NOT be confused with letters designating CHEM score shown in the
| ast col um.



pot ency appears to be low. Likew se, when a chemcal is
classified as a "Human Carci nogen”, no consideration is
given to potency and the chem cal receives a score of 'A .
The scoring systemis set up in such a way that the fina
score is conceptually anal ogous to an arithnetic product of
qgqual itative wei ght-of-evidence for carcinogenicity, and a
quantitative risk value. The scoring systemrepresents a
m xture of two possi bl e approaches to assessi ng carci nogens;
one whi ch enphasi zes those chem cal s which are associ ated
wi t h higher cancer risk, and the other which ranks highest
those nost likely to produce cancer in humans. By using
this conbi ned approach it is ensured that a chem cal which
appears hazardous on either count (potency or

wei ght - of - evi dence) is not m ssed.

Thus, as the evidence of carcinogenicity weakens, a

hi gher unit risk value is required for any given score. For
exanpl e, a substance which is a Probabl e Human Carci nogen
requi res a potency value corresponding to a unit risk of
10% to 10°® to receive a score of 'B'. In order to receive
t he sane score of 'B' a substance considered a Possible
Human Carci nogen needs a unit risk value of 10°% or greater.
Thi s provi des a reasonabl e bal ance between qualitative and
guantitative evidence, while providing that a | ess studied
chemcal will not be overlooked if it has high potency. |If
guantitative data are unavail able, scoring is based on
wei ght - of - evi dence al one, signified by an asterisk (*)
foll owi ng the score.

It should be noted that the EPA uses letters to
desi gnat e wei ght - of - evi dence cat egories such that Goup A
refers to Human Carci nogens, Goup B refers to Probable
Human Carci nogens, G oup C refers to Possible Human
Carci nogen, etc. (see Table Il-7a). The EPA
wei ght - of - evi dence categories are often referred to by
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| etter designations alone. These should not be confused
with the letter scores in CHEM (e.g., EPA

wei ght - of - evi dence "Group B" versus CHEM score "B'). In
order to avoid confusion, the Departnent will refer to the
wei ght - of - evi dence cl assification by the full title, e.g.,
Probabl e Human Car ci nogen, Possi bl e Human Carci nogen, etc.

5. Results and Di scussi on

Results of the assessnment and ranking of the 105
eval uat ed substances are shown in Table I1I-10. The
carcinogenicity scores represent overall carcinogenic hazard
and can be useful for relative ranking of substances. O
t hose 105 substances, 53 are classified as "No Data". The
remai ning 52 are stratified as follows: 3F, 3E 0D, 11C
23B and 12A. Thus, anong chemicals with at |east sone
positive evidence of carcinogenicity, score B, which could
be described as noderately high in hazard, is nost commonly
represented. No practical distinction is nmade between
i ndi vi dual substances within each category. Instead the
relatively greater hazard of one group over the other is
enphasi zed.

An inportant feature of this systemis its utilization
of the full range of available data, and its inclusion of
both qualitative and quantitative aspects of assessnent.
Further, the system highlights the uncertainty inherent in
eval uating the carcinogenicity of substances. No attenpt is
made to establish separate categories of carcinogens and
"noncar ci nogens”. Rather, the enphasis is on utilizing and
organi zing all the available information into hazard
categories A through F without overenphasizing either the
quantitative or qualitative conponents of risk assessnent.
The information obtained through the carcinogenicity
assessnent is inportant, because the data generated wll be
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TABLE 11-10.

RESULTS OF SCORI NG FOR CARCI NOGENI CI TY

CHEM CAL VEEI GHT OF UNI T RI SK°
NANVE EVI DENCE? (ua/ md) -t  SCORES

Acet al dehyde Pr obabl e (B2) 2.2 x 10°° B
Acet one No Data  --------- ND
Acrylonitrile Human Carcinogen 6.8 x 10° A
Anmoni a No Dat a ND
Ani | i ne Possi bl e 7.09 x 10° C
Asbest os Human Carcinogen 7.6 x 103 A
Benzene Human Carcinogen 8.1 x 10° A
Benzyl Chloride Possi bl e N. A® C*
Beryl |ium Probabl e (B2) 2.4 x 103 A
1, 3- But adi ene Probabl e (B2) 2.9 x 10°* A
n- Butyl Al cohol No Dat a ND
Cadmi um Probabl e (Bl) 1.8 x 10°3 A
Cal ci um Chr omat e Human Carcinogen 1:2 x 102 A
Car bon Tetrachl oride Probable (B2) 1.5 x 10° B
Chl or dane Probabl e (B2) 3.7 x 10° B
Chl ori ne No Dat a ND
Chl or obenzene Possi bl e (5.4 x 1099 C
Chl or oet hane No Dat a ND
Chl or of orm Probabl e (B2) 2.4 x 10° B
Chl or opr ene I nadequat e ND
Chromic Acid Probabl e (B1) 1.2 x 102 A
Chrom um (netal) I nadequat e ND
Chrom um (V1)
Conpounds Human Carcinogen 1.2 x 102 A
p- Cresol No Dat a ND
Cycl ohexane No Dat a ND
o- Di chl or obenzene Non Positive F
p- Di chl or obenzene Pr obabl e (B2) 5.7 x 10°° B
1, 2- Di chl or oet hane Probabl e (B2) 2.6 x 10°° B
1, 2-Di chl oroet hyl ene No Dat a ND
Di chl or onet hane Pr obabl e (B2) 4.09 x 10° B
1, 2-Di chl oropropane  Possi bl e 1.9 x 10° C
Di et hyl ani ne No Dat a ND
D (2-ethyl hexyl) -

pt hal at e Pr obabl e (B2) 1.3 x 10°° B
Di et hyl f or mani de No Dat a ND
1, 4- Di oxane Pr obabl e (B2) 4.11 x 10°® B
Di phenyl (bi phenyl) | nadequat e ND
Di phenyl am ne | nadequat e ND
Epi chl or ohydrin Pr obabl e (B2) 1.2 x 10°° B
Et hanol No Dat a ND
Et hyl Acetate No Dat a ND
Et hyl Acrylate Probabl e (B2) N. A ¢ B*
Et hyl Benzene No Dat a ND
Et hyl ene d ycol No Dat a ND
Et hyl Et her No Dat a ND
Fl uori de | nadequat e ND
For mal dehyde Probabl e (B1) 1.3 x 10° B
Hept achl or Probabl e (B2) 1.3 x 1073 A

conti nued




TABLE 11-10.

RESULTS OF SCORI NG FOR CARCI NOGENI CI TY

conti nued

CHEM CAL VEI GHT OF UNI T RISKP
NAME EVI DENCE® (va/nf) SCORE*®
Hexachl orocyclo- -~

pent adi ene No Data ~ ---------- ND
Hexachl or oet hane Possi bl e 4.0 x 10°° C
Hexachl or ophene | nadequate @ ---------- ND
2- Hexanone No Data  ---------- ND
Hydr azi ne Probabl e (B2) N. A ¢ B*
Hydrogen Chl ori de No Data ~  ---------- ND
Hydr ogen Fl uori de No Data ~  ---------- ND
Hydr ogen Sul fi de No Data  ---------- ND
| soanyl Acetate No Data ~ ---------- ND
| sobutyl Acetate No Data  ---------- ND
I sobutyl Al cohol No Data ~ ---------- ND
| sopropyl Acetate No Data  ---------- ND
Lead | nadequate ~  ---------- ND
Lead Subacetate Probable (B2) NA° B*
Li ndane Possi bl e 3.8 x 10°* B
Mal ei ¢ Anhydri de No Data ~  ---------- ND
Met hanol No Data ~ ---------- ND
2- Met hoxy- et hanol | nadequate ~  ---------- ND
Met hyl Acrylate No Data ~  ---------- ND
Met hyl Brom de | nadequate ---------- ND
Met hyl ethyl ketone |nadequate ~  ---------- ND
Met hyl isobutyl e

ket one | nadequate ~  ---------- ND
Met hyl Met hacrylate Non-Positive — ---------- F
M rex Pr obabl e (B2) N. A ¢ B*
Napht hal ene | nadequate ---------- ND
Ni ckel Possi bl e N. A ¢ (o
Ni ckel Oxide Probable (Bl) N A ° B*
Ni t r obenzene No Data = ---------- ND
Pent achl or ophenol | nadequate @ ---------- ND
Phenol I nconclusive  ---------- E
Phosphoric Acid No Data ~  ---------- ND
Pht hal i ¢ Anhydri de I nconclusive  ---------- E
PCBs Probable (B2) 2.2 x 10 A
Propyl Al cohol No Data  ---------- ND
Propyl ene Oxi de Probable (B2) 6.63 x 10’ C
Resor ci noi No Data  ---------- ND
Sel eni um | nadequate @ ---------- ND
Sel eni um Sul fi de Probable (B2) 2.02 x 10° B
St yrene Probable (B2) 5.7 x 107 C
Sul furic Acid No Data ~ ---------- ND
1,1,2,2-Tetra-  eeeeeeaa--

chloro-1,2-di- eeeeeaaaa-

f1 uoroet hane No Data  ---------- ND
1,1,2,2-Tetra-  eeeeeeaa--

chl or oet hane Possi bl e 5.8 x 10° C
Tetrachl oroet hyl ene Probabl e (B2) 5.52 x 10° B
Tet r ahydr of ur an No Data = ---------- ND




b. Excess lifetinme cancer risk fromcontinuous lifetine

TABLE 11-10. RESULTS OF SCORI NG FOR CARCI NOGENI CI TY,
continued . . .
CHEM CAL  WEI GHT OF UNI T RI SK®
NAME EVI DENCE? (ug/ nt) SCORE®
Tol uene No Dat a ND
Tol uene
cyanate Probabl e (B2) 6.79 x 10°° B
0- Probabl e (B2) 5.72 x 10°° B
1,1,1-
et hane I nconcl usi ve E
1,1, 2-
et hane Possi bl e 1.6 x 10° C
Tri chl oroe Probabl e (B2) 1.63 x 10°° B
2,4, 6-
phenol Probabl e (B2) 6.2 x 10°° B
Tri et hyl am No Dat a ND
Vanadi um No Dat a ND
Vanadi um No Dat a ND
Vi nyl | nadequat e 2.6 x 10°° ND
Vi nyl Human Car ci nogen A
Vi nyl i dene Possi bl e 5.0 x 10 C
Xyl enes Non- Posi tive F
a. As defined in Tables I1-6. and Il-7a.

exposure to 1 ug/mof the chemical in air

c. As derived using Table I1-9. Asterisk (*) next to
score indicates quantitative data not available to

the Department.

d. Unit R sk Value used for scoring only and not used
for quantitative risk assessnent

e. Quantitative data not available to the Departnent

(see Appendi x E).




used in deriving allowable anmbient limts.

6. Summary

CHEM relies primarily on data and assessnents published
by I ARC, NTP, and CAG to evaluate carcinogenicity.
Experimental ani mal bi oassays provide the majority of data,
al t hough human evi dence is incorporated wherever possible.

CHEM utilizes both qualitative and quantitative

evi dence to assess carcinogenicity, and scoring is therefore
based on wei ght-of-evidence as well as unit risk
estimations, when avail able. Weight-of-evidence categories
have been adapted fromthe EPA classification schenme, and
unit risk is calculated using NTP data or obtained from CAG
Combi ni ng wei ght - of - evi dence with potency val ues provides
several advantages: The scoring procedure permts relative
ranki ng of all chemicals along a conti nuumranging in

evi dence from conclusive data to no data and from higher to
| oner potency, based on anobunt and quality of data
avai l abl e, as well as magnitude of effect. |In this way the
procedure avoi ds discardi ng val uabl e data by incorporating
both qualitative and quantitative evidence. Thus, the

met hodol ogy provides a consistent mechani smfor eval uating
various types and anounts of data, bal ancing qualitative and
guantitative evidence in a way which maxi m zes the

useful ness of each.
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8. Car ci nogeni city Wrksheet

The purpose of the carcinogenicity worksheets is to
record the qualitative and quantitative data reported by
| ARC, NTP, CAG and other sources, which are used for
scoring carcinogenicity. The first page is a summary of the
qualitative and quantitative results. The second page is
used to record assi gned wei ght-of -evidence categories and
qualitative results of carcinogenicity studies. The third
t hrough the sixth pages are used to record the quantitative
data supplied by NTP, CAG and other sources, and to
cal cul ate unit risks.

Page 1 - Non-Threshold Effects Sunmary

Thi s page sunmarizes the qualitative and quantitative
information. This information is sumarized fromthe
foll ow ng worksheets and there will be one copy of this page
per chemical. At the top of the page the chem cal nane, CAS
code, and nol ecul ar wei ght are recorded. The follow ng
information is al so recorded:

CHEM wei ght of evidence - wei ght-of-evidence classification

for carcinogenicity and nutagenicity.

Score - The final letter score for carcinogenicity and
nmut ageni city from CHEM are recorded.

SAR - The result of the structure activity relationship

analysis is recorded: positive (+) or non-positive (-).
See Appendi x H.

Unit Risk - Inthis space, a "yes" or "no" indicates whether
the calculated unit risk value will be used for regulatory

101



purposes. A "no" indicates that the unit risk, if any, is
used only for scoring while a "yes" indicates that the unit
risk value will be used for quantitative risk assessnent
(See appendi x D for procedures and rational e used).

Unit Risk Value - Under unit risk value the cal culated unit

ri sk value and the source of that value is recorded.

CAG - The unit risk value obtained from CAG and t he

references are recorded.

DEP - The unit risk value calculated by the DEP and the
reference (source) for the study used are recorded.
| nformati on on pharnacoki neti c and netabol i sm data
(pk/met) used in deriving the unit risk value is also

recorded here.

QO her - Any unit risk value from other sources that have
been reviewed by DEP are recorded.

Rationale - Wen nore than one unit risk value is
avai l able, a single value is selected for use and the

rationale for this choice is recorded.

Page 2 - Qualitative Evidence Summary

On this page, the information reviewed by the DEP in
making it's qualitative assessnent of carcinogenicity is
recorded. There is one copy of this page per chem cal.

| ARC. Weight-of-evidence classification for human and

ani mal evidence are provided. The evidence is ranked
by 1 ARC as fol |l ows:
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Sufficient evidence of carcinogenicity

—
I

Limted evidence of carcinogenicity

| nadequat e evi dence

Details of study results and eval uations by | ARC
sumari zed under the "Comments" heading. The reference
to the | ARC docunentation is recorded for source.

NTP: Bioassay results in male (M and female (F) rats and
m ce (or other species) are recorded as positive (+),
non-positive (-), or equivocal (?). Additional details
are provided under the "Coments" headi ng.

The source of the information is recorded and any
current activity in the NTP is recorded based on a
recent copy of the NTP Quarterly Managenent Status
Report.

CAG Wi ght-of -evidence cl assification and species in which
results were observed are recorded.

O her: | nformati on from sources ot her than those |isted
above i s recorded here.

Page 3 - Potency Val ue Sel ection

Thi s page records the selection of the DEP carcinogenic
pot ency val ue when there are nore than one tunor site or
study anal yzed by the DEP. The criteria for this selection
are discussed in Appendix D. The following information is
recor ded:

- Chem cal nane and CAS code

- the final potency value and unit risk val ue
- the citation for the study used

- t he species and sex of the ani mal used
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- the route of adm nistration

- survival effects - were there significant dose-rel ated
effects on survival (non tunor-related)

- i nci dence adjusted - was the incidence adjusted for
early nortality

- wei ght effects - were there significant dose-rel ated
effects on body wei ght

- MID comment - was the high dose close to the the MID

- g1+ - the 95% upper confidence limt on the |inear term
fromthe nultistage node

- LLE - the factor used to adjust the potency due to |ess
than lifetime exposure is recorded

- final qi+ - the adjusted potency is recorded

- the site and type of tunor is recorded

- the concurrent and historical (if avail able) background
tunmor incidence at the site selected are recorded

- t he occurrence of nonneopl astic pathol ogy of the site
selected is briefly described based on the information
provided in the bioassay report

Rationale for site and study selection. The reasons
for selection of the site and study used to estinmate the
carci nogeni c potency are recorded. The criteria for this
deci sion are discussed in Appendi x D.

Pages 4, 5 and 6

These pages record pertinent information used for
anal ysis of the carcinogenicity bioassay. There wll be one
copy of each of these pages for each study used by DEP to
cal cul ate carcinogenic potency. The information recorded is
descri bed bel ow.
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Page 4 - Bi oassay Summary Sheet

Chem cal nanme and CAS code, grade of chem cal and
identified inpurities, route of exposure and the reference
for the study are recorded. For each species and sex, the
adm ni stered dose and the adjusted dose (from worksheet page
6) are recorded. Information about the average body wei ght
at 60 weeks of age and at the end of the study, and survival
at the end of the exposure period are recorded. It is noted
whet her the authors report a significant effect on either
body wei ght or survival.

Exposure information is recorded for use in cal culation
of adjusted dose. |If there are any tunor sites which were
statistically significantly increased but were not
considered to be biologically significant by the authors,

(or biologically significant but not statistically
significant) they are recorded with the authors' reasons for
their interpretation. Finally, any nonneopl astic pathol ogy
at the sites of increased tunors is recorded as reported by
t he aut hors.

Page 5 - Bioassay Results

For each site with significantly increased tunors, the
following information is recorded:

Speci es - species and strain of aninal

Sex - male and/or femal e aninal

Site - organs where tunors occurred

Tunor - histogenic tunor types as reported

Statistics - results of statistical analysis perforned
by the authors

NTP result - for NTP studies - the category assigned by
NTP
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I nci dence - tunor incidences in Control, Low, Medium
and Hi gh dose groups

M stage - nodel paraneters fromthe nultistage node
fit to the incidences listed here and the adjusted

doses from Page 6.

Page 6 - Dose Adjustnent

Thi s page shows the cal culation of the adjusted dose
fromthe adm ni stered dose or adm ni stered exposure
concentration. The details of this calculation are
di scussed in Appendi x D, Section F, and the Appendi x shoul d
be consulted for a description of the ternms used on the

wor ksheet .
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Non Threshold Effects Summary

Chemical CAS# M.W.
CHEM: weight-of-evidence — Carcinogen Score
SAR:  Mutagen Score
Unit risk value Y/N
Unit risk value
CAG: Unit Risk
Source
DEQE: Unit risk
Source
pk/met data used?
Other:

Rationale for selection of unit risk value:




IARC

NTP

Qualitative Evidence Summary

Human

Comment:

Source:

Comment:

Source:

Current activity:

EPA Group Animal
Comment:

Source:

Other:

Animal

Human




Potency Vaue Selection

Chemical CAG
Potency value
Source: reference
species sex
route

survival effects

weight effects
MTD comment:

go gl gl* LLE fina g1

site/tumor dose response

background incidence

non neoplastic pathol

Rationale for site selection:

Rationale for study selection:



BIOASSAY SUMMARY SHEET

Chemical
Route
Source CAS#
Dose Body Weight (q)
admin. adjust 60-wk Terminal Sig. Survival Sig,
L I M|H|]L|IM|[H|L]|M C|L Dif. | C| L dif.
Rat M
F
Mouse | M
F
M
F

exposure information age at 1¥ dose

age a last dose

age at sac.

Total time dose

Sites not considered significant (sig. by statistics):

non neoplastic pathology at site:




CARCINOGENICITY

WORKSHEET

[Sites that were significant]

BIOASSAY RESULTS

Species

Sex

Site

Tumor

Statistics

NTP
Results

incidence

nstag

gl

ga

g3

g1




CARCINOGENICITY WORKSHEET

DOSE ASSESSMENT

SURFACE AREA
ADJUSTED DOSE

C )

LIFETIME TREATMENT
AVERAGE DOSE WEIGHT CHARACTERISTICS

C ) C ) C )

ADMINISTERED
DOSE

C )




Mut ageni city

1. | nt roducti on

A nutagen is defined in CHEM as a chem cal capabl e of
inducing alterations in the genetic material of either
somatic or germnal cells. The termnutation enconpasses a
broad spectrum of genotoxic events, including mutations
affecting one or nore nucl eotides of DNA, several genes,
| arge segnents of chronpbsomes, or entire chronosones. (A
gl ossary of nutagenicity term nology is provided in Appendi X
F.) Mut ageni ¢ endpoi nts of concern include point and gene
mut ati ons, structural or nunerical chronosone aberrations,
ot her genotoxic effects, cellular transformation, and
abnormal sperm nor phol ogy. Thus, while experinental data
denonstrate a correl ati on between nutational events and
carcinogenicity, the nutagenicity assessnent is designed to
eval uate a range of genotoxic endpoints of potenti al
significance to humans, and is not nerely a substitute for,
or an adjunct to, the carcinogenicity assessnment. Somatic
cell nmutation is included in the nutagenicity assessnent
both as an indicator of relevant nutational events, and
because of its role in the etiology of several disease
states, including cancer (EPA, 1984; |ARC, 1983). As the
Nat i onal Research Council (NRC) of the National Acadeny of
Sci ences st at es,

"The range of gene-determ ned del eterious effects is
enornous. .. Every part of the body and every known
function are genetically determ ned. Nornal

devel opnent is a process of coordinated action of many
genes. The failure of any one of these is likely to
result in sonme inpairnment, disease, or...death.” (NRC,
1983, p. 28).

It is estimated that at |east 10% of all human di sease
is related to specific genetic states, such as abnornma
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conposition, arrangenent, or dosage of genes and chronosones
(USEPA, 1984). A few of the thousands of diseases with a
genetic conponent include Down and Klinefelter Syndrones,
cystic fibrosis, henophilia, Huntington's disease,
phenyl ket onuri a, achondroplasia, WImtunor, hypertension,
pyl oric stenosis, glaucoma, retinoblastoma, nuscul ar
dystrophy, several types of cancer, and nental retardation
(Koufos et. al., 1984; Knudson, 1971; USEPA, 1984; NRC,
1983). (oviously, these inpose a substantial financial and
enotional burden on society. Mreover, conspicuous effects
such as these conprise but a small proportion of adverse

i npacts, since many genes have effects that are covert,

mld, or cunulative. Because altered nutation rates can
affect not only norbidity and nortality in the present, but
also the viability of future generations, the identification
of chem cal s having the potential to produce such effects is
a crucial conponent of the health assessnent. Tables I1-11
through I'1-14 illustrate the genetic contribution to

sel ected di seases and conditions. Additional references
concerning the diversity and significance of
genetically-rel ated di sease nay be obtai ned from Hook
(1982), Smith (1982), and Carter (1982).

Preserving genetic integrity is of critical inportance.
As the National Research Council (NRC) enphasi zes,

"All organisns are the products of |ong evol utionary

hi story during which favorabl e genes have been
preserved and del eterious genes elimnated by natural
sel ection...A random change is nmuch nore likely to nake
thi ngs worse than better...[Thus,] the aggregate effect
of all nmutation is deleterious...in our view, even the
current rate of "spontaneous" nutation is not optimal
for human wel fare; our descendants for the next few
centuries, and probably beyond, would be better off if
we could find a way to reduce the rate of spontaneous
mutation."” (NRC, 1983, pp. 43-44).
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TABLE 11-11. CONCEPTUSES W TH CLI NI CALLY SI GNI FI CANT CYTOGENETI C ABNORMALI TY

Cestational stage Proportion of conceptuses Proportion of conceptuses
in conpl eted weeks of recogni zed pregnancies at given stages onward with
at given stage onwards with cytogenetic abnormality
clinically significant whose clinical significance
cytogenic abnormality (% is mani fest norphol ogically
at or before livebirth (%
5 4.59 -4.68 4.55 - 4.59
8 3.74 - 3.84 3.70 - 3.74
12 2.044 - 2.15 2.00 - 2.04
16 0.77 - 0.88 0.73 - 0.77
20 0.41 - 0.52 0.37 - 0.41
28 0.26 - 0.36 0.21 - 0.26
(Livebirth 0.20 - 0. 30a 0.15 - 0. 20b)

a The lower figure is nore appropriate if livebirth XYYs are excluded (the rate is
then 0.22%, the upper figure if they are included (the rate is then 0.27%. The
ranges given throughout reflect this difference. The actual precision of the
estimates are of course nuch lower than that inplied by the ranges given.

b Best estimate is 0.16% Cal cul ations are nmade for other gestational stages
assuming this range. Note XYYs as well as npbst other sex chronosome abnornmalities in

livebirths are excluded in this colum.

SOURCE: Hook, 1982



TABLE [11-12. NALI GNANCY AND SPECI FI C SOVATI C CYTOGENETI C
ABNORMALITY I N AFFECTED TI SSUES

Mal i gnancy Chr onosone abnormality

Chroni ¢ myel ogenous | eukem a |22q transl ocation (ph+)

Meni ngi oma 22 nonosony

Burkitt's | ynphoma 149+ (8qg translocation in
non- Afri cans)

Dysger mi nona and XQ XY

gonadobl ast oma

Ret i nobl ast orma [1pl3 deletion

Wlms tunor-aniridia 13qgl 4 del etion

SOURCE: Hook, 1982

TABLE 11-13. PROPORTI ON OF CHROMOSOME ABNORMALI TIES I N
SUBFERTI LE MEN AND CONTRCLS DETECTED | N
PERI PHERAL BLOOD STUDI ES | N STUDY OF
CHANDLEY ET AL., (1975)

Subfertile (%9 |Controls (9%
Al |l cases 2.13 0. 45
XXYs 1.00 0. 06
Al l non- XXYs 1.13 0. 39
XYY (and npsai ¢ case) 0. 25 0.19
Aut osomal transl ocations 0.50 0.13
47, XY, +mar 0. 25 0 (0.13 in
newbor ns )
O hers 0.13 0. 06
N —nunber of cases 1599 1560

SOURCE: Hook, 1982



TABLE 11-14. ESTI MATES OF Bl RTH FREQUENCI ES OF SOVE
MORE COMMON RECESSI VE CONDI TIONS I N
BRI TAIN PER 1000 LI VE BI RTHS
Mal i gnancy Chr onosone abnormality frequency
Met abol i sm Cystic fibrosis 0.5
Phenyl ket onuri a cl assi cal 0.1
Ner vous system Neur ogeni ¢ muscl e atrophies 0.1
Red bl ood cells Si ckl e-cell anaem a 0.1
Endocri ne gl ands Adr enal hyperpl asi as 0.1
Hear i ng Severe congenital deafness 0.2
Si ght Recessive forns of blindness 0.1
Mental retardation |Non-specific recessive forns 0.5

(severe)

SOURCE: Carter, 1982




Lacking definitive answers as to the long-terminpacts
of specific genetic aberrations, the Departnent believes
that all relevant mutagenic endpoints shoul d be consi dered
in the evaluation. Even apparently nmild nutations are
significant in terns of total cunul ative inpact, since the
col l ective burden of individually mld nutations nay be
substantial. As the NRC states, "If we adopt a system of
mut ati on cost-accounting that equates a small anmount of harm
to a | arge nunber of people with a great anmount of harmto a
smal | nunber of people, mld nutations can have as great
consequences as severe ones, or greater" (NRC, 1983, p. 47).

* Mitations which do not show an i medi ate (one generation)
effect on survival or fertility may be characterized as
mld, conpared to nore severe effects such as early
enbryoni ¢ death. For exanple, recessive nutations are

i nherited w thout obvious effect over many generations until
t hey becone honpbzygous, when they becone obvi ous.

Studies in Drosophila show that mld nutations

contribute markedly to the total mutational | oad,

out nunberi ng severe nmutations by a factor of ten or nore.

It is estimated that for every severe human nutation
detected by |l aboratory test systens, 20 or nore mldly

del eterious nutations may al so occur. MIld nmutations can
remain in the popul ation for generations, progressively
weakeni ng each individual until the balance is tipped

bet ween survival, and premature death or sterility (NRC
1983). Thus, it is essential to nonitor the genetic inpacts
of chem cal nutagens very carefully.

A range of endpoints in both somatic and germcells is
considered in CHEM Wile heritability is obviously of
primary significance, the Departnent believes that al
adverse genetic events of potential rel evance to hunmans
shoul d be evaluated. Germcells present |limted opportunity
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for testing, and the denonstration of nutagenic activity in
somatic cells provides an indication of potential germcel
nmut agenicity. Somatic cell nutations thenselves are of

i nportance, since these may affect the health and viability
of the organi sm

As the EPA points out, mutagenic effects arise through

a variety of mechani sns, and can be detected in a nunber of
ways (USEPA, 1984). In response to comments about the
suitability of including cytogenetic endpoints and tests not
designed to neasure transm ssible aberrations, the EPA
stated that "Although it is clear that cells that carry such
aberrations generally do not reproduce, other related
aberrations (i.e., balanced translocations, inversions,
smal | duplications, and deficiencies) are conpatible with
cell survival in germcells and can be transmtted.
Additionally, there is no evidence indicating that the
non-transm ssabl e aberrations occur by mechani snms different
fromtransm ssabl e aberrations”" (USEPA, 1984, pp.46315-6).

Li kewi se, the Departnent believes that the protection of
present and future generations is best served by a
conprehensi ve nutageni city assessnent incorporating al
genetic and chronpbsonmal endpoints of significance.

2. Dat a Sources for Mitagenicity Assessnent

CHEM relies primarily on short-termand | ong-term
mut ageni city bi oassays in experinmental species to assess
chem cals for nutagenicity, although valid epidem ol ogica
evidence will be used to supplenent the bioassay data when
avai |l able. However, even where popul ati on nonitoring has
been carried out (e.g., spermand body fluid analyses in
occupational | y-exposed groups), the results are often
difficult to interpret or to confirm This is because
exposed human popul ations are snmall, yet diverse, and there
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are no uni que, easily observed mutant phenotypes to serve as
mar kers in human popul ati ons.

G ven the increasing backl og of untested chem cals, and

the likelihood that at | east sone of these nay pose a
genetic risk to human popul ations, it has been necessary to
devel op practical alternatives to the prohibitively
expensi ve and tine-consum ng net hods of traditional
t oxi col ogy. Mbreover, as the EPA (1984) points out, the
very nature of nutagenic effects precludes traditional
met hods of identification and testing. Specific nutations
are relatively rare events, and only a snmall fraction of the
t housands of human genes and conditions are currently useful
as markers in estimating nutation rates. Genetic
variability, small nunbers of offspring, and | ong generation
times further conplicate studies in humans. In addition,
only dom nant nutations, certain sex-linked recessive
nmut ati ons, and some chronpbsone aberrations are detectable in
the first generation. Most conditions wll therefore go
unrecogni zed for many generations. Thus, CHEMrelies on
experinmental data to predict potential genotoxicity in
humans. However, work is underway at the Massachusetts
Institute of Technol ogy using the nmutational spectra found
in human bl ood cells to investigate causes of particul ar
mutations (Thilly, 1985). As it becones possible to
directly measure nutagenic events in human cells, and
di stingui sh spontaneous nutations from chem cal |l y-i nduced
genotoxicity, indirect non-human assays may be unnecessary.

The Departnment is interested in these efforts, and wll
i ncorporate such data when avail abl e.

I n usi ng non-human or non-manmual i an species for
testing, the assunption is that results fromvalid tests in
ot her bi ol ogi cal systens can be extrapolated to humans.
This assunption is supported both conceptually and
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experinentally by the fact of the virtual universality of
DNA as the genetic material, the reproducibility of genetic
damage by specific chem cals anbng various species, and the
occurrence of simlar types of nmutations in human and

non- human somatic cells (I ARC, 1980; NRC, 1983; USEPA,
1984). As EPA states,

"Despite species differences in netabolism DNA repair,
and ot her physiol ogi cal processes affecting chem cal
nmut agenesi s, the virtual universality of DNA as the
genetic material and of the genetic code provides a
rational e for using various nonhuman test systens to
predict the intrinsic nutagenicity of test chem cals.
Addi ti onal support for the use of nonhunman systens is
provi ded by the observation that chem cals causing
genetic effects in one species or test system
frequently cause simlar effects in other species or
systens. There al so exists evidence that chemi cals can
i nduce genetic damage in somatic cells of exposed
humans. For exanpl e, high doses of nutagenic
chenot her apeuti c agents have been shown to cause
chronmosomal abnormalities, sister chromatid exchange,
and quite probably, point nutations in human

| ynmphocyt es exposed in vivo. Wile these results are
not in germcells, they do indicate that it is possible
to induce nutagenic events in human cells in vivo.
Furthernore, a wide variety of different types of

mut ati ons have been observed in humans incl uding

nuneri cal chronosone aberrations, translocations,
base-pair substitutions, and franme-shift nutations.

Al t hough the cause of these nutations is uncertain, it
is clear fromthese observations that the human germ
cell DNA is subject to the sane types of nutationa
events that are observed in other species and test
systens." (USEPA, 1984, p.46318).

Mor eover, years of testing with thousands of chemicals
have denonstrated remarkabl e consi stency anobng vari ous
species in a large nunber of tests. The data denonstrate
that while the sensitivity of a given species or testing
met hodol ogy may vary with respect to a particul ar endpoi nt,
the uniformty indicated anong the range of biol ogical
systens permts a high degree of confidence and
predictability for nutagenic response when using a battery
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of tests (I ARC, 1980; NRC, 1983; USEPA, 1984). Tables I1-15
and 11-16 show the results of sone conparative testing
bet ween nouse and Drosophila carried out by NRC. Metabolic

differences or differences in the transportation efficiency
of reactive netabolites between tissue of production and,
for exanple, germcell DNA, could explain differences
between fruit fly, nouse, and human.

The EPA's Gene-Tox database is the principal data
source used in CHEMto assess nutagenicity. Gene-Tox is a
peer-reviewed information file produced by the EPA Genetic
Toxi col ogy Program It reports bioassay results for 73
separate tests, and is updated regularly. VWile the
database is relatively new, and many chem cals have yet to
be evaluated, it is anticipated that conprehensive anal yses
of a large nunber of substances will be available in the
near future.

The conputer file at the Environnmental Mitagen
Informati on Center (EM C) was generated from 23 i ndependent
Wrk G oups convened in the spring of 1979. These experts
on the assay systens they were to evaluate were supplied
W th conplete copies of the publications in their field of
expertise. Each group drew up its own criteria for
acceptance or rejection of a publication, and they al so drew
up criteria for classifying results as positive, negative,
or equivocal. The cutoff date for publications to be
considered for Phase | was early 1979. Papers published
since then are being considered now, and reports on this
work are expected in the near future.

Both the selection of tests to be used and the
eval uation of chemcal-specific results represent years of
i ntensi ve research and col | aboration by expert working
groups within the Genetic Toxicology Program The degree of
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TABLE |11-15. | NTERSPECI ES COVPARI SON I N MJTAGENI CI TY
STUDI ES: RESULTS OF TESTS FOR HERI TABLE
TRANSLOCATI ONS | N THE MOUSE FOR 17 CHEM CALS
THAT PRODUCED TRANSLOCATI ONS OR X- LI NKED
LETHALS | N DROSOPHI LA

CHEM CAL MOUSE DROSOPHI LA
Cycl ophosphani de + +
Et hyl ene oxi de + +
Et hyl nethanesul fonate
( EMB) + +
| sopropyl methene-
sul fonate + +

Met hyl net hane-

sul fonat e (MVB) + +
Mtomycin C + +
Ni trogen nustard + +
Procar bazi ne + +
TEM + +
Tris (l-aziridinyl

phosphi ne oxi de) (TEPA) + +

Tris (l-aziridinyl
phosphi ne sul fide)
(t hi o- TEPA) +

Afl atoxin B-1 -

Cadmi um Chl ori de -

Caf f ei ne -

Capt an -

N-Methyl -N  -nitro-N-
ni t r osoguani di ne -

+ + 4+ + 4+

+

* Al treatnents were to postspernatogonial stemcell stages
+ Significant increase over the controls;
No significant increase over controls

Data from Bi shop and Kodell (1986), and Lee et al., 1983)
SOURCE: NRC, 1983



TABLE 11-16 | NTERSPECI ES COVPARI SONS | N MUTAGENI CI TY STUDI ES: COVPARI SON
OF THE RESULTS COF 17 CHEM CALS TESTED I N BOTH THE MOUSE-
SPECI FI G- LOCUS TEST AND THE DROSPHI LA X- LI NKED LETHAL TEST

CHEM CAL MALE MOUSE PREMEI OTI C DROSOPHI LA PREMEI OTI C
POSTMEI OTI C CELLS CELLS POSTMEI OTI C CELLS
CELLS

Et hyl nitrosourea (ENU) + + + +

Mtomycin C i nc + + +

Procar bazi ne + + + +

Tri et hyl ene nel am ne (TEM + + + +

Propyl nethanesul fonate i nc + + n.t.

But yl at ed hydr oxyt ol uene (BHT) i nc - — -

Cycl ophospham de + n.t. + -

Et hyl net hanesul fonate ( EVB) + — + +b

Met hyl met hanesul f onate (MVD) + I nc + +

Hycant hone net hanesul fonate i nc — + -C

MW/l eran busul fan (Ml eran) i nc — + —

Benzopyr ene i nc — + -

Met hyl nitrosourea (MNU) + i nc + +

Di et hyl nitrosam ne (DEM i nc — + +

Sodi um bisulfite I nc — n.t n.t.

Irradi ated wheat n.t. - + n.t.

Caf f ei ne n.t. — + n.t.

a. + signifies higher than historical control frequency of 43/801, 406 at 5% significance |level; inc = inconclusive,
whi ch means neither + nor -, and sanples eval uated after high exposure range from 911 to over 20,000 offspring;
n.t. = not tested; - == induced nutation frequency after high exposure is lower than 4 tines the historical
control rmutation frequency at the 5% significance |evel.

b. Statistically significant increase (%l evel) over concurrent control, or significantly greater than 0.5%
nut ati on frequency.

C. Less than a 0.2% I nduced frequency (equival ent to spontaneous frequency) with a sanple size of 7,000 or nore

tests at approximately 800 | oci per test.

SOURCE: NRC (1983)



effort involved, the stringency of criteria enployed by the
wor ki ng groups, and the extensive docunentation provided

| end a high degree of confidence to the results reported.
Until all the chem cals of interest to Massachusetts have
been eval uated by Gene-Tox, however, CHEM wi Il use sources
such as I ARC and primary science literature to suppl enent

t he mutagenicity assessnments. The criteria outlined by
Gene-Tox for evaluation of tests used, as well as results,
will be used to assess the validity and rel evance of primary
data. Use of Gene-Tox data and standards allows for a
consi stent and reliable approach to the eval uation of
potential nutagenicity.

The bi ol ogi cal test systens sel ected by Gene-Tox and
utilized in CHEM i ncl ude humans and ot her mammal s, bacteri a,
Drosophil a, yeasts, nolds, and plants. Bioassays are

conducted in vivo or in vitro, and with or wi thout metabolic
activation; they are collectively designed to assess a
vari ety of endpoints, since the nmechani snms of nutagenic
activity are expected to vary fromone chemcal to the next.

3. Sel ection and "Tiering" of Mitagenicity Tests

In contrast to the other three health effects
categories (acute/chronic toxicity, carcinogenicity,
devel opnent al / reproductive toxicity), nutagenic effects are
ranked on the basis of weight-of-evidence only. This nakes
it especially inmportant that the tests used are carefully
sel ect ed.

Test selection involves bal ancing a nunber of factors,
ranging fromthe practical to the scientific. As described
by NRC (1983) and EPA (1984), these criteria include:

o] rel evance of endpoint neasured to human
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popul ati ons.

o] Anat om cal , histological, and/or netabolic
simlarities to humans, as neasured by the
met abol i ¢ processing of the agent, the structure
and chem cal nature of the chronpbsonal target,
t he processing of DNA damage, the transm ssion of
the nutation, and correspondence of germ cel

st ages.

o] The diversity of phyl ogenetic groups represented
collectively in the test systens.

o] The genetic endpoi nts assayed by the test.

o] Sensitivity and specificity of the test.

o] Validity.

o] Reliability.

o] Availability of a |arge database.

o] Variety of classes of chemcals to which the

tests have been appli ed.

o] The nunber of | aboratories that have perforned
the test and the reproducibility of results anong
| abor at ori es.

0 Concordance of results with chem cals previously
subj ected to other tests.

O course relevance to humans is the single nost
i nportant factor, but as the NRC points out, "The tests
chosen necessarily represent a conprom se: relevance,
sensitivity, cost, and other considerations nust be bal anced
agai nst each other"™ since no one test can neet all criteria.

(NRC, 1983, p. 149)

Seventy-five nutagenicity assays are utilized in CHEM
O these, 73 are currently included in Gene-Tox. Two
additional tests, the Dom nant Skel etal Mitation Test and
t he Dom nant Cataract Assay have been added for use in CHEM
These were selected on the basis of their predictive val ue
and overall significance to the nutagenicity assessnent
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(I ARC, 1980a and b; USEPA, 1984). A considerabl e dat abase
exi sts pertaining to the tests selected by Gene-Tox and used
in CHEM A list of the International Comm ssion for the
Protecti on Agai nst Environnental Mitagens and Carci nogens

(I CPEMC) and ot her Gene-Tox reports used in the eval uation
of mutagenicity tests appears with the general references at
the end of this section. A conplete |ist of

Gene- Tox publications nmay be obtained from TSCA | ndustry
Assi stance O fice of Toxic Substances, U S.E P.A Table
I1-17 lists and describes the 75 tests used in the

nmut ageni city assessnent.

Based on the critical reviews published by | ARC (1980a
and b, 1983), NRC (1983), and Gene-Tox conmttees, the 75
tests are divided into three groups, representing a tiered
approach to eval uate wei ght-of-evidence. Tests are arranged
in such a way as Klinefelter Syndrones, cystic fibrosis,
henophi lia, Huntington's disease, phenyl ketonuri a,
achondropl asia, WImtunor, hypertension, pyloric stenosis,
gl aucoma, retinoblastoma, nuscul ar dystrophy, several types
of cancer, and nental retardation (Koufos et. al., 1984,
Knudson, 1971; USEPA, 1984; NRC, 1983). oviously, these
i npose a substantial financial and enotional burden on
society. Mreover, conspicuous effects such as these
conprise but a small proportion of adverse inpacts, since
many genes have effects that are covert, mld, or
cunul ative. Because altered nutation rates can affect not
only norbidity and nortality in the present, but also the
viability of future generations, the identification of
chemi cal s having the potential to produce such effects is a
cruci al conponent of the health assessnent.

Si xty-ei ght short-term nutagenicity screeni ng assays
are assigned to primary and secondary categories, making up
Goups Il and 111, respectively. Goup designation was
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again based on the criteria previously outlined,
particularly relevance and sensitivity. All endpoints and
test organisnms are represented in each group, with the

exception of plants which are included in Goup IIl only.
While all the tests included in Goups Il and Il are valid,
pl acenent in Goup Il, as opposed to Goup IIl, generally

reflects relatively greater confidence in the test, and
hi gher significance with respect to potential effects in
humans. As indicated, positive results in Goup | tests
have nmore "weight" then those fromGoup Il, and Goup Il
tests have nore "weight" than those in Goup IIl. Thus,
while two positive results in Goup | assays provide
"sufficient" evidence of nutagenicity, at |east four
positive results in Goup Il or six positives in Goup Il1I
tests are required for the sanme designation. Table I1-18
presents the mutagenicity scoring systemused in CHEM
Since this is a constantly evolving field, selection and
tiering of tests will be updated regularly.

Some pairs or groups of assays are virtually identical
W th respect to organi smused and endpoi nt nmeasured. These
are grouped together and, if both are positive, counted as
one unit. For exanple, if a chem cal produces positive
results in both the WP2 and WPU assays (reverse nmutation in
E. coli -- see Goup II: Primary Short-term Tests on Tabl e

[1-17), only one positive will be counted for scoring since
there is no practical distinction between the two
tests/strains used. Such pairs or groups of tests are
listed on one line in Table I1-17, and separated by a sl ash
(e.g., CY5/CY8). |If the results differ, decisions will be
made on a case-by-case basis as to whether they cancel one
anot her out. Tests were matched on the basis of a
previously published classification schene (Waters, 1983)
and Departnent judgenent.
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TABLE 11-17. LIST OF MUTAGENI CI TY TESTS

TEST DESCRI PTI OV TYPE CODES

GROUP |: MAWMALI AN, I N VIVO

Mouse Specific Locus Test SLT
Mouse Spot Test MST
Doni nant Skel etal Mitation " DSM'
Doni nant Cat aract Assay " DCA"
Doni nant Lethal Test - rodents DLT
Heritabl e Transl ocati on Test-rodents HTT

M cronucl eus Test - nouse IMNT
GROUP 11: PRI MARY SHORT- TERM TESTS

Chi nese Hanster Lung (V79) cells, all |oci V79
Mouse Lynphoma (L5178Y) cells, TK locus L51
S. Typhinurium histidine reversion (Ares Test), (TA 98, TA 110,)

TA 1535, TA 1537, TA 1538) SAL
E. Coli (WP2/WP2 uvra) - reverse mnutation WP2/ WPU
Sex-linked Recessive Lethal Test - Drosophila m SRL
Host - Medi at ed Assay Studies HVA
Manmal i an Cyt ogeni cs, bone marrow | ynphocyte of | eukocyte CY5/ CY8
Manmal i an Cyt ogeni cs, bone marrow | ynphocyte of | eukocyte CY#/ CY%
Manmal i an Cyt ogeni cs, oocyte, early enbryo/ mal e germ cell CyQd CH9
Manmal i an Cyt ogenics, all mammalian CY&
M cronucl eus Test, |ynphocyte VN7

M cronucl eus Test, nmanmalian cell MN&
Heritabl e (reciprocal) Transl ocation Test - Drosophila DHT

Si ster chromatid Exchange - |ynphocyte SCY
Si ster Chromati de Exchange - cells/enbryonic lung fibroblasts

(W-38)/1ynmphocyte SCI / SCW SCL
Sister Chromatid Exchange - in vivo/in/vitro SC3/ SC2
A. Nidulans - cross over studies ASG
S. Cerevisiae, hompbzygosis - reconbi nati on/ gene conversion YEH YEC
E. Coli pol A (WB110-P3478) - with S9/w thout S9 RE2/ REI
B. Subtilis rec (HL7-M45/ 17A45T) REW REX

conti nued .




TABLE 11-17. LIST OF MUTAGENI CI TY TESTS, conti nued

TEST DESCRI PTI OV TYPE CODES
GROUP 11: PRI MARY SHORT- TERM TESTS, conti nued

Human Sper m Mor phol ogy SPH
Cell Transformation Studies - BALV/C-3T3 / C3H I OTI/2 CTB/ CTH
Cell Transformation Studies - nouse prostate CT™M
Cell Transformation Studies - Syrian hanster enbryo-

cl onal / f ocus assay CTC/ CTF
Cell Transformation Studies - Fischer rat enbryo/ nouse

enbryo/ Syri an hanster enbryo CTR/ CTK/ CT7
Cell Transformation Studies - SA7 Fischer rat cells CTA

GROUP 111: SECONDARY SHORT TERM TESTS

Forwar d/ Reverse Miutation, S. Cerevisiae [ YEF/ YER];

S. Ponbe [ YEY/ YEZ]

Forwar d/ Reverse Miutation, A. N dul ans

Forwar d/ Reverse Miutation, N. Crassa

Pl ant Gene Mutation Studies

Body Fluid assay - urine

Aneupl oi dy studi es, whole sex chronposonme - |oss/loss/gain
Aneupl oi dy studies, S. Cerevisiael/A N dulans/N Crassa
M cronucl eus Test - plants

Pl ant Chronosone Studi es

Manmal i an Sper m Mor phol ogy - nouse/ rabbit/rat

Manmal i an Sperm Mor phol ogy - nmouse Fl assay

Unschedul ed DNA Synt hesis - human di ploid fibrobl ast
Unschedul ed DNA Synt hesis - nouse germcells

Unschedul ed DNA Synthesis - rat primary hepatocyte

YEF/ YER/ YEY/ YEZ
ASF/ ASR
NEF/ NER

PGM

BFU
DAC/ DAP/ DAG
YEN ASN NEN

VNP

PYC
SPI / SPR/ SPA

SPF

UDH

upT

UDP




4. Scori ng Schene

Scoring chemcals for nutagenicity represents a conpl ex
task, due to the broad range of effects, test systenms and
mechani sns of action to be evaluated. Mreover, as | ARC
poi nts out,

"Few, if any, nutagens induce only one type of

mut ati onal change: rather, nost nutagenic agents tend
to exhibit a characteristic nutational spectrum which
depends upon (i) the nature of the primary DNA
alteration,...and (ii) the subsequent secondary effects
of DNA repair and replication. The sane nutagen nay

t herefore produce different nutational spectra in
organi snms of different genetic background.” (I ARC,
1980a) .

At the sane time, the nutagenic activity of a given
chem cal may be detectable only in certain species or tests.
Because both the endpoint and the mechani sm of nutagenic
action vary, it is necessary to use a variety of tests in
the nutagenicity assessnent. The nethods preferred by EPA
(1984), |1 ARC (1980a), Waters et al. (1983), Gene-Tox, and

Wi sberger and Wllians (1981) enploy a battery of tests
collectively designed to neasure a range of genotoxic
endpoints in a nunber of species. Since each test is
limted by the mechanismit is designed to detect, as well
as the sensitivity of the species used, a series of

bi oassays provides a nore reliable foundation for
identifying potential nutagens. Tests are "tiered" or

wei ghted using the criteria defined in the previous section.

The mutagenicity scoring schene used in CHEM represents
a conbination of elements recomrended by vari ous assessnent
commttees from|ARC (1980a, 1980b), EPA (1980, 1984) and
NRC (1983). The nethod used nost closely resenbl es that
outlined by EPA (1984, 1986), but requires a |larger nunber
of assays, as well as expanded wei ght-of - evi dence categories
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(i.e., EPA uses three categories while CHEM uses five). The
Depart ment chose not to adopt any one of the assessnent
schenes cited above in toto, for the follow ng reasons:

o] No single nmethod accounts for all endpoints of
i nterest.

o] Some net hods are geared primarily toward
carcinogenicity screening rather than
nmut ageni city assessnment per se (e.g., |ARC
classification schene).

o] Many utilize only a few tests, which are not
consistently available for the chem cals of
concern to the Departnent (e.g., NRC). I|f CHEM

were to restrict the assessnent to results from
only five or six tests, nost chem cals would
remai n uncl assified since few woul d have been
studied in those specific tests.

0 Most et hods seek a yes/no determ nation of
nmut agenicity. In contrast, CHEM seeks to
eval uate the relevance of the data and to
di stingui sh gradations of confidence and/ or
potential harm Since the nunber and type of
results avail abl e vary considerably from chem ca
to chem cal, weight-of-evidence categories nust
be designed to accombdat e nunerous possible
conbi nati ons and situations.

Table I1-18 shows how the results fromtests in G oups
I, I'l, and Il are conbined and wei ghted to produce the
wei ght - of - evi dence cl assification schene. Chemcals are
eval uated using this schene, and each is assigned a letter
code score (A-E) reflecting relative degree of hazard. The
follow ng factors are considered in deriving the final

Score:

a. G oup designation: Geater weight is given to positive

results in a Goup | assay than to results in a Goup
Il assay. Simlarly, Goup Il results are given
greater weight than those in Goup I11I.

119






TABLE 11-18.

SCORI NG MATRI X FOR MUTAGENICI TY | N CHEM

Cat egory Test Type and Number of Positive Letter Score
Resul ts
Goup |: Two or More A
or
Goup Il: Four or Mbre A
or
Sufficient: Goup Ill: Six or Mre A
Evi dence or
Goup I|: One
AND A
Goup II: One
or
Goup 1I: One
AND A
Goup IIl: Two
Goup I: One B
or
Goup Il: Three B
Subst anti al Goup IIl: Four or Five B
Evi dence or
Goup I1: One or Two
AND B
Goup Ill: Three
Goup Il: One or Two C
or
Goup Ill: Two or Three C
Suggesti ve or
Evi dence
Goup I1: One or Two
AND C
Goup Ill: One or Two
Limted Goup IIl: One D
Evi dence
Non- Posi ti ve Non- Posi tive Data E
No Data | nadequat e Dat a
or ND
Chem cal Not Tested




Speci es or organism Generally speaking, test species

have been ranked in order of descending significance
as follows: human, other mammal, higher eukaryote,
| oner eukaryote, prokaryote.

Test nethod: Geater weight is attached to in vivo

testing than in vitro testing.

Endpoi nt: The nunber and variety of endpoints

eval uated is considered. Geater confidence is derived
froma set of test results which represents a variety
of significant endpoints.

Speci es: The nunber and variety of species used is
al so inportant. Geater confidence is placed in
assessnents which are based on results from diverse
speci es, especially those which include mamal s.

Correl ation between results: As a result of extensive

testing, correlations between certain tests have been
denonstrated, such that if a chemcal is positive (or
non-positive) in a given assay, it is likely to be
positive (or non-positive) in the other assay as well.
Such consi stency may indicate simlar nechanisns of
action and should be noted. Thus, it is inportant to
consider not only the total nunber of positives and
non- positives reported, but also the significance of

i ndi vidual results. This is crucial in scoring, since
it would be msleading nerely to conpare totals of
positives and non-positives w thout regard for

predi ctable correlations anong tests. |In the case of
non-positive or conflicting results, for exanple,
interpretation can be nore straightforward if those
particul ar results woul d have been expected on the
basi s of nmechani sm of action.
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Judgi ng the significance of individual test
results is inportant in another sense as well, because
a positive or non-positive result in one type of test
may be | ess relevant than a positive or non-positive in
anot her test. Each of these factors nust be weighed in
scoring.

g. Overall pattern of results: |In sunmng up the

avai |l abl e data, all of the factors outlined above are
consi dered. Because the assessnment involves a battery
of tests, it is often possible to identify a trend or
pattern anong the results, pointing to a particul ar
mechani sm of action, or type of hazard posed. After
eval uati ng and wei ghing individual results, a sumary
score is assigned on the basis of their collective
significance. Thus, scoring reflects an attenpt to
bal ance the variables listed in a neaningful way, to
account for nechanisns of action, and ultimately to
di scern an overall pattern - particularly where

i ndi vidual results are conflicting or ambi guous.

The eval uation of mutagenicity involves a great variety
of endpoints and bi ol ogi cal systens. The eval uation can
i ncl ude hundreds of results or very few, and the nunber of
possi bl e conbinations is practically limtless. It is
difficult, therefore, to directly conpare one chemcal with
anot her, since the spectrumof results available for each is
likely to be quite different. Moreover, non-positive and
equi vocal results further conplicate classification.

Thus, while Table I11-18 presents a fairly sinplified
and strai ghtforward approach to categorizing the
wei ght - of - evi dence, the actual scoring process is
consi derably nore conplex than can be illustrated
schematically. Cearly, there is a significant anount of
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case- by-case judgenent involved in arriving at the final
score, as the follow ng exanpl es denonstrate.

Exanpl es of Miutagenicity Scoring

For mal dehyde provi des an exanple of a chemcal wth a
conparatively |arge anount of data, and uniformresults. It
is positive in a nunber of biological systenms and for a
vari ety of endpoints:

SRL (sex-linked recessive |ethal, Drosophila)

DHT (heritable translocation, Drosophil a)

YEC (gene conversion, S. cerevisiae)
REI (DNA damage, E. coli, w thout S9)
YER (reverse nutation, N crassa)

+ + + + + +

NER (reverse nmutation, N. crassa)

The six positives, four in Goup Il, and two in G oup
[1l would normally provide "sufficient” evidence of
mut agenicity. All results are positive, three of four
endpoints are represented (gene nutation, chronosomnal
effects, and "other genotoxic effect” - DNA danage, and gene
conversion), and four varieties of test organismare
represented. However, formal dehyde is assigned a score code
of "B rather than "A" because no mammalian results are
avai | abl e and the evidence is therefore |l ess than
sufficient. It can be no |lower than "B because the
spectrum of endpoints and the nunber of positives provide a
consi stency which allows confidence in the results.

Carbon tetrachloride presents a very different

situation. Only two endpoints are represented, and the
results are vari ed:
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- SAL (histidine reversion, S. typhinmurium -

Ames Test)

+ YEH + YEC (reconbi nation/ gene conversion, S.
cerevi si ae)

+ YER (reverse nutation, S. cerevisiae)

- SPI (sper m nor phol ogy, nouse)

Wil e carbon tetrachloride is apparently positive for
sone endpoints and in certain species, only one positive is
reported in Goup Il (YEH and YEC are counted once, and
scored as a unit because they are essentially the sanme) and
one in Goup IIl. The non-positives do not cancel out the
positives because the endpoints neasured are different. In
addition, the yeasts are higher phyl ogenetically than
sal nonella. The spermtest used a mammal, but is |ess
sensitive than the gene tests, and represents a |ess
concl usi ve endpoint. Thus, in weighing each of these
vari abl es, a "suggestive" weight-of-evidence classification
is warranted. The final score for carbon tetrachloride is
"C.

5. Interpretati on of Non-positive Results

As indicated, nutagenicity assessnent involves wei ghing
a range of variables, and no two chenmicals are likely to
present the sane scoring situation. The anount and type of
data avail able for evaluation will vary, as will the
constellation of results. Therefore, the scoring system
nmust be fl exi ble enough to accommpdate these variables on a
case-by-case basis (NAS, 1983).

Interpretation of non-positive results is a problem
common to all toxicol ogical assessnent (Siem atycki, 1982).
A nunber of factors will influence experinental outcones,
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and the interpretation of non-positive results nust take
this into account. These factors include:

o] Exposure scenario - duration, frequency,
magni tude, and type of exposure; environnental
condi tions of exposure.

o] Dose - actual dose received by germcell or
ti ssue of concern.

o] Pat hol ogi c interpretation.

o] Statistical interpretation

o] Size of experinental and control groups.

o] Chem cal properties of substance tested. - e.g.,

vol atil e or hydrophobi c substances can pose
speci al problens for testing.

o] Accuracy of historical and control data.

o] Sensitivity and specificity of test nethod.

o] Gender and species' sensitivity to chem cal
t est ed.

In addition to the above, accurate interpretation of
nmut agenicity results al so depends upon the adequacy of test
protocols used, and the skill of the investigator. Tests
must be carefully conducted, according to specific technical
protocols. The researcher must be certain that the
substance being tested has actually reached the cell, has
been adm nistered at the appropriate cell stage, and that
the cell remains viable (Sankaranarayanan, 1982). In vivo
testing nust rule out toxicity, cell death, or sterility,
each of which can mask nutagenic potential. As conpared to
the other health effects categories in CHEM nutagenicity
testing involves a wider variety of test organismns,
endpoi nts, and nechani sns of action. Tests are conducted
using in vivo and in vitro nethods, mammal s and non- manmal s,
and seek to detect internal and external, cellular or
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nor phol ogi cal changes in various cells of both males and
femal es. A chem cal nay produce non-positive results in one
test system and be positive in another, or may even vary
within the sane test system depending for exanple, on test
protocol or whether activation was used. A non-positive
result may sinply nean that the test selected is not
responsive to the particular biologic effect(s) induced by
the chemcal. It does not preclude that the chem cal nay be
positive in another test with a different endpoint.

In practice, interpretation of non-positive results
requires at |least as nmuch scrutiny as required for positive
results. Thus, an adequate nunber of tests, properly
conducted, using a nunber of species and neasuring al
rel evant endpoi nts woul d be needed to provide convincing
evi dence that a substance is not likely to cause nutations
in humans. A series of non-positive results can weaken the
wei ght - of - evi dence and result in a | ower score, or may
cancel out a single positive when obtained in identical
tests. For exanple, if both a positive and a non-positive
are reported for SAL (histidine reversion, Sal nonella

typhimuriun), CHEM nay regard this as either a non-positive

or equivocal result, to be decided on a case-by-case basis.

In contrast, a non-positive in SAL and a positive in
CY5 (in vivo human bone marrow chronosonal aberration) are
not conparable, and the non-positive in one test does not
affect the significance of the positive in the other
(Sobels, 1982). Species and endpoint differences require
that we evaluate the results independently, and a
non-positive cannot cancel out a positive in this case. 1In
anot her exanple, while both the EPA and NRC consider a
single positive nouse test (Goup |I) sufficient evidence of
nmut agenicity, a non-positive in one of those tests is given
little weight, because of the relative insensitivity of the
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tests. Wen interpreting conflicting results therefore,

t he hi erarchical weighting schenme described earlier can be
of use. Positive and non-positive results are eval uated

Wi th respect to species (mamualian versus submamal i an),
nmethod (in vivo versus in vitro), and endpoi nt measured.
The pattern that emerges can be translated into a

wei ght - of - evi dence cl assification and, thus, to a relative
score. The final judgenent, however, requires case-by-case
eval uation by the Departnment. This is illustrated by the
foll owi ng two exanpl es.

Exanpl es of Interpreting Non-positive Results

Epi chl orohydrin provides strong evi dence of

genotoxicity. It is positive in four Goup Il tests and two
Goup Il tests, representing three endpoints and four
speci es:

+ SRL (Sex-linked recessive |ethal, Drosophila)

+ Cy7/ + CY8(Chronpsonmal aberrations, human

| ynphocyt e/ | eukocyt e)

+ RE1(DNA damage, E. coli, w thout S9)

- SPH( sper m nor phol ogy, human)

+ YEY/ + YEZ(forward/reverse nutations, S. ponbe)

+ NEF/ + NER(forward/reverse nutations, N. crassa)

- SPI (sper m nor phol ogy, nouse)

Epi chl orohydrin receives a score of "A'. The fact that
results in spermtests have shown consi stency from nouse to
human provi des confidence that epichlorohydrin may not cause
abnormal sperm norphol ogy. On the other hand, non-positives
i n sperm norphol ogy do not cancel out any positives because
t he endpoi nts nmeasured are not conparable. The nunber and
diversity of positives result in a score of "A' .

An alternative exanple is acetone. It produced
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non-positive results in all tests reported:

SAL (histidine reversion, S. typhinurium- Anes
Test)

- CY& (chronosomal aberration, in vivo manmalian
cells)

- SC2 (sister chromatid exchange, in vitro
manmmal i an cel | s)

- CTR/ -CTK (cell transformation, rat/nouse enbryo)

- CTC(cell transformation, Syrian hanster
enbr yo- cl onal assay)

The fact that non-positives are obtained for both
manmmal i an and submammal i an organi snms, and for all four
endpoi nt categories provides confidence that acetone is not
likely to be mutagenic in humans. Thus, acetone receives a
score of "E in CHEM

6. Threshol d and Low Dose Extrapol ati on Assunpti ons

It is generally assuned that there is no threshold for
effects |like nutations, which may invol ve one nol ecul e of
the chem cal and one target nolecule. Conpared to
carcinogenicity, the case for non-threshold is even nore
straightforward for nutagenicity because once established,
DNA damege is heritable and irreversible (NRC, 1983).
Linearity in | ow dose extrapol ations is assuned on the basis
of experimental nodels. This assunption may al so provide a
greater degree of public health protection since it
i ncorporates a degree of conservatismin estimting | ow dose
response.
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Several groups have advocated this approach, including
three NRC commttees (NRC, 1975, 1983; NAS, 1977). 1In
addi tion, the EPA uses this approach in nmutagenicity
assessnment (USEPA, 1980, 1984) and in its water quality
criteria (1979). As the NRC states, "The approach taken by
this Commttee is that, unless there is evidence to the
contrary, it wll be assuned that there is no threshold. |If
it is necessary to extrapol ate from hi gh-dose data, the best
procedure is to interpolate linearly between the effect at
zero dose and the lowest reliable data point(s). The |ower
t he doses studied, the nore reliable is this interpolation.”

(NRC, 1983 p. 77).

7. Qualitative and Quantitative Assessnment

The nutagenicity score in CHEM pertains only to the
wei ght - of - evi dence, representing both the | evel of
confidence and degree of concern generated by the avail able
data. Potency is not a factor in the assessnent. Wile
sonme quantitative nmeasures exist, and are currently being
used by sone groups (e.g., EPA), the Departnent does not
believe that the science has evolved sufficiently to justify
their use in CHEM at this time. O practical inportance as
wel |, the specific data required for assessing potency are
not consistently available. Few, if any, of the chemcals
eval uated thus far in CHEM have t he needed information; and
potency data are not yet avail able from Gene-Tox. The
Depart ment acknow edges that quantitative neasures are a
desirabl e conponent in any toxicity assessnent, and wll,

t herefore, consider incorporating a potency evaluation into
the nmutagenicity assessnent when the data and the evi dence
warrant. Currently, when the existence of a dose-response
relationship is reported by Gene-Tox, it is noted on the
wor ksheets for CHEM although it is only of significance in
CHEM as a neasure of test validity and confidence in the
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results. Unlike the other health effects categories then,
guantitative assessnent is only indirectly used (by
Gene-Tox, in their own evaluations of results to be
reported) and is not incorporated in CHEM s nutagenicity
scoring schene.

8. Results and D scussi on

The results of scoring for 105 chem cals are shown in
Table I1-19. It can be seen that, although the scoring
schenme shown in Table I1-18 seens sinple, the actual scoring
process is considerably nore conplex and requires a
significant anount of objective case-by-case judgenent.

Table I1-19 shows that no data were reported by the
sources used for 63 of the 105 chem cals. For the remaining
42 chem cals, scores were assigned as follows: 8A 5B, 18C,
9D, and 2E. Thus, the nobst commonly represented category is
"C . This category includes those chem cal s having
suggestive evidence of genotoxicity in mamralian and/ or
non- mammal i an short-term assays. The second nost
represented category is "D (limted evidence). Altogether,
74 of the 105 chem cals eval uated belong to one of the three
| oner categories (D, E;, ND). This large proportion of "low

score" chemcals illustrates the inportance of making a
distinction between "no data", limted data, equivocal, and
non-positive data. In a system which enphasizes cl assifying

only the evidence which is sufficient to neet higher scores
of C, B, and A such as the 'classifiable' evidence in the

| ARC system the |ower score categories (D, E, ND) would be
| unped together into a "noncl assifiable" group. That neans
that for the 105 chem cal s eval uated here, 71% woul d be
elimnated fromfurther consideration wthout specifying the
basis for the exclusion. That basis, however, my be

i nportant in assessing the overall hazard of a substance.
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TABLE 11-19. RESULTS OF SCORI NG FOR MJTAGENI CI TY

Chem cal PCsSI Tl VE NON- POSI Tl VE
Nane RESULTS! RESULTS! Scor e?
Acet al dehyde +SCl, +SCL., +SC2. +REl — B
Acet one — -SAL, -CY& -SC2, -CTIC
-CTR, -CTK, -PGM E

Acrylonitrile +SAL, +WP2, +WPU, +CTF,

+CT7 — A
Anmoni a — e ND
Ani | i ne/ Anili ne +RElI, +CTR, +SC2, +CTR -SAL, -YEH, -REZ2, C
Hydr ochl ori de -CTC, -SPI
Asbest os — - WPU ND
Benzene +WMNT, +CY8, +CY7, +PGM

+SPI -8Cl, -SCcL, -CT7 A
Benzyl Chloride +SAL, +YEH, +RE2, +REIl

+REW +CTC - HVA A
Beryllium — — ND
1, 3- But adi ene o o ND
n- Butyl Al cohol — -SAL, -SC2 ND
Cadmi um — — ND
Cal ci um Chr onat e +SAL, +WP2, +CTB, +CTR,

+CT7, +CTC — A

conti nued.




TABLE 11-19.

RESULTS OF SCORI NG FOR MUTAGENI CI' TY, conti nued

Chemi cal POSI Tl VE NON- POsI TI VE
Name RESULTS' RESULTS' Scor e?
Carbon Tetrachl ori de +YEH, +YEC, +YER - SAL, -SPI C
Chl or dane +PGM — D
Chl orine — — ND
Chl or obenzene — —_— ND
Chl or oet hane — — ND
Chl orof orm +YEC, +YEH, +YER -V79, -CT7 C
Chl or opr ene +SRL, +CT7, +SPA — C
Chromic Acid — — ND
Chromi um (Met al ) — — ND
Chromi um (VI) Conpounds — — ND
p- Cresol —_— —_— ND
Cycl ohexane — -SAL, -CT7 ND
o- Di chl or obenzene — — ND
P- Di chl or obenzene +PYC — D
1, 2- Di chl or oet hane +SAL, +SRL, +CT7, +DAC,

+DAG, +REI — A
1, 2- Di chl or oet hyl ene — e ND

continued .




TABLE [11-19. RESULTS OF SCORI NG FOR MJTAGENI CI TY, conti nued

Chemi cal POSI TI VE NON- POSI Tl VE
Name RESULTS * RESULTS! Scor e?
Di chl or onet hane +SAL, +YEH, +YEC, +CTR,

YER - SRL B
1, 2-Di chl or opr opane +SAL — C
Di et hyl am ne — — ND
Di - (et hyl hexyl ) pht hal ate |+DLT — B
Di met hyl f or mani de — -CIC, -SPI, -UDP ND
1, 4- Di oxane — -CTY ND
Di phenyl +SC2 -YEH, -UDH, -UDP D
Di phenyl am ne +CT7 — C
Epi chl or ohydri n +SAL, +SRL, +CY8, +CY7,

+REl , +YEY, +YEZ, +NEF, +NER (- SPH, - SPI A
Et hanol +DLT, +PGM +PYC -MWNT, -SAL, -CYB, -SC C

-SCL, -SC2, -CIC, -CIR
- ASF, -NEN, -SPI

Et hyl Acetate — — ND
Et hyl Acryl ate — — ND
Et hyl Benzene — -CT7 ND
Et hyl ene d ycol — -SAL, -CT7, -NEN ND

conti nued .




TABLE 11-19. RESULTS OF SCORI NG FOR MJUTAGENI CI TY,

conti nued

Chemi cal POSI TI VE NON- POSI TI VE RESULTS! Scor e?
Nane RESULTS' RESULTS
Et hyl Et her +REI - ASF, - SPI D
Fl uori de — - CY% ND
For mal dehyde +SRL, +DHT, +YEC, +REl, — B
+YER, +NER
Hept achl or +PGM — D
Hexachl or ocycl opent adi ene — — ND
Hexachl or oet hane — — ND
Hexachl or ophene — — ND.
2- Hexanone — — ND
Hydr azi ne +SAL — C
Hydr ogen Chl ori de — -CT7 ND
Hydr ogen Fl uori de +SRL — C
Hydr ogen Sul fi de — — ND
| soanyl Acetate — — ND
| sobutyl Acetate — — ND
| sobut yl Al cohol — — ND

conti nued .




TABLE 11-19. RESULTS OF SCORI NG FOR MJUTAGENI CI TY, continued

Chemi cal POSI TI VE NON- POSI Tl VE

Name RESULTS! RESULTS! Scor e?
| sopropyl Acetate — ND
Lead +SPH =Cv#, -CY7 D
Lead Subacetate — — ND
Li ndane +YEC, +PYC C
Mal ei ¢ Anhydri de — ND
Met hanol — -SC2, -CIC, -CI7 E
2- Met hoxy Et hanol — — ND
Met hyl Acryl ate — — ND
Met hyl Brom de — ND
Met hyl Et hyl Ketone — — ND
Met hyl | sobutyl Ketone — — ND
Met hyl Met hacryl ate — — ND
M rex — -DLT ND
Napht hal ene — -SAL, -CTR, -CTK ND
Ni ckel — — ND
Ni ckel Oxide — — ND
Ni t robenzene — — ND

continued .



TABLE 11-19. RESULTS OF SCORI NG FOR MUTAGENI CITY, continued
Chemi cal POSI TI VE NON- POSI TI VE
Narme RESULTS? RESULTS! Scor e?
Pent achl or ophenol +YEC, +CT7, +YEF -MST, -SAL, -HWA, -YEH |D
Phenol — - NER ND
Phosphoric Acid — -CT7 ND
Pht hal i ¢ Anhydri de — — ND
PCBs — — ND
Propyl Al cohol — - SC2 ND
Propyl ene Oxi de +SRL, +CT7, +YEZ, +NER -DLT C
Resor ci nol +PYC -SAL, -NEN D
Sel eni um — — ND
Sel eni um Sul fi de — — ND
Styrene +SAL, +SRL, +HWVA, +CY8,

+MN7, +YEC, +M\P -Vv79, -CT7, -UDH A
Sul furic Acid — — ND
1, 1,2, 2-Tetrachloro-1, 2-
di f I uor oet hane — — ND
1, 1, 2, 2-Tetrachl oroethane |[+YEH, +YEC, +REl, +YER - SPI C
Tet r achl or oet hyl ene +YEH, +YEC, +YER, +CTR -CT7 C

conti nued




TABLE 11-19. RESULTS OF SCORI NG FOR MJUTACGENI CITY, continued

Chem cal POSI TI VE NON- PGSI Tl VE
Name RESULTS! RESULTS! Scor e?
Tet r ahydr of ur an — — ND
Tol uene — -sa, -CT7, -SPI E
Tol uene Diisocyanate — — ND
o- Tol ui di ne +RElI, + CIR -YEH, - SPI C
1,1, 1-Trichl or oet hane +CTR - SPI C
1,1, 2-Trichl oroet hane — — ND
Tri chl oroet hyl ene +MST, +HMA, +YEH, +YEC,

+CTR, +YER, +PGM +SPI - SRL A
2, 4, 6-Trichlorophenol +YEF -MST, -SAL, -YEH, -YEC D
Tri et hyl am ne — ND
Vanadi um — — ND
Vanadi um Pent oxi de +REW — C
Vi nyl Acetate +CT7 - SAL C
Vi nyl Chloride +SAL, +SRL, +CY8, +YEC,

+RE2, +YEY, +PGM -MST, -DLT, -DHT, -YEH B
Vi nyl i dene Chl ori de +SAL, +PGM -DLT C
Xyl enes (m, o-, p-| soners) — - SCL ND

1. Test results from EPA Gene- Tox Program 5/87
2. Score based on wei ght-of -evidence, as presented in Table |I-18.



First, one positive result in a group Ill assay nmay not
be sufficient to classify the potential nutagenicity of a
substance for humans, but it may be useful as supporting
evi dence of carcinogenicity. The sane may be true for a set
of inconclusive results. This systemalso makes it possible
to identify data gaps and i nconsi stenci es.

Second, the distinction highlights the nmessage to a
ri sk manager that "low score"” is not necessarily equival ent
to "low risk™ and that the specific reasons for assigning a
| ow score to a substance are variable. |In general, aside
fromthe high proportion of chemcals for which no data
coul d be found, the nethodol ogy produced a relatively even
spread of scores fromAto EE Wile |lower scores are nore
numer ous, each wei ght-of -evi dence category is well
represented. This indicates that the nethodology is
sensitive to different types of evidence and is able to
di stingui sh between them

9. Sunmary

Few effects are as potentially dangerous, yet difficult
to nmeasure or prove, as human nutagenicity. Epidem ol ogica
data have been of little value thus far, although popul ation
monitoring for specific endpoints is currently being
advocated (NRC, 1983; Smith, 1982; Brusick, 1982; MLean et
al ., 1982; Buffler, 1982). It is hoped that nore studies of
this type can be undertaken in the future. Because of the
severe health inplications of nutagenicity, and the need for
efficient and inexpensive test methods, a | arge nunber of
bi oassays have been devel oped for identifying potenti al
human nmut agens. CHEM uses a battery of |ong-term and
short-term screeni ng assays to assess nutagenicity, each of
whi ch has been extensively reviewed by Gene-Tox and ot her
groups. The tests are divided into three groups, reflecting
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overall relevance to assessing hazards to humans. A score
for each chem cal is derived by weighing a nunber of

vari abl es, including the nunber and type of endpoints
nmeasur ed, the nunber and type of species represented, the
significance of positives and non-positives reported, the
rel evance of specific tests for predicting effects in
humans, the group classification of each test result and
overall pattern presented. Non-positive results are always
consi dered, but scoring is nore a function of the nunber and
type of positives reported for various endpoints and

bi ol ogi cal systens.

Unli ke other health effects categories, potency and
severity of effect are not included. The nutagenicity score
is basically descriptive, representing a relative
wei ght - of - evi dence cl assification, since quantitative data
are generally not available. dearly, nutagenicity
assessnment is in a state of rapid progress, and any
assessnment nmethod will require periodic review
Nevert hel ess, the Departnent believes that the procedures
and assunptions outlined represent a valid approach to
assessi ng potential human nutagens, | acking direct human
evidence, and in the face of nyriad variabl es which nust be
i ndi vi dual Iy wei ghed.

131



10. References for Mutagenicity

Bi shop, J.B. and R L. Kodell. 1980. The heritable translocation
assay: |Its relationship to assessnent of genetic risk for
future generations. Teratog. Carcinog. and Mutag. 1:305-332.

Bora, K. C. 1976. A hierarchical approach to nutagenicity
testing and regul atory control of environnental chem cals. Mit.
Res. 41:73-82.

Brockman, H E., F.J. de Serres, T. Ong, DM DeMarini, A J. Katz,
AJ.F. Giffiths, and R Stafford. 1984. Mitagen tests in

Neur ospora crassa: A report of the U S. Environnmental Protection
Agency CGene-Tox Program Mit. Res. 133:87-134.

Brusick, D.J. 1982. Value of short-termmutagenicity tests in
human popul ation nmonitoring. |In Chem cal Mitagenesis, Human
Popul ati on Monitoring and Genetic Ri sk Assessnment. Vol. 3. Ed.
by K.C. Bora, G R Douglas, and EER Nestman. New York

El sevi er Bi onedi cal Press. pp. 125-135.

Buffler, P.A 1982. Epidem ologic procedures as aids in

popul ation nonitoring for detection of nmutagens. |In: Chem cal
Mut agenesi s, Human Popul ati on Monitoring and Cenetic Risk
Assessnent. Vol. 3. Ed. by K C Bora, GR Douglas, and E. R
Nest man. New York: Elsevier Bionedical Press. p. 225-247.

Carter, C. O 1982. Contribution of gene nutations to genetic

di sease in humans. In: Progress in Miutation Research: Chem cal
Mut agenesi s, Human Popul ati on Monitoring and Cenetic Risk
Assessnent. Vol. 3. Ed. by K C Bora, GR Douglas, and E.R
Nest man. New York: El sevier bionedical Press. pp. 1-8.

Clive, DD, R MCuen, J.F.S. Spector, C Piper, and K>H>
Mavournin. 1983. Specific gene nutations in L5178Y cells in
culture: A report of the U S. Environnental Protection Agency
Gene-Tox Program Mit. Res. 115:225-251.

Comm ttee of the European Environmental Mitagen Society. 1978.
Mut ageni city screening: Ceneral principles and minimal criteria.
Mut. Res. 53:361-67.

Constantin, MJ., and R A N lan. 1982a. Chronpsone aberration
assays in barley (Hordeumvulgare): A report of the U S.

Envi ronmental Protection Agency CGene-Tox Program Mit. Res

99: 13- 36.

Constantin, MJ., and R A N lan. 1982. The

chl orophyl | -deficient nutant assay in barley (Hordeum vul gare):
A report to the U S. Environnmental Protection Agency Gene-Tox
Program Miut. Res. 99:37-49.

132



Constantin, MJ. and E.T. Onens. 1982. Introduction and
perspectives of plant genetic and cytogenetic assay: A report of
the U. S. Environmental Protection Agency Gene-Tox Program  Mit.
Res. 99:1-12.

Garrett, NNE., HF. Stack, MR Goss, and MD. Waters. 1984.
An anal ysis of the spectra of genetic activity produced by known
or suspected human carci nogens. Mit. Res. 134: 89-111

Genetic Toxi col ogy Program (CGene-Tox). U.S. Environnental
Protecti on Agency. 1984. Conputerized nutagenicity bi oassay
results file fromGak Ridge, TN. (Updated 2/87 C 1.S.)

Gant, WF. 1982. Chronosone aberration assays in Allium A
report of the U S. Environmental Protection Agency Gene- Tox
Program Mit. Res. 99:273-291.

Hook, E.B. 1982. Contribution of chronposone abnormalities to
human norbidity and nortality and sonme comments upon surveillance
of chronmpbsome nutation rates. In: Progress in Mitation
Research: Chem cal Mitagenesis, Human Popul ati on Monitoring and
Genetic Ri sk Assessnment. Vol. 3. Ed. by K C. Bora, G R Dougl as,
and E. R Nestman. New York: Elsevier Bionedical Press. pp.

9- 38.

I nternational Agency for Research on Cancer (1ARC). Wirld Health
Organi zation. 1980a. Long-term and short-term screeni ng assays
for carcinogenesis: A critical appraisal. [|ARC Mnographs on
the Eval uation of the Carcinogenic R sk of Chem cals to Humans.
Suppl enrent 2. Lyon, France.

I nternational Agency for Research on Cancer (1ARC). Wirld Health
Organi zation. 1980b. Ml ecul ar and cel lul ar aspects of
carcinogen screening tests. |1ARC Scientific Publications No. 27.
Ed. by R Montesano, H Bartsch, L. Tomatis. Lyon, France.

I nternational Agency for Research on Cancer. (l1ARC). Wrld
Heal th Organi zation. 1982a. | ARC Mnographs on the Eval uation
of the Carcinogenic Risks of Chemicals to Humans. | ARC

Monogr aphs Suppl enrent 4. Lyon, France.

I nternational Agency for Research on Cancer. (I1ARC). Wrld
Heal th Organi zation. 1982b. Sone Industrial Chem cals and
Dyestuffs. Vol. 29. Lyon, France.

I nternational Agency for Research on Cancer. (I1ARC). Wrld
Heal th Organi zation. 1983. Modul ators of Experi nent al

Carci nogenesis. | ARC Scientific Publication No. 51. Lyon,
France.

I nternational Conmm ssion for Protection Agai nst Environnental
Mut agens and Carci nogens. (ICPEMC). 1980. An evaluation of the
genetic toxicity of dichlorvos. Mit. Res. 76: 297-3009.

133



I nternational Conm ssion for Protection Against Environnental

Mut agens and Carci nogens. (ICPEMC). 198la. Editorial

I ntroduction to papers produced by Conmttee 2 of | CPEMC on: The
rel ati on between carcinogens and mutagens. Mit. Res. 86:305-6.

I nternational Commi ssion for Protection Agai nst Miutagens and
Carci nogens. (ICPEMC). 1981b. An evaluation of the genetic
toxicity of epichlorohydrin. Mit. Res. 87:299-319.

I nternational Conmmi ssion for Protection Against Environnental

Mut agens and Carci nogens (I CPEMC). 1983a. Editoral introduction
to papers produced by the new Conmittee of | CPEMC on: The

devel opment and i npl enentation of a schenme to anal yze and
interpret short-termgenetic test battery results. Mit. Res.

115: 175-176.

I nternational Comm ssion for Protection Agai nst Environnental

Mut agens and Carci nogens. (I CPEMC). 1983b. Conparison of types
of chem cally induced genetic changes in manmals. Mit. Res. 115:
293- 321.

I nternational Conm ssion for Protection Against Environnental

Mut agens and Carci nogens. (ICPEMC). 1983c. Screening strategy
for chemcals that are potential germcell nutagens in mammals.
Mut. Res. 114: 117-177.

I nternational Comm ssion for Protection Agai nst Environnental
Mut agens and Carci nogens. (ICPEMC). 1984. Report of | CPEMC
Task Group 5 on the differentiation between genotoxic and
non- genot oxi ¢ carci nogens. Mit. Res. 133: 1-49.

Kafer, E., B.R Scott, GL. Dorn, and R Stafford. 1982.
Aspergillus nidulans: Systens and results of tests for chem cal
i nduction of mtotic segregation and nmutation. |I. Diploid and
duplication assay systens. A report of the U S. Environnental
Protecti on Agency Gene-Tox Program Mit. Res. 98: 1-48.

Knudson, A. 1971. Mitation and cancer: Statistical study of
retinoblastoma. Proc. Natl. Acad. Science, USA: 68: 820-823.

Koufos, A., Hansen, MF., Lampkim B.C , Wrkman, ML., Copel and,
N. G, Jenkins, N A, Cavenee, WK. 1984. Loss of alleles at |oc
on human chronosone 11 during genesis of WInms tunor. Nature.
309: 170-172.

Konolo, K., Chiliote, RR, Maurer, H'S., and Row ey, J.D. 1984.

Chronosomal abnormalitities in tunor cells frompatients with
sporadic WIms tunor. Cancer Research 44: 5376-5381.

134



Latt, S.A, J. Allen, S.E. Bloom A Carrano, E. Fal ke, D. Kram
E. Schneider, R Schreck, R Tice, B. Witfield, and S. Wl ff.
1981. Sister-chromatid exchanges: A report of the Gene-Tox
Program Miut. Res. 87: 17-62.

Lee, WR , S. Abrahanson, R Valencia, E.S. von Halle, F.E
Wirgler and S. Zimmering. 1983. The sex-linked recessive |ethal
test for nutagenesis in Drosophila nelanogaster: A report of the
U.S. Environnentl Protection Agency Gene-Tox Program Mit. Res.
123: 183-279.

Legator, MS., E Bueding, R Batzinger, T.H Connor, E

Ei senstadt, MG Farrow, G Fiscor, A Hsie, J. Seed, and R S
Stafford. 1982. An evaluation of the host-nedi ated assay and
body fluid analysis. A report of the U S. EPA Gene-Tox Program
Mit. Res. 98: 319-374.

Leifer, Z, T. Kada, M Mandel, E. Zeiger, R Stafford, and H S
Rosenkranz. 1981. An evaluation of tests using DNA
repair-deficient bacteria for predicting genotoxicity and
carcinogenicity: A report of the U S. Environnental Protection
Agency Cene-Tox Program Mut. Res. 87: 211-297.

Loprieno, N., R Barale, E.S. von Halle and R C. von Borstel.
1983. Testing of chemcals for nmutagenic activity with

Schi zosaccharonyces ponbe: A report of the U S. Environnental
Prot ection Agency Gene-Tox Program Mit. Res. 115: 215-223.

Ma, T. 1982a. Tradescantia cytogenetic test (root-tip mtosis,
pollen mtosis, pollen nother cell neiosis): A report of the
U.S. Environnental Protection Agency. Mit. Res. 99: 293-302.

Ma, T. 1982b. Vicia cytogenetic tests for environnental
nmut agens: A report of the U S. Environnental Protection Agency
Gene-Tox Program Miut. Res. 99: 257-71.

McLean, J.R, RS MWIlianms, J.G Kaplan, and H C. Birnboim
1982. Rapid detection of DNA strand breaks in human peri pheral

bl ood cells and animal organs follow ng treatnent wth physi cal
and chem cal agents. 1In: Chem cal Mitagenesis, Human Popul ation
Monitoring and Genetic R sk Assessnent. Vol. 3. Ed. by K C

Bora, G R Douglas, and EER Nestnman. New York: El sevier

Bi onedi cal Press. pp. 137-141.

McCann, J., L. Horn, and J. Kaldor. 1984. An evaluation of

Sal nonel la (Ares) test data in the published literature:
Application of statistical procedures and anal ysis of nutagenic
pot ency. Mut. Res. 134: 1-47.

135



Mtchell, A D, D A Casciano, ML. Meltz, D E. Robinson, RHC
San, GM WIllians, and E.S. von Halle. 1983. Unschedul ed DNA
synthesis tests. A report of the U S. EPA Gene-Tox Program
Mut. Res. 123: 363-410.

Nat i onal Acadeny of Science (NAS). National Research Council.
1977. Drinking Water and Health. Vol. 1. Washington, D.C.
Nat i onal Acadeny Press.

Nat i onal Research Council (NRC). Environnmental Studies Board.
1975. Principles for Evaluating Chemcals in the Environment.
Washi ngton, D.C. National Acadeny of Science Press.

Nat i onal Research Council (NRC). Comittee on Chem cal

Envi ronnmental Miutagens. 1983. ldentifying and Estimating the
Genetic | npact of Chem cal Mutagens. Washington, D.C. National
Acadeny of Science Press.

Pienta, R J., L.MKushner, and L.S. Russell. 1984. The use of
short-termtests and |limted bioassays in carcinogenicity
testing. Reg. Toxicol. Pharmacol. 4: 249-260.

Plewa, J.J. 1982. Specific-locus nutation assays in Zea mays: A
report of the U S. Environnmental Protection Agency Gene- Tox
Program Miut. Res. 99: 317-337.

Redei, G P. 1982. Mitagen assay with Arabidopsis: A report of
the U S. Environmental Protection Agency Gene-Tox Program Mit.
Res. 99: 243-255.

Russell, WL. Factors affecting nmutagenicity of ethylnitrosourea
in the nouse specific-locus test and their bearing on risk
estimation. In: Environnental Mitagens and Carci nogens. 1982.

Ed. by T. Suginmura, S. Kondo, and H Takebe. New York: Alan R
Li ss pp. 59-70.

Russell, L.B., P.B. Selby, E. von Halle, W Sheridan, and L

Val covic. 1981. The nouse specific-locus test with agents other
than radiations. Interpretation of data and recommendati ons for
future work. Mit. Res. 86: 329-354.

Sankar anar ayanan, K. 1982. Determ nation and eval ution of
genetic risks to humans from exposure to chemcals. In:

Chem cal Mut agenesi s, Human Popul ati on Monitoring and Cenetic
Ri sk Assessnment. Vol. 3. Ed. by K C Bora, GR Douglas, and
E.R Nestnman. New York: Elsevier Bionedical Press. pp.

289- 321.

136



Siematycki, J. 1982. Using epidem ol ogi cal data to di scover
her et of ore unsuspect ed occupati onal carcinogens. 1In: Chemcla
Mut agenesi s, Human Popul ati on Monitoring and CGenetic risk
Assessnent. Vol. 3. Ed. by K C. Bora, GR Douglas, and E. R
Nest man. New York: Elsevier Bionedical Press. pp. 99-105.

Smth, ME 1982. Value of record |inkage studies in identifying
popul ations at genetic risk and relating risk to exposures. In:
Chem cal Mitagenesi s, Human Popul ation

Moni toring and Genetic Ri sk Assessnment. Vol. 3. Ed. by K C
Bora, G R Douglas, and EER Nestnman. New York: Elsevier
Bi onedi cal Press. pp. 85-98.

Sobel s, F.H 1977. Sone problens associated with the testing for
envi ronnment al nut agens and a perspective for studies in
"conparative nutagenesis." Mit. Res. 46: 245-260.

Sobel s, F.H 1982. The parallelogram An indirect approach for
t he assessnent of genetic risks fromchem cal nmutagens. In:
Chem cal Muitagenesi s, Human Popul ati on Monitoring and Genetic

Ri sk Assessnent. Ed. by K C. Bora, G R Douglas, and E. R

Nest man. New York: Elsevier Bionedical Press. pp. 323-327.

Thilly, WG 1985. Potential use of gradient denaturing gel

el ectrophoresis in obtaining nmutational spectra from human cells.
In: Carcinogenesis, Vol. 10. Ed. by E. Huberman and S.H Barr.
New York: Raven Press. pp. 511-528.

TSCA I ndustry Assistance. Ofice of Toxic Substances. U.S.
Envi ronnmental Protection Agency, Washington, D.C. TS 794.

U.S. Environnental Protection Agency (USEPA). 1979. Water
Quality Criteria. Federal Register. 44: 15926-15981.

U.S. Environnental Protection Agency (USEPA). 1980. O fice
Research and Devel opnent. Reproductive Effects Assessnent G oup

Mut agenicity risk assessnent proposed guidelines. Fed. Register
45 (221): 74984-74988.

U.S. Environnental Protection Agency (USEPA). 1984. Proposed
gui delines for nmutagenic risk assessnent. Federal Register. 49:
46314- 46321.

Van't Hof, J. and L. A Schairer. 1982. Tradescantia assay
system for gaseous nutagens: A report of the U S. Environnental
Protection Agency Gene-Tox Program Mit. Res. 99: 303-315.

Vig, B.K 1982. Soybean (Aycine max [L.] Merrill) as a
short-term assay for study of environmental nutagens: A report
of the U.S. Environnental Protection Agency Gene-Tox Program
Mut. Res. 99: 339-347.

137



Waters, MD., NE Garrett, CM covone-de Serres, B.E Howard,
and H F. Stack. 1983. Cenetic toxicology of some known or
suspected human carcinogens. In: Chem cal Mitagens: Principles
and Methods for Their Detection. Vol. 8. Ed. by F.J. de Serres.
New York: Plenum Press 1983. pp. 261-341.

Wi sburger, J.H and GM WIllianms. 1981. Carcinogen testing:
Current problens and new approaches. Science. 214: 401-407.

Wight, A S. 1980. The role of netabolismin chem cal
nmut agenesi s and chem cal carcinogenesis. Mit. Res. 75: 215-241.

Wrobek, A J., L.A CGordon, J.G Burkhart, MW Francis, RW
Knapp Jr., G Letz, HV. Malling, J.C Topham and M D. Whorton.

1983. An eval uation of human sperm as indicators of chemcally
i nduced alterations of spermatogenic function. A report of the
U.S. Environnental Protection Agency Gene-Tox Program Mit. Res.
115: 73-148.

Wrobek, A J., L.A CGordon, J.G Burkhart, MW Francis, RW
Kapp Jr., G Letz, HV. Malling, J.C Topham and M D. Worton.
1983. An evaluation of the nouse sperm norphol ogy test and ot her
spermtests in nonhuman mammals. A report of the U S

Envi ronnental Protection Agency Gene-Tox Program Mit. Res. 115:
1-72.

Zi mmermann, F. K., RC. von Borstel, ES von Halle, J.M Parry,

D. Siebert, G Zetterberg, R Barale and N. Loprieno. 1984.
Testing of chemcals for genetic activity with Saccharomnyces
cerevisiae: A report of the U S. Environnental Protection Agency
Cene-Tox Program Miut. Res. 133: 199-244.

138



11. MUTAGENI CI TY WORKSHEET

The purpose of the nutagenicity worksheet is to record
nmut agenicity test results, which are used in scoring. Al
results recorded and used in the future. The tests are
divided into three groups, representing the tiering system
devel oped by the Departnent (see Part Il, section E). The
three groups are: manmalian, in vito tests; primary short-
termtests; and secondary short-termtests. The 73 GENE- TOX
tests are listed by three-character code on the worksheet.
Two of the codes, "DSM' and "DCA", are listed in quotes
because they were assigned by the Departnent and bring the
total nunber of tests reviewed to 75. Al 73 remaining
codes are those used by GENE-TOX. Full test nanes and
correspondi ng codes are those used by GENE-TOX. Full test
names and correspondi ng codes are provided on a separate
sheet following this introduction. The scoring mnethodol ogy,
presented in Table 11-18, is reproduced here to facilitate
the review of the worksheets.

At the top of the worksheet, the follow ng information
is included: Chem cal name, CAS Registry Nunber, score
received (A-E) and date worksheet was conpleted. The
wor ksheet contains five colums. The purpose of each is
descri bed bel ow.

Codes: Test nanes are designated by 3-character code,
assi gned as descri bed above. To avoid
doubl ecounting, tests nmeasuring simlar endpoints
using simlar biological test systens have been
grouped together on the sanme line (e.qg.,
SC1/ SCW SCL) .

System Bi ol ogi cal test system (species) used in a given
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foll ows:

Endpoi nt :

test is indicated, designated by a letter as

A = human, in vivo

B = other mammal, in vivo
C = human, in vitro

D = other mammal, in vitro
E = bacteria

F = Drosophila

G = fungi

H = plants

Type of nutagenic effect neasured by the

test. Effects are divided into four broad

Resul t s:

categories by GENE-TOX, and coded as foll ows:
G = gene nmutation
C = chronpsomal effect

Test results reported by GENE-TOX are recorded
here. Results are divided into two col umms:

"I nternmedi ates” and "Final". The purpose of the
"internedi ates” colum is to provide a place to
record individual test results when nore than one
test is listed on the sane line, but only one
conposite designation of positive (+) or non-
positive (-) will be made in the "final"™ colum
for exanple, the tests designated as SCI, SCW
and SCL (sister chromatid exchange in various
human cel |l s) were grouped together by the
Departnent because they are virtually identical

Wi th respect to species used and endpoi nt
measured. For benzene, GENE-TOX reports non-
positive results in SCL and SCL and not hing for
SCW because it has not been tested. These
results are recorded in the "internedi ates col um
as: "- // -", meaning non-positives in the first
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and third tests, no results in the second test.
The conposite result designation is then a single
non-positive (-) recorded under the "final"
colum. Dividing the results colum in this way
allows the Departnent to record all avail able
results, even though only a single conposite is
used for scoring. Scores are assigned as
indicated in Table I1-1g. Equivocal results,
designated by "T', are also recorded under the
“final" results col um.

Comments: Additional information, such as dose-response
not ati ons or equivocal results, is |isted here.
In the future, data fromprinmary sources wll
al so be reported here.
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MUTAGENICITY WORKSHEET INITIAL:
FOR: CAS CODE:
DATE: SCORE:

CODES SYSTEM ENDPOINT RESULTS COMMENTS

INTERMEDIATES FINAL

GROUP I: MAMMALIAN, IN VIVO

SLT
MST
‘DSM’
DCA'
DLT
HTT
MNT

G

U W 0 W@
OO 002

G

GROUP II: PRIMARY SHORT - TERM TESTS)

V79

CHO

LSl

SAL

WP2/WPU

SRL

HMA B/E

CY5/CY8 A

CY#/ICY% B

CYO/CY9 B

CY7/CYZ C

CY& D

MN7 C
D
E
A
C

mmmQo O

MN&

DHT

SCY

SCI/SCW/SCL
SC3/sC2 B/D
ASG G
YEH/YEC G
RE2/REI E
REW/REX E N

Z 0000000000000 220

GROUP lll: SECONDARY SHORT TERM TESTS

YEF/YER/YEY/YEZ G
ASF/ASR G
NEF/NER

PGM

BFU
DAC/DAP/DAG
YEN/ASN/NEN
MNP

PYC
SPI/SPR/SPA
SPF

UDH

upT

UDP

OO0 O @I I OT>» IO
Z2Z2Z2ZX X0O000222<2

LEGEND

ENDPOINT SYSTEM

A= Human, in vivo D= Other Mammal, in vitro
N= DNA-related effects several endpoints B= other mammal in vivo E= Bacteria ~ G= Fungi

C= Chromosomal Effects X= Ancillary Tests Cs Human, in vitro F=Drosophila H= Plants




Devel opnental and Reproductive Toxicity

1. | nt roducti on

Conception, survival and heal thy adul t hood depend on
the integrity of the reproductive process. It is well
established, particularly in the case of pharnaceuti cal
agents, that chemi cal exposure can be hazardous to that
process, and the high incidence of human reproductive and
devel opnent al probl ens represents a nmajor health concern
For exanple, it is estimated that as many as 50% of human
conceptuses fail to survive to term (Di xon, 1980; Hertig,
1967) and approximately 3% of livebirths are associated with
sone devel opnental defect (USEPA, 1982, Mellen and
Kat zenstein, 1964). Ohers are born with functional
anonal i es of the nervous, respiratory, gastrointestinal, or
i mmunol ogi ¢ systens, which nmay be due to environnental
chemi cal exposures in utero (McKeown and Record, 1963). It
i s thought that 20% of human congenital nmalformations are
attributable to nutations, 10%to known environnental
factors (e.g. drugs, diet, chem cal exposures), and the
remai nder to unknown causes (USEPA, 1984; W/ son, 1977).

Li ke carcinogenicity and nutagenicity, devel opnental
and reproductive toxicity is not a single entity, but rather
a diverse collection of adverse health effects. Al living
organi snms are susceptible to those effects, which may not
beconme apparent until long after birth. Understanding the
reproductive process, and identifying specific chem cal
hazards is therefore a conplicated task. Mreover, while
the thalidom de di saster of the 1960s, discoveries
concerning DES, and exposures to toxic wastes in Love Canal
N. Y. State Departnent of Health, 1981) have served to focus
public attention on these matters, the science of
devel opnental and reproductive toxicity is still relatively
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new. Very little human data exist, and identifying
appropriate ani mal nodel s has been problematic. For a
nunber of reasons then, the devel opnental and reproductive
toxicity category has been nore difficult to establish than
any other health effect category in CHEM The probl ens
encountered include the foll ow ng:

o] Definition - definitions of effects can vary
consi derably, depending on the perspective of the
i ndi vi dual, group, or agency conducting the study.
Thus, the same effect may be classified as
"teratogenic" by one investigator, and as "fetotoxic"
by another. In the literature, ternms such as
mal f or mati ons, deformations, anonualies, aberrations,
and devi ations are comonly used, but are neither
uni versally defined nor applied. In addition,
judgnents concerning the rel evance of a particular
effect, and its applicability to humans, often reflect
di fferences of opinion. The |ack of standardized
definitions nakes it difficult to accurately classify
effects.

0 Choi ce of animl nobdel - no one animal nodel is

uni versally appropriate, and selecting a test species
for a given chem cal exposure involves nuch
uncertainty. Extrapolating fromaninmals to humans
involves the sanme difficulties encountered in other
health effects categories, but with an added | ayer of
conplexity since placental systens differ anong ani nal
species. As a result, responses tend to be

speci es-specific and data fromvari ous species are nore
difficult to evaluate and conpare.

o] Low dose extrapolation - there is no widely accepted

mat hemat i cal nodel avail able for extrapol ating from

143



hi gh-dose to | ow dose exposures in the eval uation of
devel opnmental or reproductive effects. Neverthel ess,
to conpensate for the small nunber of aninmals tested,
and to increase the likelihood of detecting responses,
hi gh doses are generally used in experinental studies.

Even in clinical and occupational settings doses are
likely to be high, and this limts the understandi ng
and eval uation of potential |ow dose effects.

Research protocols - the data are difficult to

interpret collectively due to the |ack of standardized
research protocols for devel opnental and reproductive
toxicity studies. Thus, while both the EPA (1984) and
FDA (1972) have recomended gui delines for testing,

t hese protocols are not consistently used. When
experinmental procedures vary, there is no assurance
that apparently simlar studies are indeed conparable.
It then becomes inportant to evaluate not only the
results of testing, but also the adequacy of the
experinmental design itself.

Reporting of effects - w thout adequate reporting and

t hor ough docunentation of all findings, it can be
difficult to differentiate true devel opnental effects
fromeffects which occur secondary to nmaterna
toxicity. Inconplete investigation or reporting can
then lead to m sclassification of effects.

Subjectivity - nore than the other health effects

categories evaluated in CHEM the assessnent of

devel opnental and reproductive effects involves a great
deal of professional judgenent. |In addition, there is
a subjective elenent in assessing or prioritizing

devel opnmental or reproductive effects, which cannot be
addressed on a strictly scientific basis. Thus,
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opi nions regardi ng which effects are nore likely to
have a greater inpact on those affected and on society
as a whol e are necessarily individualized, and reflect
broad societal and public policy questions - for
exanpl e, whether infertility is nore tragic than

m scarriage or stillbirth, or whether congenital

mal formation is nore tragi c than neonatal death.
Because persuasive argunents are nade on both sides of
this issue, and because of the broader policy
inplications, a definitive, universally-accepted
conclusion is not likely. Therefore, CHEM eval uates
all reproductive and devel opnental effects and attenpts
to define and classify each on a consi stent basis.
Classification is not always easy, however, because
study findings are reported within the context of
investigator bias. This recalls the problem of
definitions, since effects not considered serious are
often not reported, or are reported differently than

t hose considered nore significant. Thus, fetal wastage
is sonetines reported as a teratogenic effect,
sonetinmes as an enbryotoxic or fetotoxic effect, and
sonetinmes left out altogether. This creates obvious
problens for the evaluation of devel opnental and
reproductive hazards.

Despite these obstacles, scientists in the field
are making progress toward identifying devel opnent al
and reproductive toxicants. A grow ng nunber of
chem cals which are encountered primarily in
envi ronnmental or occupational settings are now being
tested by toxicologists. The task facing health
pl anners is how to assess hazards to the human
conceptus on the basis of currently avail abl e dat a.
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2. Definitions and Application of Terns

a. Reproductive Toxicity

Reproductive toxicity is defined in CHEM as any effect

resulting fromparental exposure to a substance which
interferes with conception, gestation, birth, or devel opnent
of offspring to healthy adult life. This category is
broadly defined in order to include the range of adverse
effects of significance to both males and fenal es.
Reproductive hazards to the male include decreased ability
to performthe sex act, norphol ogic change in sex organs,
and decreased fertility due to reduced ganete production,
reduced ganete viability, and/or production of abnormal
ganetes. Fertility hazards for the female are conparable to
those in the male, but susceptibility extends into
pregnancy, when the conceptus is also at risk. Thus, the
male is at risk before and during mating, the fenale is at
risk during mati ng and pregnancy, and the fetus is at risk
from conception onward (Christian, 1983). As applied in
CHEM however, reproductive toxicity refers only to adverse
effects in mal es and fenal es of reproductive age, and
devel opnental toxicity refers to adverse effects to the
concept us.

b. Devel opnental Toxicity

As defined in CHEM devel opnmental toxicity includes
teratogenicity, enbryotoxicity and fetotoxicity, and
postnatal or perinatal devel opnental toxicity. Due to the
w de range of endpoints of significance to the devel opi ng
conceptus, the Departnent found it desirable to group
simlar effects. Use of these three groups nmakes the
revi ew, assessnent, and scoring of nyriad data a nanageabl e
task. Each termis defined and di scussed bel ow.
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(i)

Teratogenicity

A teratogen is defined as any agent that induces
structural mal formations, netabolic or physiologic
dysfunction, or psychol ogi cal or behavioral alterations
in offspring, detected either at birth or in the
i mredi at e postnatal period. Effects occurring or
detected after that tinme are classified under postnatal
or perinatal developnmental toxicity.

Maj or gross visceral or structural nalformations
are generally taken as definite indicators of
teratogenicity since the incidence of these effects is
usually quite low in nature. Thus, normal background
rates for various mal functions are considered in
di stingui shing between major mal formati ons and nore
common variations. This is inportant since nost
species are prone to high background rates of
particul ar skeletal variations. For exanple, mce are
known to have a high incidence of m sshapen sternebrae,
rats to have poorly ossified sternebrae, and rabbits to
have poorly ossified skull bones. Sone variations, such
as reduced or unossified sternebrae or vertebral arches
may be conpletely reversible postnatally. Qhers, such
as extra ribs, or vertebrae at the thoracol unbar
border, may be normal devel opnental variations which do
not cause dysfunction. A variation is usually defined
as a divergence beyond the usual range of structural
constitution, but which may not have as severe an
effect on survival or health as a mal formation.

However, as the EPA points out, "distinguishing between
variations and mal formations is difficult since there
exi sts a conti nuum of responses fromthe normal to the
extrenme variant. There is no generally accepted
classification of malformati ons and vari ati ons".

(USEPA, 1984, p. 46325).
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When m nor mal formati ons occur in the presence of
a major mal formation, or when the mnor nmalformation is
rare for the species being tested, and there is a
statistically significant increase in the incidence of
m nor mal formations in the exposed versus the control
group, the effects are classified as teratogenic in
CHEM However, skeletal and other variations which are
comon in historical control popul ations, and which
represent the only signs of toxicity in a given study,
are not classified as teratogenic. Rather, these
effects are classified under enbryo/fetal toxicity.

Behavi oral and functional abnormalities are
usually classified as teratogenic effects. The
difficulties that arise in evaluating behavi oral
effects involve defining and testing for deviations.

Al t hough there are no universally accepted testing

met hods for behavioral teratology, it is generally
desirabl e that data should include several dose |evels,
and that results should be replicated. The endpoints
commonl y eval uated include notor ability, sociability,
enotionality, and learning ability.

Al terations in physiological function, or in a
specific organ, nay be early indicators of
teratogenicity. In sonme cases, physi ol ogical
alterations affecting functional conpetence may occur
at doses | ower than those produci ng najor structural
mal formati ons or prenatal death, and it is not uncommon
to see both types of effects in studies using nore than
one dose |level (Hutchings, 1978). For exanple, many
clinicians believe that prediabetic states, as neasured
by I ow serum | evels of thyroid hornone, may account for
fetal wastage in sone wonen. Furthernore, hornone
i nhal ances associated with toxic chem cal exposure can
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be teratogenic in thenselves (Goldstein et al., 1984).
Thus, early detection of abnornmal netabolism and/or
hormone I evels in the maternal organi smcoul d provide
an indication of potential birth defects.

The eval uation of functional abnormalities
i nvol ves a range of endpoi nts and neasurenent
t echni ques, since a nunber of organs, systens, and
physi ol ogi cal processes may be affected. Test
paraneters include effects in endocrine systens, immune
conpet ence, xenobiotic nmetabolism and physi ol ogi cal
processes affecting cardi ovascul ar, renal,
gastrointestinal, respiratory or liver function. Table
I1-20 provides exanples of various structural,
behavi oral, and functional abnormalities which are
classified as teratogenic effects in CHEM

(ii) Enbryo/fetal Toxicity

Enbryo/fetal toxicity includes effects on
viability and growth of the devel oping conceptus. In
definition, enbryo/fetal toxicity differs from
teratogenicity both in type and severity of effects.
Whereas teratogenicity covers frank structural
mal f ormati ons and functional or behavioral effects,
enbryo/fetal toxicity pertains to effects on survival
and devel opnent of the enbryo or fetus, as well as
m nor mal formations and reversible abnormalities.

Toxic effects to the enbryo and fetus are nore
commonl y observed than teratogenic effects in
experinmental studies, because teratogenic effects
general ly occur only when the enbryo is exposed during
the relatively brief period of organogenesis and
differentiation. It is difficult for the investigator
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TABLE 11-20. CLASSI FI CATI ON AND EXAMPLES OF
TERATOGENI C EFFECTS

CGeneral Cassifications of Teratogenic Effects*

A. Maj or Mal formations - Gross structural and visceral
anonal i es

B. Mnor Malformations - Qccuring in conjunction with major
mal function in the species tested
(i.e. not a normal variation)

C. Behavi oral /Functional Abnormalities

Exanpl es of Teratogenic Effects

Encephal y
Spina bifida
Cleft palate
Acaudi a (short tail)
Onmphal ocel e (congenital hernia of the navel)
M ssing organ, Malformed organ (e.g. heart with two
chanber s)
Di spl aced organ (of a serious nature)
Abnor mal organ wei ght (of a serious nature)
o Functional alterations - altered biochem stry,
physi ol ogy, etc.
(of a serious nature)
Aortic arch
| mperforate anus
M crognat hi a (abnormal small ness of |ower jaw)
Agnat hia (| ower jaw absent)
A i godactyly (abnormal nunber of fingers or toes)
Syndactyly (fusion of two or nore toes or fingers)

O OO0 O0OO0Oo

o O

O O0OO0OO0O0Oo

Hydr oencephal y

Anopht hal mi a (absence of eyes)

Mental retardation

Abnornmal notor ability, sociability, enotionality,
learning ability

O o0oO0Oo

« Wen found at statistically significant |levels and in the absence of
maternal toxicity




to identify that precise nonent, and provi de exposure
accordingly. As a result, many experinments wll show
no true teratogenic effects, but may denonstrate a
significant incidence of enbryo/fetal effects such as
skel etal variations, decreased fetal size, or fetal
death. In addition to having the potential to
seriously alter normal devel opnent, these effects may
al so represent early indications of overt
teratogenicity. As stated earlier, 50% of human
fetuses fail to reach term 3.0% of newborn children
are found to have one or nore significant malformations
at birth, and by the end of the first year, about 3.0%
nore are found to have serious devel opnental defects
(Di xon, 1980).

Table I'1-21 provides exanples of effects
classified under enbryo/fetal toxicity in CHEM The
effects are divided into two categories ("Severe" and
"Moderate") in order to separate chem cals producing
serious, irreversible, or life-threatening defects from
t hose producing effects considered to be reversible and
not life-threatening. Several skeletal variations are
classified as "severe" enbryo/fetal effects rather than
teratogenic effects because these defects have been
produced in | aboratory animals, and the inplications
for humans are uncertain. "Mderate" enbryo/feta
toxicity includes many effects that can have serious
consequences, but are distinguished from "severe"
ef fects because they are not life-threatening and are
consi dered reversi bl e.

(iii1) Postnatal and Perinatal Devel opnental Toxicity

Wil e teratogenicity refers to effects manifested
i medi ately after birth, postnatal devel opnenta
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TABLE 11-21. CLASSI FI CATI ON AND EXAVMPLES OF EMBRYQ FETAL EFFECTS

|. Severe Enbrvo/ Fetal Effects

o] Lethality
o] Resor pti ons
o] I ndi vi dual skel etal variants (nissing or

poorly ossified sternebrae, vertebra
centers, skull)

o] Abnormal unbilical cord length, transunbilica
di st ance

0 Post inplantation |oss

o] M nor mal formations or variations - commpn in

speci es tested

Il. Mderate Enbryo./Fetal Toxic

Effects
0 Decreased crown-runp | ength
0 Reduced birth weight, weight
gain
0 Ret ar ded physi cal devel opnent
0 Total skeletal variants increased - but no individually

i ncreased incidences that are statistically significant

* When found at statistically significant levels and in the
absence of maternal toxicity.



toxicity refers to the effects on enbryonic, fetal, or
neonat al devel opnent which are nmanifested any tine
after birth (including adul thood), and which result
from exposure prior to, or during, gestation.

Perinatal effects result fromchem cal exposure after

t he period of mmj or organogenesis, and nay be

mani fested at any tinme following birth. In studying
perinatal effects, only dans are used, and exposure may
continue throughout |actation. Effects on |abor and
delivery, lactation, and nursing are eval uated, as well
as nunbers of still-born versus |ive-born, biochem cal
and behavi oral alterations, and gross anomalies. Thus,
post nat al devel opnental toxicity covers a range of
effects, including structural, functional, and

behavi oral abnormalities, any of which may occur as a
result of maternal exposure after the period of major
enbryoni c devel opnent or during nursing.

C. O her Definitions Used in the Devel opnental and
Reproductive Toxicity Category

In addition, other ternms and definitions have been
adopted solely for use in the category of devel opnental and
reproductive effects. For exanple, the term"risk-ratio"

(i ntroduced in subsection 4 below), was created by the
Departnment and is used only in the context of evaluating the
severity of devel opnental effects in CHEM Strictly
speaking, it is not a true ratio of "risk", but of toxic
doses. Likewise, the term LOEL (subsection 4 below) is used
sonmewhat differently in this chapter than el sewhere, and
here refers only to the | owest dose associated with
statistically significant devel opnmental or reproductive
effects reported in a given study, and not the | owest

overall dose associated with those effects. (For purposes
of clarity, the | owest observed effect |level reported in a
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given study is designated as LOELs, in order to distinguish
that value fromthe overall LCEL selected from anong
reported values in all the studies evaluated, and then used
for scoring in CHEM) Thus, a low effect level is generated
in each study, (LCELs) and the one which will be used for
scoring (LOEL) is selected on a case-by-case basis, after
assessing the weight-of-evidence and risk ratio val ues as
wel | .

In addition, certain phrases are used narrowy
t hroughout this chapter for purposes of clarity when there
is sone overlap in termnol ogy. For exanple, when
di scussi ng wei ght - of - evi dence, the term "category" is used
(i.e., Confirmed, Substantial, Suggestive, |nadequate, No
Data), whereas the term"classification" is used when
di scussing the evaluation of data quality (i.e., Adequate,
Supportive, Inadequate). Thus, studies are classified on

the basis of their overall adequacy, and the collective
evidence is then wei ghed and categorized for scoring

pur poses.

3. Toxicity in the Maternal O gani sm

In some cases, signs of teratogenicity or enbryo/feta
toxicity can occur secondary to a toxic effect in the
mat ernal organism An associ ati on between maternal toxicity
and fetal malformation suggests that maternal toxicity may
be inplicated as the cause, rather than the test agent
directly. Based on a large survey of the literature, strong
associ ations were al so noted between maternal toxicity and
enbryo/ fetal deaths and post devel opnental effects (Khera
1985). Conmon indicators of maternal toxicity associated
w th devel opnental effects include |ethargy, weight |oss,
decreased food or water consunption, weight-gain
abnormalities, or death (Khera, 1984). |In order to
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di stingui sh between direct fetal effects and those
potentially related to maternal toxicity, it is necessary to
eval uate fetal effects in the context of maternal effects.

If the pattern of response for maternal toxicity is parall el
to enbryo or fetal toxicity throughout the sane dose range,
this is an indication that the enbryo- or fetal toxicity
stens fromthe primary effects of exposure to the nother,
particularly when both maternal and fetal effects disappear
at | ower doses (Khera, 1984). For exanple, if reduced
mat er nal wei ght gain is observed, and correl ates closely

W th reduced nean pup wei ght over simlar dose ranges, it
may be concl uded that direct enbryo/fetal toxicity has not
occurred. Another exanple of maternal toxicity causing
fetal effects is an "all or none" litter response, where
sone litters are conpletely destroyed and others are not.

In CHEM teratogenic or enbryo/fetal effects observed in the
presence of maternal toxicity are given |ower "weight" in
the final assessnment. Evaluation and scoring of various
effects are described in sub-section 6 bel ow

4. Use of Dose- Response | nformation

Devel opnental and reproductive toxicity are observed

t hroughout a wi de range of doses, depending on the chenical.
Because hi gh doses may not be rel evant to environnental

exposures, it is inportant to note at which | evels adverse
effects occur. In CHEM the | owest observed effect |evel
(LCEL) in a given study is used to eval uate devel opnenta
and reproductive effects. The LOEL is the | owest dose at
whi ch statistically significant effects are observed, and
therefore requires the use of two or nore dose | evels per
treatment group. The LCEL is distinguished potency because
it does not reflect the dose-response curve, and is sinply
an arbitrary, though meaningful, point fromwhich to make
conpari sons anong chemcals. It is arbitrary insofar as it
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is frequently the | owest dose selected by the investigator
for testing. There may well be effects at |evels |ower than
those selected for the study, and therefore, the LOEL can
reflect investigator choice rather than | owest possible
effect level or all-inclusive dose-response curve. Thus,
the LCEL depends on the dose chosen by the investigator.
The investigators' decisions may vary when choosi ng a dose
depending on their specific reason for conducting the study.
The choice of LOEL would be less arbitrary if investigators
chose doses for the sane reason or on the same basis.

An additional component, the "risk ratio”, is used in
assessi ng devel opnental toxicity. The risk ratio conpares
the rel ationship between the adult toxic dose (or exposure)
to the dose (or exposure) affecting the enbryo or fetus. It
is derived by dividing a published LDsg or LG val ue for the
chem cal by the | owest observed effect |evel reported for
the study. An LDsg or LGso i s defined as the | ethal dose or
concentration of a chem cal needed to produce death in 50%
of the exposed animals. The LDsp and LGCso val ue used is
sel ected to correspond exactly to the species and route of
exposure used for the LOEL. Wen nore than one LDsp or LGs
value is available for the sane species and route, the
Department evaluates the data in order to decide which val ue
to select for use. A variety of factors can affect the
val ue of the LDsp and LGso i ncluding species and strain,
experinmental protocol, duration of exposure, gender of test
animal, statistical evaluation, and purity of chem cal
conpounds. Evaluation of the data may provide the
Department with gui dance on the appropriate value to use.

I f no toxicological basis or reason is found when eval uati ng
the literature, the prudent public health decision is to
take the val ue that provides the highest risk ratio val ue.
Thi s conservative approach is used in CHEM when no ot her
basi s exi sts.
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An underlying question when eval uating any
devel opnental effect is whether the chem cal agent was
directly responsible for producing the effect, or whether
the effect observed was secondary (i.e., related to toxicity
in the nother). The risk ratio is used to distinguish
bet ween doses (exposures) that produce effects in the enbryo
or fetus, versus doses (exposures) that produce effects in
the adult. A large risk ratio indicates greater sensitivity
in the fetus as conpared to the adult, and helps to identify
chem cal s of greatest toxicological concern to the
enbryo/fetus. Smaller risk ratios indicate that
enbryo/ fetal effects occurred only at doses closer to |evels
producing toxic effects in the adult. 1In this case, the
risks to the enbryo/fetus can al so be nore easily discerned,
since the nother may denonstrate signs of toxicity. Thus
the risk-ratio represents the nagnitude of difference
bet ween a substance's devel opnental effect and its | ethal
effect, and is designed to identify substances of particul ar
concern due to a wide margi n between doses producing
mat er nal and devel opnental toxicity. It provides an
i ndi cation of the degree of hazard associated with a given
chem cal exposure. By definition, the concept of risk-ratio
does not apply to reproductive toxicity, but only to effects
in the conceptus.

5. Dat a Sour ces

The eval uation of devel opnmental and reproductive
toxicity makes limted use of secondary sources, relying
instead on primary science literature. As discussed
earlier, the lack of standardi zation in term nol ogy,
research protocols, and classification systens precludes
reliance on secondary sources. Rather, secondary sources
such as | ARC, NI OSH, CESARS, and EPA are used only as
bi bl i ographic references to the original literature. The
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Iist of secondary sources used for this purpose appears in
Table I'1-1.

Devel opnental and reproductive toxicity is the only
heal th effect category in CHEM which relies solely on
primary literature. However, using primary literature
necessitates obtaining and evaluating a | arge anmount of
data, and has been a tine-consum ng and conplicated process.

In order to evaluate and use varying types of data in a
rati onal and consistent manner, a nethodol ogy was devel oped
to facilitate that process and includes: description of
test protocols, criteria applied to evaluation of data
quality, assessnent of data quality, and sel ection of
species. Each is discussed bel ow

a. Description of Test Protocols

A key to evaluating data quality is understanding the
research process. Elenents of that process are di scussed
bel ow, in the context of devel opnmental and reproductive
st udi es.

(1) Devel opnental Studies

One of the nost inportant factors in any research
protocol is the proper use of control populations. 1In
animal tests, control animals nust be of the sane
species and strain as test animals, and nmust be treated
identically with respect to feed, housing, and exposure
vehicle. For exanple, if females in the exposed group
are admnistered 1 cc of treated solution by gavage,
the control fermales nust receive 1 cc of untreated
solution by gavage. This is particularly inportant in
terat ol ogy because the vehicle itself (e.g., gavage or
injection) or any foreign substance could cause birth
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(i)

defects. Likew se, the sane |ot of a chem cal should
be used throughout the experinent. Since teratogens
are highly specific, a slight difference or inpurity in
the chemical could alter the results. |If the chemca
is adm nistered by inhalation or in feed, it is

i nportant to note how dose was cal cul ated for each
animal or group. In addition, for an experinment to
represent a true test of teratogenicity, rather than a
test of acute maternal toxicity, the chem cal should be
adm ni stered at the appropriate stage of gestation and
not hers shoul d be carefully nonitored. Table I1-22
lists commonly used ani mal species and critical periods
for adm nistration of test substances. Oher criteria
used in the evaluation of data include statistical
significance, nunber of animals used (statistical
power), biol ogical endpoints eval uated, and test

met hods. Each of these is inportant in determ ning how
representative the study is, and how likely it is that
the findings are valid.

Reproductive Toxicity Studies

The assessnent of fertility and reproductive
hazards for males and fenal es invol ves a range of
processes and organ systens. |In addition, nmany effects
are not independent, and an increase in one del eterious
effect may in turn produce another type of effect.
There are two mgjor testing categories for evaluating
fertility and reproductive toxicity resulting from
chem cal exposure: mating and non-mating studies.
Typically, non-mating studies in males evaluate effects
on testes' weight, norphol ogy, histol ogy, and
bi ochem stry, as well as spermnotility. Non-mating
studies in femal es usually invol ve studying changes in
hor none | evel s, estrous cycle, and ovarian function
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TABLE |1-22.

COMPARATI VE GESTATI ONAL DEVELOPMENT AMONG VARI QUS SPEC ES

Human Rat Mouse Rabbi t Hanst er
| mpl ant ati on 6- 12 days 8 days 5 days 9 days 7 days
peri od
13 to 20 somte 27 days 11 days 9 days 10 days 9 days
End of enbryonic 12-14 weeks 14 days 13 days 11 days 10 days
peri od
End of 20 weeks 17 days 17 days 15 days 14 days
met anor phosi s
Fetal devel opnent 20-24 weeks 18-20 days 18-20 days 16-32 days 15-16 days
Parturition 20-40 weeks 21 days 19 days 32 days 15 days

SOURCES.  Rugh,

1968; W/ son,

1977
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foll owi ng chem cal exposure. There are a nultitude of
other tests that are used to eval uate reproductive
hazards in a nunber of different organs, or for various
reproductive processes. Tables I1-23 and I1-24
describe the reproductive organs and processes which
are susceptible to reproductive toxicants in fenal es
and mal es, respectively. The lists are not
all-inclusive, but serve to illustrate the range of

bi ol ogi cal systens and processes at risk.

Mating studies are conducted in a variety of
ways. For exanple, dans may be sacrificed on day 13 of
gestation in order to assess effects on the devel opi ng
enbryo, or to evaluate uterine abnormalities. In these
studies, nmales are usually untreated and are mated with
treated females. |In other studies only nales are
treated, or both nmales and fenales are treated prior to
mating. Mating studies also evaluate effects on
gestation periods, |abor and delivery. Wen carried
further, reproductive function in the offspring can be
eval uated. Muiltigeneration studies are conducted to
reveal effects caused by cunul ative toxicity, or by
agents effective at |ow concentrations. Effects are
typically eval uated over three generations. |In many
i nstances, studies on reproductive performance in
adults al so neasure effects in offspring, such as
teratogenicity or enbryo/fetal toxicity. The overlap
anong endpoints nmay or nmay not result fromsimlar
mechani snms of action.

b. Criteria Used to Evaluate Data Quality

In order to provide reliability and consistency to the
assessnment process, each study is evaluated with respect to
its adequacy. The criteria used for evaluating the quality
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TABLE 11 -23.

CONSI DERATI ONS | N EVALUATI NG RI SK TO

FEVALE REPRODUCTI ON

NON- PREGNANT

PREGNANT

Vul va/ Vagi na

Virilization

Cer vi x Structural Abnornalities Inconpetence
Mucus producti on and/ or
quality
Ut erus Lumnal fluid Untimely parturition
Structural nmalformations Dysfunctional |abor
Dysfuncti onal bl eedi ng Uterine blood flow
Dyssynergi a Cest ati onal
Defi ci ent pseudodeci dual trophobl asti ¢ di sease
response Defi ci ent deci dua
response
Fal | opi an Ganete transport fluid Zygote transport
Tube
Ovary Decr eased number of Luteal function
oocytes
Luteal function
I ncreased rate of
follicular atresia
Fol I'i cul ar:
st er oi dogenesi s
mat ur ati on
rupture
fluid quality
Cocyte maturati on
Luteal function Chronic
anovul ati on
Br east Super nunerary manmary Lactati on: conposition
gl ands capability
Gal actorrhea Transpl acent al
Nongal act orr hei c transport of toxicants
di schar ge Hydati di f orm nol e
Gyneconasti a Enzymatic activities
Pituitary Hyper prol acti neni a

Hypopr ol acti nem a

Al tered synthesis and
rel ease of trophic
hor nones

Hypot hal anmus

Al tered syntheseis and
rel ease of neuro-
transmtters, neuro-
nodul ators, and neuro-
hor nbnes

conti nued .




TABLE 11 -23.

CONSI DERATI ONS | N EVALUATI NG RI SK TO
FEMALE REPRODUCTI ON, conti nued

Li ver Met abol i sm Met abol i sm
Bi ndi ng protein Bi ndi ng protein
synt hesi s
Adr enal St er oi dogenesi s St er oi dogenesi s
Behavi or Sexual Behavi or Mat er nal Behavi or
Reproducti ve |Puberty

I'ifespan

Menopause




TABLE 11-24. CONSI DERATI ONS | N EVALUATI NG RI SK TO
MALE REPRODUCTI ON

BODY WEI GHT

TESTI S
Size in situ
Wei ght
Spermatid reserves
Gross hi stol ogy
Nonfuncti onal tubules (%
Tubul es with lunmen sperm (%
Tubul e di amet er
Counts of |eptotene spernatocytes

EPI DI DYM S
Wei ght of distal half
Nunmber of spermin distal half
Motility of sperm distal end (%
Gross sperm nor phol ogy, distal end (%
Det ai | ed sperm nor phol ogy, distal end(% G oss
hi st ol ogy

ACCESSORY SEX GLANDS
Wei ght of vesicul ar gl ands
Wei ght of total accessory sex gl ands

SEMEN
Total vol ume
Gel -free vol une
Sperm concentrati on
Total sperni ejacul ate
Total sperniday of abstinence
Spermmotility, visual (%
Spermmotility, videotape % and velocity
G oss sperm nor phol ogy
Det ai | ed sper m nor phol ogy
Concentration of agent in sperm
Concentration of agent in sem nal plasm
Concentration of agent in blood
Bi ochem cal anal yses of sperniseninal plasm

ENDOCRI NE Lut ei ni zi ng hor none
Fol l'icl e-stinmulating hornone Test osterone
CGonadot r opi n-rel easi ng hor none

conti nued



TABLE 11-24. CONSI DERATI ONS | N EVALUATI NG RI SK TO
MALE REPRODUCTI ON
BODY WEI GHT

TESTI S
Size in situ
Wei ght
Spermatid reserves
Gross hi stol ogy
Nonfuncti onal tubules (%
Tubul es with lunmen sperm (%
Tubul e di aneter -«
Counts of |eptotene spermatocytes

EPI DI DYM S
Wei ght of distal half
Number of spermin distal half
Motility of sperm distal end (%
&G oss sperm nor phol ogy, distal end (%
Det ai | ed sperm nor phol ogy, distal end(% G oss
hi st ol ogy

ACCESSORY SEX GLANDS
Wei ght of vesicul ar gl ands
Wei ght of total accessory sex gl ands

SEMEN
Total vol une
CGel -free vol une
Sperm concentrati on
Total sperm ejacul ate
Total spernfday of abstinence
Spermmotility, visual (%
Spermnotility, videotape % and velocity
Gross sperm nor phol ogy
Det ai | ed sper m nor phol ogy
Concentration of agent in sperm
Concentration of agent in senm nal plasna
Concentration of agent in blood
Bi ochem cal anal yses of spernisem nal plasm

ENDOCRI NE
Lut ei ni zi ng hor none

Follicle-stimulating hornmone Test osterone
CGonadot ropi n-r el easi ng hornone

conti nued



TABLE 11-24. CONSI DERATI ONS | N EVALUATI NG RI SK TO

MALE REPRODUCTI ON, conti nued
FERTILITY

Rati o exposed: pregnant fenal es

Nunmber of enbryos or young per pregnant female
Rati o viable enbryos: corpus |utea

Ratio inplantation: corpus |utea

Nunmber 2-8 cell eggs

Nunmber unfertilized eggs

Sperm per ovum

Nunmber of corpus |utea

IN VI TRO
I ncubation of spermin agent
Hanst er egg penetration test




of animal studies are derived fromthe U S. Food and Drug
Adm ni stration (USFDA) Guidelines for Reproductive Studies
for Safety Evaluation of Drugs for Human Use (1972) (see
Appendi x G, and the EPA Proposed Guidelines for the Health
Assessnment of Suspect Devel opnental Toxicants (1984). The
FDA gui del i nes provi de recomrended study protocols for
testing in the areas of teratogenicity, enbryonic and fetal
effects, maternal and paternal reproductive toxicity, and
post nat al devel opnental effects. The EPA guidelines provide
assistance in evaluating statistical analysis, data quality,
and reporting procedures for various types of studies.

Wor ksheet s have been designed for the assessnent of data
qual ity using FDA and EPA guidelines, and sanples are

i ncluded at the end of this chapter. Studies in humans are
eval uated according to | RLG Gui delines for Docunentation of
Epi dem ol ogi cal Studies (IRLG 1979). The various

gui delines and types of studies are discussed in follow ng
secti ons.

(1) US. Food and Drug Adm nistration

The FDA gui del i nes reconmend protocols for
experinmental studies. Design considerations include
use of control groups, nunber of doses per treatnent
group, nunber of animals per dose group, and
statistical analysis. Category-specific guidelines are
provided for studies of teratogenicity, fertility,
reproductive, perinatal, and postnatal toxicity. For
teratogenicity studies, the FDA recomends that two or
nore dose levels be used, only fenales be treated (so
that dose to the target - enbryo or fetus - can be
calcul ated), that the treatnent period cover the tine
of organ formation, and that fetuses are delivered by
Cesarean section one or two days prior to parturition.
Accordi ng to FDA guidelines, the experinental
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paranmeters whi ch shoul d be eval uated i ncl ude the

fol | ow ng:

o] Nunber of fetuses (total)

o] Nunmber of |ive versus dead fetuses

o] Nunber of resorptions (early and | ate)

o] Pl acenent in uterine horn

o] Correl ation of fetuses with corpus lutea

o] Fetal wei ght

o] Ext ernal anonalies

o] I nternal anomalies (one-third for dissection or

Wl son slicing for visceral anomalies; two-thirds
for cleaning and bone staining with alizarin).

Li kew se, specific paraneters are al so
recommended for evaluating reproductive toxicity, and
perinatal and postnatal devel opnental toxicity.

(i) US. Environnental Protection Agency

The EPA guidelines are also used to judge data quality
and reliability. They assist by further defining the
validity and significance of findings, based on statistical
nmet hods recommended by FDA. For exanple, in teratogenicity
studies, malformati ons nmay be reported as the nunber of
affected fetuses per litter, or the percent of affected
litters per treatnent group. As EPA points out, reporting
t he nunber of affected fetuses per litter is nore
informative, since in any given litter the percent of
mal formed fetuses could range fromO0-100% Sinply know ng
that sonme percentage of litters was affected, w thout
knowi ng the preci se nunber of individuals per group, is not
very useful. Thus, while the FDA reconmends statistical
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eval uati on of experinental results, EPA goes further in
speci fying anal ytical and reporting procedures. In the

wor ksheet s devel oped for CHEM the preferred nethods of data
analysis are listed in order of descending value to assi st
in the evaluation of data quality.

The EPA- proposed gui delines are also used to broaden
the range of endpoints which may be considered. The
gui del i nes i ncorporate additional paraneters, such as
bi ochem cal studies in the fetus and eval uati ons of maternal
toxicity, which were not specifically discussed by FDA

EPA' s guidelines for studying teratogenic hazards
differ from FDA recommendations with respect to the
sel ection of species as well. Wile both FDA and EPA
recommend that two species be used, FDA reconmends that one
shoul d be a rodent and one a non-rodent, whereas EPA does
not nmake such a stipulation. CHEMfollows the EPA criterion
in this regard because ideal animl nodels have not been
agreed upon, and because nost of the available data pertain
to rodents only. W rksheets listing FDA and EPA paraneters
used in the assessnent of devel opnental and reproductive
toxicity studies are presented at the end of this chapter.
FDA Gui del i nes for Reproductive Studies are given in
Appendi x G

C. Assessnent of Data Quality

The assessnent of devel opnental and reproductive
effects is based entirely on data obtained fromprimary
literature, rather than the peer-reviewed, commttee-based
secondary sources used in other health effects categories of
CHEM G ven the variabl e design, docunentation, and quality
of experinmental studies, it is necessary to evaluate the
quality of each study before incorporating the data
reported, or relying on the results. Consistency is
obvi ously of paranount inportance when eval uati ng and
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conparing a | arge nunber of studies. At the sane tine, the
deci sion as to whether a given study should be included in

t he dat abase and used for scoring necessarily involves a
case- by-case analysis of the particular strengths and
weaknesses of that study. As described in the preceding
section, the Departnent has relied upon criteria recommended
by RLG FDA, and EPA, in meking this judgenent, and the
adequacy of each study is judged by the extent to which the
study desi gn and docunentation conformto recomended
protocols. Since the approach and net hods applied to

epi dem ol ogi cal studies differ fromthose used in | aboratory
studies with animals, the criteria used to evaluate the
quality of each are di scussed separately bel ow

(1) Epidem ol ogical Studies

Epi dem ol ogi cal studies can provide strong
evi dence from which public health decisions can be
made. Epi dem ol ogy provides a direct neasure of risk
to humans, and avoids many of the difficulties inherent
in interspecies extrapol ations.

Epi dem ol ogi cal studies used for scoring in CHEM
must be wel |l -conducted and adequately docunented. The
Qui del i nes for Docunentation of Epidem ol ogi cal Studies
prepared by the Epidem ol ogy Work G oup of the
| nt eragency Regul atory Liaison Goup (IRLG 1979)
provi de the framework for evaluation in CHEM The
types of epidem ol ogi cal studies addressed by the I RLG
each of which contributes a different |evel of insight
concerning the etiology of environnentally-related
di seases, are shown in Table I1-25. For each kind of
study, the I RLG guidelines outline the type and extent
of information considered inportant for the objective
evaluation and interpretation of epidem ol ogi cal
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TABLE 11 -25.

TYPES OF EPI DEM OLOG CAL STUDI ES

Ecol ogi cal

Denogr aphi ¢

Cross-section

Case-contro

Cohort

An evaluation is nade of the spatial and/or
tenporal patterns of norbidity or nortality

i n human popul ati ons where classification is
made on the basis of aggregates of

i ndividuals as distinct fromsingle
individuals. In this type of study all

i ndividuals, both in the nunerator and the
denom nator, are not classifiable according
to the study of association. An exanple is
the compari son of cancer nortality in
counties classified according to paraneter(s)
such as the density of selected industries,
the average hardness of water, background
radi ati on, or the proportion of popul ation of
specified ethnicity.

An evaluation is nade of the risk of
norbidity or nortality in human popul ations
conmposed of individuals classifiable by
limted denographic characteristics such as
geogr aphi c area of residence, age, sex,
ethnicity, or calendar tinme. In this type of
study all individuals, both in the nunerator
and the denom nator are classifiable
according to the study paraneters, and, thus,
this type of study does permt a direct
nmeasure of association

An evaluation is made of the differential
preval ence of disease at a specified tinme
anong two or nore groups, the individuals of
whi ch are classified by |evel of exposure at
that specified tine.

An eval uation is made of the past

differential exposure to an agent between two
groups, the individuals of which are defined
according to the presence or absence of a
specific disease or injury and are
representative of the popul ation from which

t he cases arose.

An evaluation is made of the differential

i nci dence of di sease anbng two or nore
groups, the individuals of which are
classified by | evel of exposure to a specific
agent, with each group's being foll owed over
sonme period of tine.

SOURCE: TRLG
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studies. The major elenments for eval uating
epi dem ol ogi cal studies include:

o Background and objectives of the study

o Study design

0 Study subjects

o Conparison subjects

o Data collection procedures

o Analytical nethods and statistical procedures
o Data interpretation

o Limtations and inferences

0 Supportive docunentation

In CHEM the reliability of any epi dem ol ogi cal
study is judged on the basis of the I RLG guidelines,
and classified as providing "adequate," "supportive,"
or "inadequate" evidence of devel opnental or
reproductive toxicity.

In order to be classified as "adequate", the
study nmust have been conducted in accordance with IRLG
gui delines. Studies which do not conformto those
gui delines in sone inportant respect, or fail to
establish a conclusive |ink between exposure and
response, are classified as "supportive" or
"I nadequat e", depending on the nature and magnitude of
the limtations involved. For exanple, confounding
vari ables are often difficult to account for in
epi dem ol ogi cal studies, especially when inportant
factors are not considered in the study design.

Preci se nmeasurenments of dose are difficult to obtain in
epi dem ol ogi cal studies, especially when the study

i nvol ves workers exposed to varying | evels over tineg,
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(i)

or to mxtures of chem cals. Mny well-conducted
studies may therefore provide evidence suggestive of a
cause and effect relationship but because of
limtations in the study they are considered | ess than
"adequate" and are classified as "supportive".

St udi es whi ch have been poorly conducted, and/or
poorly docunented are classified as "inadequate". For
exanpl e, when no justification is provided for
conbi ni ng subgroups of study subjects, or confoundi ng
vari abl es such as age, sex, ethnic group or lifestyle
have not been evaluated, the study is judged to be too
limted for scoring and is not used in CHEM For
assi gni ng wei ght - of - evi dence and sel ecting the LCEL,
only studies classified as "adequate" are used.

Experinmental Studies

The quality of experinental studies is eval uated
on the basis of the FDA and EPA criteria described
above and outlined in the worksheets.

Studies are classified as "adequate", "supportive", or
"I nadequate", as described bel ow

o] Adequate Quality: a study classified as adequate

i s conducted according to FDA and EPA gui del i nes,
and all endpoints of interest are eval uated using
FDA and EPA criteria. |In some cases a study may
be judged to be "adequate" despite sone
deviations fromthe established protocol, so |ong
as those deviations are not expected to alter the
concl usi ons.

Sonme deviations froma referenced protocol are
appropriate. As stated in a report by the
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Nat i onal Acadeny of Sciences, "since reference
protocol s are devel oped for general application
before it is known what results are inportant or
what effects are to be screened, sone deviations
fromthe guidelines are needed.” (NAS, 1984, p.
9) Behavioral studies provide an obvi ous
exanple. The FDA teratol ogy guidelines recommend
that the investigator stain the fetal skeleton
with alizarin and dissect the fetus. Cearly it
is inmpossible to do this and subsequently gat her
behavi oral dat a.

I n anot her exanpl e, FDA guidelines recommend the
use of two doses in teratol ogy studies. However,
some studies utilize one dose, and test on
several individual days of gestation. This
method is al so useful, since the data collected
are relevant to the assessnent of teratogenicity,
and provide information on critical periods of
enbryo or fetal sensitivity, dose, and severity
of effects. A third exanple concerns nunbers of
animal s used. The guidelines recomend 20 or
nmore rodents per group. However, when fewer
animal s are used and the study denonstrates
statistically significant major malformations in
a dose-response pattern, the evidence is not

di scarded. This assures that data on severe
chem cal hazards to the devel opnental and
reproductive process are not overl ooked.

Supportive quality: studies classified as

supportive are limted in sone respects, but are
not flawed to the point of being terned

"i nadequate". Exanples of limtations which
disqualify a study fromthe "adequate" category
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include flaws in data presentation or tabulation
of effects, lack of information on maternal
toxicity or specific test nethods, insufficient
nunber of animals, or other deviations from EPA
and FDA protocols. These studies are not
directly used in scoring because of their
[imtations. Nevertheless, the information

provi ded can corroborate findings from "adequate"
studi es and add significance to those results.

Such studies al so provide information on
potential effects, as well as on

phar macoki neti cs, species sensitivity, and

pl acental transport, and contribute to the
overal |l eval uation of devel opnental and
reproductive toxicity for those chem cals. Thus,
"supportive" studies are used to suppl enent

wei ght - of - evi dence cat egories but are not used
for quantitative assessnent.

| nadequate quality: studies classified as

i nadequate include test results which are
reported in abstract formonly, studies conducted
in non-mammalian or in vitro systens (e.g., chick
enbryo), and studies wth a nunber of serious
departures fromthe FDA and EPA proposed

gui del i nes.

The Departnent's review of 188 studi es showed
that 45% did not neet the mnimumcriteria for
"adequate" quality. As a result, these studies
were elimnated fromconsideration for scoring.
One alternative the Departnent is considering is
contacting the investigators and requesting
further information on how these studies were
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conducted. It is hoped that the availability of
t he proposed FDA and EPA gui delines for the

eval uati on of developmental toxicity will inprove
t he uneven quality of published l|iterature.

Exanpl e of Assessnment of Experinental Studies

The eval uation of benzene provi des exanpl es of
studies classified as adequate, supportive, and
i nadequate. There are a total of nine studies gathered
fromthe literature. O these, five were classified as
adequate, one as supportive, and three as inadequate
for scoring.

Adequate: O the five "adequate" studies, one showed
severe enbryo/fetal toxicity in the nouse; two studies
denonstrated m nor enbryo/fetal toxicity in rabbits and
rats, each in the presence of maternal toxicity; and
two studies denonstrated m nor enbryo/fetal toxicity in
rats in the presence of maternal toxicity.

In the nouse study (Murray et al., 1979),
concordance with the adopted criteria for "adequate"
quality in CHEM i ncluded: wuse of concurrent controls,
nore than 20 animals, statistical analysis (on nunber
of affected fetuses per litter), untreated mal es,
treatment covering period of organ formation, and
Cesarean delivery one day prior to parturition. The
paraneters eval uated i ncluded nunbers of fetuses,
pl acenent in uterine horn, nunber of live and dead
fetuses, nunbers of resorptions, fetal weight, external
and internal anonalies, biochem cal and hemat ol ogi cal
anal yses. Maternal toxicity was eval uated on the basis
of body wei ght, food and water consunption, and percent
of successful conceptions. The study was, therefore,
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classified as adequate, based on experinental design,
nmet hodol ogy, paraneters investigated, and appropriate
dat a anal ysi s.

The study had two Iimtations, however. First,
the investigators did not correlate fetuses with corpus
lutea. Since this deviation does not detract fromthe
findi ngs, however, the study can be used for scoring in
CHEM The second limtation is the use of only one
dose. Because enbryo/fetal toxicity was clearly
denonstrated at that dose, the use of a single dose
does not disqualify the study frombeing used to
eval uate the weight-of-evidence, and it is classified
as "adequate". It cannot provide dose-response
i nformati on, however, and therefore limts scoring to
gualitative considerations, since LCEL and RR cannot be
cal cul ated on the basis of a single dose.

Supportive: A study of perinatal and postnatal

devel opnmental toxicity (CGofnekler, 1968) provides an
exanpl e of a "supportive" study. The experinental

desi gn included concurrent controls, and seven
different doses, but only 10-12 rats were used in each
dose group, and statistical analysis was sonewhat
limted (i.e., average val ues per pup). Fenales were
exposed prior to mating and during gestation; males
wer e exposed for 6-8 days during mating. Toxicity was
eval uated on the basis of gross anomalies, pup weight,
and organ weight. Statistically significant changes in
organ wei ghts were seen in the lungs, spleen, kidneys,
adrenal s, and livers of pups. The study was not

consi dered adequate because, with both males and
femal es bei ng exposed, dose to the fetus could not be
quantified. Oher limtations include the use of fewer
than 20 aninmals per group and inprecise estinmations of
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gestation periods (cal culated from begi nning of mating
periods). Al other nmethods used were suitable.

Al t hough there are Iimtations in this study, it
does suggest that exposure to benzene during the
reproductive process can affect devel opnment of various
organs, particularly the fetal lung, where a
dose-response rel ati onshi p was observed. However,
since no perinatal or postnatal devel opnental studies
to support these findings are available, and since the
study quality is less than adequate, the information is
recorded on the worksheets but not used in scoring.

| nadequat e: three studies on benzene were classified
as i nadequate. One study (CGof nekler and Pushki na,

1968) was quite limted in terns of endpoints eval uated
(effects on concentrations of ascorbic acid, DNA and
total nucleic acids in cells of various organs). This
study also did not report the nunber of aninmals per
treatment group, nor did it describe test nethods.

Anot her study of teratogenicity by the same researchers
(Pushki na and Gof nekl er, 1968), was severely limted in
that nal es and fenal es were both exposed, only 5-10
animal s per treatnment group were used, and no details
were provided as to nmethods of sacrifice. The third
study classified as i nadequate (Naw ot and Stapl es,
1979), was only avail able as an abstract, and nunerous
details about experinmental design and nethods were not

i ncl uded.

d. Sel ection of Species

Researchers have found that al nost all human teratogens
are also teratogenic in test animals, but not necessarily in
all species. Anong known or suspect human teratogens, 85%
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are teratogenic in mce, 80%in rabbits, 45%in hansters,
and 30% in nonkeys (USFDA, 1980). This does not inply that
the nmouse is the nost suitable animal nodel, or that a given
chemical is nore likely to cause teratogenic effects in mce
than in nonkeys. Rather, the inplication of these findings
is that positive results in aninmals should be considered

i ndicative of potential teratogenicity in humans, and that
negative results in animals do not rule out teratogenicity
in humans (e.g., thalidomde). Furthernore, the above
findings underscore the difficulties encountered in

teratol ogy testing, such that teratogenic effects are not

al ways readily detectable.

The best or nost rel evant species for testing
devel opnmental toxicants has yet to be agreed upon (NAS,
1977). Each species seens to have sone uni que di sadvant age,
and no species has been uniformy predictive for humans.
The nouse has been consi dered useful because of its general
suitability for | aboratory research - including size, ease
of handling, high fertility, and sensitivity to teratogens.

However, the nouse exhibits high background rates of

spont aneous nal formati ons and resorptions, particularly in
sone strains, and this can nake test results anbi guous. The
rat has all the positive characteristics of a snal
| aboratory animal, has a |ow rate of spontaneous
mal formation (less than 1%, and is genetically stable. The
rat has a very low sensitivity to teratogens, however, and
may produce fal se negatives in testing.

Rabbi ts have sonetinmes been preferred on the basis of
ease of insem nation and optimal fetal size, but there are
no pure strains. Dogs have a | ow spontaneous mnal formation
rate and a placenta nore simlar to humans, but are
di sadvant ageous in terns of cost, availability, and breeding
habits. Prinmates share nmany anatom cal and phyl ogenetic
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simlarities wth humans. They have a chlorioal |l antoic

pl acenta simlar to humans, rather than the inverted yol k
sac placenta of rabbits and rodents. They have been shown
to have sone netabolic pathways sinmlar to hunans, are
suscepti bl e to conparabl e doses of sone agents, and have | ow
spont aneous nal formation rates. However, teratogenicity is
not readily observed in primates due to difficulties

i dentifying opti mumexposure tines in relation to
gestational stage, and enbryo/fetal toxicity is nore readily
detected. In addition, there are najor |ogistical problens
W th using primtes, including size, cost, difficulty in
handl ing, and |l ow fecundity. For these reasons, prinates
are not generally used in experinental studies, and few data
exist for primates. Therefore, CHEMrelies on the best
avai |l abl e evidence froma variety of species.

The chick enbryo is generally not recommended for
teratogenicity testing because the species is non-placentary
and may therefore be particularly susceptible to teratogenic
agents. Chick enbryo data are not considered in CHEM
Nevert hel ess, the chick enbryo has been shown to be
responsive to a broad range of agents known to affect
manmmal i an enbryos, and can be useful as a screening system
in experinental settings.

6. Eval uati on and Scori ng of Devel opnental and

Repr oductive Toxicity

In CHEM the evaluation of devel opnental and
reproductive toxicity involves three separate elenents: the
wei ght - of - evi dence, the | owest-observed-effect-level (LOCEL),
and, for devel opnental toxicity, the risk-ratio (RR). Based
on the results of these qualitative and quantitative
assessnents, each chemcal is assigned a letter score (A-E)
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reflecting relative overall hazard. Each of the three
elenments is discussed in detail bel ow

a. Vi ght - of - Evi dence Eval uati on

As with carcinogenicity and nutagenicity, there is no
attenpt to classify chemcals into categories of teratogens
or non-teratogens, enbryo/fetal toxicants or non-toxicants,
etc. Rather, CHEM focuses on sorting out the qualitative
data and evaluating the likelihood that a chem cal nmay
produce devel opnental and/or reproductive toxicity in
humans. All studies are evaluated with respect to their
rel evance to humans and, based on the quality and anount of
avai |l abl e data, assigned into weight-of-evidence categories.

Since a chem cal may produce nore than one
devel opnmental or reproductive effect, the weight-of-evidence
is generally categorized for each endpoi nt independently of
the others. Teratogenic and severe enbryo/fetal effects are
an exception to the rule, however. Due to the uncertainties
i nvol ved in defining and di stinguishing teratogenicity and
severe enbryo/fetal toxicity, results in each are sonetines
grouped together. For exanple, two positive aninmal tests
showi ng teratogenicity are assigned to the sane
wei ght - of - evi dence category as one positive teratogenicity
study plus one showi ng severe enbryo/fetal toxicity (see
Table I1-26, "Substantial Evidence - Goup I). It should be
noted that the broad wei ght-of-evidence categories (e.g.,
Confirmed, Substantial, Suggestive, etc.) have been further
divided (e.g., Substantial Evidence - Goup |I). Evidence
categories and subcategories for devel opnental and
reproductive toxicity are presented and defined in Tables
I1-26 and 11-27, respectively.
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TABLE 11-26. WEIGHT OF EVI DENCE CLASSI FI CATI ON FOR
DEVELOPMENTAL TOXICI TY

CATEGORY

DESCRI PTI ON OF EVI DENCE

CONFI RVED EVI DENCE

Hurman evi dence showi ng causa
associ ati on between exposure to the
chem cal and adverse effects of
devel oprent .

SUBSTANTI AL EVI DENCE

G oup |

Evi dence fromtwo or nore positive
ani mal tests showi ng teratogenicity
[or nore severe enbryo/fetal effects,
perinatal, or postnatal devel oprent al
effects]. ---Or, Evidence from one
positive animl test for
teratogenicity and sone evidence of
teratogenicity in humans, although
data are not sufficient: to
concl usi vely denonstrate a causa
associ ati on [same evidence for severe
enbryo/fetal toxicity, perinatal, or
post nat al devel opnmental effects]. ---
O, Evidence fromone positive anim
test denonstrating teratogenicity in
ani mal s and one positive test

i ndi cati ng severe enbryo/feta
toxicity in animals.

G oup Il

Evi dence fromtwo or nore positive
ani mal tests showi ng minor
enbryo/fetal effects. ---O, Evidence
fromone positive teratogenicity study
in animal s and one positive test in
ani mal s showi ng m nor enbryo/feta
toxicity. ---Or, Evidence from one
positive ani mal study show ng mni nor
enbryo/fetal toxicity and sone

evi dence of enbryo/fetal toxicity in
humans (of a nmild nature), although
data are not sufficient to
concl usi vely denonstrate a causa
associ ati on.

conti nued




TABLE 11-26. WEI GHT- OF EVI DENCE CLASSI FI CATI ON FOR
DEVELOPMENTAL TOXICITY, continued

SUGGESTI VE EVI DENCE

G oup | Evi dence from one positive animal test
showi ng teratogenicity or severe
enbryo/fetal toxicity, perinatal, or
post nat al devel opnental effects.

G oup Il Evi dence from one positive animal test
showi ng m nor enbryo/fetal toxicity.

Goup |11 Evi dence of teratogenicity,

enbryo/fetal toxicity, perinatal, or
post natal devel opnmental toxicity in
animal s occurring in conjunction with
mat ernal toxicity.

I NSUFFI CI ENT EVI DENCE

Chem cal cannot be classified as
terat ogenic, enbryo/fetal toxicity or
produci ng perinatal or postnatal

devel opnental effects, because tests
did not yield statistically
significant results, or studies too
limted for classification, or test
results non-positive.

NO DATA

Chem cal has not been tested.




TABLE 11 -27.

VIE|I GHT- OF- EVI DENCE CLASSI FI CATI ON FOR
REPRODUCTI VE TOXICI TY

CATEGORY DESCRI PTI ON OF EVI DENCE

CONFI RVED Human evi dence showi ng causal associ ation

EVI DENCE bet ween exposure to the chem cal and
adverse reproductive effects.

SUBSTANTI AL Evi dence fromtwo or nore positive ani mal

EVI DENCE tests showi ng reproductive effects. ---O,
Evi dence from one positive animal test of
reproductive effects and sonme evi dence of
reproductive effects in humans, although
data are not sufficient to conclusively
denonstrate a causal association.

SUGGESTI VE Evi dence from one positive animl test

EVI DENCE show ng reproductive toxicity

| NADEQUATE Chem cal cannot be classified as a

EVI DENCE reproductive toxicant because tests did not
yield statistically statistically
significant results, or studies too linmted
to provide reliable data, or effects found
only at very high levels or test results
non- posi ti ve.

NO DATA Chemi cal has not been tested.




Det erm nation of Lowest Observed Effect Level (LCEL)

Definition

Chem cal toxicity varies over a w de range of
doses. The LCELs is the |owest |evel or dose at which
statistically significant effects are observed in a
gi ven study, and is therefore a neasure of toxicity.
It is expressed as the daily dose per unit of body
wei ght .

| nherent in the use of LOEL is the assunption
t hat devel opnental and reproductive toxicity are
dose-related, and that a threshold exists bel ow which
no adverse effects are observed. Although the
exi stence of a threshold cannot be proven, it is
believed that the enbryo has sone capacity for repair
of danmage (USEPA, 1984d). LCEL is used in CHEM rat her
the NOEL (no-observed-effect-|evel) because the forner
is nore often reported. The LCEL is not synonynous
W th potency, since potency is determ ned by the
dose-response curve, and characterizes the degree of
toxicity associated with a given exposure |evel.
Because of the uncertainties involved (e.g., shape of
dose-response curves for | ow | evel exposures to various
chem cal s), accepted nethods for calculating
devel opnment al and reproductive potency have not been
devel oped. Lacking potency values for nost chemnicals
then, the LOEL represents a key quantitative neasure of
relative toxicity. It should be noted that the LOEL is
used in CHEM only for aninmal data, and does not apply
to evidence derived from studies in humans.

A maj or variabl e anong devel opnental and
reproductive studies is dosing reginen. For
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(i)

teratogenicity studies, exposure usually takes place

t hroughout the gestation period, which varies for
different species. Oher types of studies vary dosing
regi men and may include premati ng exposures or
exposures during specific stages of gestation. Unless
exposure takes place on one day only, it is unknown
whet her the daily dose or the cunul ative dose during
all or part of the gestation period is principally
responsi bl e for the observed effects. |In nost cases
the data are insufficient to nake the distinction. For
| ack of a better measure therefore, the daily dose per
unit of body weight is used in CHEMto deternm ne LOEL
W t hout considering cunul ati ve dose. This approach

of fers a standardi zed nmethod for conparing a | arge
nunber of chem cals. The daily dose can be directly
obt ai ned from experi ments where gavage, intravenous,
intraperitoneal, and dermal routes are used. For oral
or inhalation data, it is usually necessary to convert
t he exposure units (e.g., concentration in air or feed)
into daily dose units. Standard parameters used for
conversion are presented in Table I1-28.

Appl i cation

Since LOELs is an arbitrary dosing | evel selected
by the study investigator (and may not reflect the
| onest effect level), and in view of the uncertainties
in defining and estimating LCEL, it should not be
over-interpreted. |Its contribution to the systemlies
not in being a nmeasure of absolute potency, but as a
quantitative basis for distinguishing between
substances whi ch cause conparable effects at different
exposure levels. Only data fromstudies classified as
"adequate" are used to calculate LOEL;. The doses
considered relevant in CHEM range from zero to 500

174



TABLE 11 - 28. STANDARD PARAMETERS USED TO CALCULATE LCEL
| nhal ati on®?

Anl mal Speci es i 'nhal at1 on Vol ume
p Body Wi ght (kg) (ri/ day)
Rat 0. 35 0. 105
Mouse 0.03 0.034
Hanst er 0. 092 0. 086
Rabbi t 2.40 1.54
Quinea Pig - - 0. 20

When exposure is by inhalation:

mg/ kg/d = (ng/n? in air)(nm/ day)
kg body wt.

When exposure in the inhalation study is only a fraction of
a day, the fraction of the daily inhalation rate in the
ani mal species is used.

| ngestion (Feed)?

Anl mal Specl es Body Wi ght (kg) Dal 'y Fooad
Consunpti on (kg)
Rat 0.35 0. 020
Mouse 0.03 0. 004
Dog 10.0 0. 400
Pig 60.0 2. 400
Rhesus Monkey 6.0 0. 250

\When exposure is by diet:

nmg/ kg/d == (ng in food) (daily food consunption (kg))
kg body wt

SOURCES: Barsotti et al. (1975); Hoar (1976);
Hof f man et al. (1968); Janes et al
(1980); Kozma et al. (1974); USEPA (1980).



nmg/ (kg-day). Adverse effects which occur at doses

hi gher than 500 ng/ (kg-day) are considered irrel evant
to environnental exposures, and are automatically
scored E, (See "Derivation of Final Score", section
d. below. ) The choice of 500 ng/(kg-day) as an upper
limt for relevant quantitative data has sone
scientific basis. In a recent study, where a nunber of
chem cals were tested for teratogenic potential, the
dose whi ch produced 50% nal f ormati ons ranged from
4.6-750 ny/ (kg-day). In nost cases, the effective dose
was bel ow 500 ng/ (kg-day).

It is noteworthy that the daily dose of 500
ng/ (kg-day) to a worker corresponds to a workroom air
concentration of 200 ppmfor a chemcal with a
nmol ecul ar wei ght of 100. The cut-off point above which
acute/chronic toxicity is scored E is 250 ppm except
in cases of severe effects (see Table I1-3). Thus,
there is consistency between the upper limt of
rel evant doses in both health effects categories.

Wt hin each wei ght-of -evidence category, the
range of possible LCEL values is divided into groups
for scoring purposes. The cut-off points are different
for each weight-of- evidence category. Table I1-29
illustrates how LCEL val ues are subdivided in each
wei ght - of - evi dence category. The rationale and sone
exanples are provided in the section titled "Derivation
of Final Score" bel ow.

C. Cal cul ation of Risk Ratio

Anmong chem cal s that produce devel opnental effects, of
greatest concern are the ones which are toxic to the
devel opi ng enbryo or fetus without harmng the nother. The
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TABLE 11-29. RANGE OF LOEL VALUES USED Il\l CHEM BY

VIE| GHT- OF- EVI DENCE CATEGORY

LCEL Val ues (ng/kg/ day)
Subst anti al Evi dence
Goup 1 0 < LCEL < 50
50 < " < 200
200 < " < 400
400 < " < 500
500 < "
G oup 2 0 < LCEL < 25
25 < " < 150
150 < " < 350
350 < " < 500
500 < "
Suggesti ve Evi dence
Goup 1 0 < LCEL < 5
5< " < 100
100 < " < 325
325 < " < 500
500 < "
G oup 2 0 < LCEL < 2
2 < " < 75
75 < " < 300
300 < " < 500
500 < "
G oup 3 0 < LCEL < 2
25 < " < 500
500 < "

*

From Tables 11-31 and I1-32.




risk-ratio addresses this concern. It is not a true ratio
of risk, but rather the ratio of an adult toxic dose
(expressed as LDsp or LGso) to the fetal toxic dose
(expressed as LCEL). The risk-ratio provides a quantitative
estimate of the degree to which a chem cal can exert
toxicity to the fetus (or enbryo) w thout producing maternal
toxicity. It also provides a nmeasure by which chem cals can
be conpared on a relative basis. A large risk ratio neans

t hat devel opnental toxicity occurs at doses far |ower than

t hose producing toxicity to the nother. A small risk-ratio
inplies that the dose exerting toxicity in the fetus may be
cl ose to the dose producing adult toxicity, and observed
effects may be a result of maternal toxicity.

The concept of risk-ratio is anal ogous to the
"therapeutic index" used for clinical data, or the "potency
rati 0" used for pharmacol ogi cal effects (Fabro et al., 1982;
Gol dstein et al., 1974). A simlar quantitative estinate,
the Rel ative Teratogenic I ndex, has been tested with several
chemi cal s using | ethal and teratogenic doses to aninals
(Fabro et al., 1982). The latter study indicated that the
i ndex was a useful indicator of developnmental toxicity
occurring well below adult toxicity. In CHEM the
risk-ratio is a useful index for conmparing chemcals within
the framework of a relative hazard assessnent.

The LDsg or LG is defined as the | ethal dose or
concentration of a chem cal needed to produce death in 50%
of the dosed aninmals. Lethality is selected as the neasure
of adult toxicity since it is applicable to the majority of
test chem cals, unlike pharmacol ogical activity or body
wei ght changes, and is nore generally available. The
Departnent recogni zes that a dose causing maternal toxicity
woul d be nore appropriate to use than LDsy or LGy val ues.
However, since these values are rarely reported, use of that
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parameter on a consistent basis is not presently possible.

The principal criterion used in the selection of LDs
or LG values is consistency of species and route of
exposure with those from which the matching LCEL has been
derived. For exanple, if the LCEL pertains to inhalation in
t he guinea pig, then the LGy nust have been derived on the
basis of inhalation studies in the guinea pig. This
consistency is rigorously maintained. Wen species and
route-specific LDsp and LG5y val ues cannot be obtained, a
risk-ratio cannot be calculated. This is signified by an
asterisk (*) following the score for that chem cal
Simlarly, when effects have been observed only at one dose,
or only one dose has been tested, an asterisk follows the
score, indicating that the score is based on
wei ght - of - evi dence, and the quantitative dose-response data
are | acking.

As stated before, the concept of risk-ratio does not
apply to reproductive toxicity. |In addition, risk ratio and
LCEL are not used in CHEM where human evi dence of
devel opnmental toxicity exists (Confirmed Evidence) or where
the quality of a given study is |ess than Adequate (i.e.,
Supportive or Inadequate), and the study will therefore not
be used for scoring.

Ri sk-rati o val ues whi ch have been cal cul ated i n CHEM
range fromless than one (overt maternal toxicity) to
greater than 250. Based on this information risk-ratio
val ues under each wei ght-of - evi dence category are divided

into their respective subcategories (see Table 11-30).
Table 11-31 illustrates how LOEL and risk-ratio are used in
scoring devel opnental hazards. Table I1-32 presents the

scoring schene for reproductive toxicity.
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TABLE 11-30. RANGE OF RI SK RATI O VALUES
USED | N CHEM BY WEI GHT- OF-
EVI DENCE CATEGORY*

Subst anti al Evi dence

Goup 1 100 < RR
20 < " < 100
2 <" <20
1<" <2
=1
Goup 2 150 < RR
30 <" < 150
3 <" <30
1 <" <3
S 2
Suggestive Evi dence
Goup 1 200 < RR
40< " < 200
4 <" <40
1 <" <4
S 2]
G oup 2 250 < RR
50 < " < 250
5 <" <50
1<" <5
.2
Group 3 Not Applicable

* From Table 11-31




TABLE 11-31

SCORI NG MATRI X FOR DEVELOPMENTAL TOXICI TY

VAEI GHT- OF-
EVI DENCE LCEL Rl SK
SCORE (mg/ kg/ day) RATI O SCORE
Confi rnmed NA NA A
Evi dence
Subst anti al
Evi dence
G oup | 0 < LCEL < 50 or 100 < RR
G oup Il 0 < LCEL < 25 or 150 < RR A
Suggesti ve
Evi dence
G oup | 0 < LOEL < 5 and 200 < RR
G oup |1 0 < LCEL < 2 and 250 < RR A
Subst ant i al
Evi dence
G oup | 50 < LCEL < 200 or 20 < RR < 100
G oup Il 25 < LOEL < 150 or 30 < RR < 150 B
Suggesti ve
Evi dence
G oup | 5 < LOEL < 100 and 40 < RR < 200
G oup 11 2 < LCEL < 75 and 50 < RR < 250 B
Subst ant i al
Evi dence
G oup | 200 < LCEL < 400 or 2 <RR< 20
G oup 11 150 < LCEL < 350 3 <RR< 30 C
Suggesti ve
Evi dence
G oup | 100 < LCEL < 325 or 4 < RR < 40
G oup Il 75 < LOEL < 300 5 < RR< 50
LCEL < 25 NA C
Subst anti al
Evi dence
G oup | 400 < LOCEL < 500 or 1 <RR<2
G oup Il 350 < LCEL < 500 1 <RR<3 D
Suggestive
Evi dence
G oup | 325 < LOEL < 500 or 1 <RR<4
G oup Il 300 < LCEL < 500 1 <RR<5
25 < LCEL < 500 NA D

continued .




TABLE 11 -31.

SCORI NG MATRI X FOR DEVELOPMENTAL TOXI CI TY,

conti nued

VEI GHT OF
EVI DENCE LOEL RI SK
SCORE (mg/ kg/ day) RATI O SCORE
Subst anti al or

Suggesti ve

Evi dence

(Goups I,

Il or I11) 500 < LOEL or RR< 1 E
I nsuf ficient

Evi dence NA NA E
No Dat a ND




TABLE 11-32. SCORI NG FOR REPRODUCTI VE TOXI CI TY

VAEI GHT- OF- EVI DENCE LOEL SCORE
Confirmed Evidence NA A
Subst anti al Evidence 0 < LCEL < 50 A
Suggesti ve Evi dence 0 < LCEL < 5 A
Subst anti al Evidence 50 < LCOEL < 200 B
Suggesti ve Evi dence 5 < LCEL < 100 B
Subst anti al Evidence 200 < LCEL < 400 C
Suggesti ve Evi dence 100 < LCEL < 325 C
Subst anti al Evidence 400 < LCEL < 500 D
Suggesti ve Evi dence 325 < LCEL < 500 D
Substantial or Suggestive 500 < LCEL E
Evi dence
| nadequat e Evi dence ND

or
No Dat a




d. Derivati on of Final Score

As indicated above, devel opnental effects are scored on
t he basis of weight-of-evidence, LOEL, and risk-rati o;
reproductive effects are scored using wei ght-of-evidence and
LCEL. Since nore than one elenment is involved, scoring
necessarily requires weighing the significance of each
conponent individually, and then conbining the results to
produce a conposite score using a matrix approach. Thus,
the final score reflects a qualitative and quantitative
assessnent of relative overall hazard in a given effect
category (e.g., teratogenicity or enbryo/fetal toxicity).
Tables 11-31 and I1-32 present the scoring schenes used.
Wei ght - of - evi dence cat egori es and subgroups were descri bed
in Tables 11-26 and I1-27.

Scoring actually involves a series of steps. First,
wei ght - of - evi dence cat egories are assigned for al
devel opnent al and/or reproductive effects, based on the
total anmount of evidence available for each. Next, where
applicable, risk-ratio and/or LCEL values are calculated for
each study considered "adequate”. When there are several
adequat e studi es denponstrating a particular type of effect,
and nore than one LCEL or risk-ratio can be calcul ated, the
study producing the highest risk ratio or lowest LOEL is
used for scoring. Wen nore than one wei ght-of-evi dence
category is involved, or a chem cal causes nore than one
type of effect, scoring is generally based on the effect and
associ ated quantitative val ues which produce the highest
score. Thus, the scoring matrix shows that, with the
exception of "Confirned" evidence, chemcals wth the sane
wei ght - of - evi dence for devel opmental or reproductive
toxicity may receive wdely different scores dependi ng on
their LCEL and risk ratio values. For exanple, in the case
of a chem cal having "Suggestive" evidence of both
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teratogenicity and reproductive toxicity (based on separate
studies), but having differing LOELs, scoring is based on
the effect associated with the | owest LOEL

Al'l "Confirmed" human evi dence receives a score of "A',
regardl ess of the quantitative data. Score "A is also
assigned in two other cases: chemcals having "Substantial"
evidence of toxicity and either a | ow LOEL or high risk
ratio; or those chemcals wth "Suggestive" evidence and
both a low LOEL and a high risk ratio (see tables I1-31 and
I1-32). Thus, in order to qualify for a given hazard score,

weaker qualitative evidence of potential hazard nust be
conpensated for by stronger quantitative evidence. The
approach is conceptual ly anal ogous to that taken in the
assessnent of carcinogenicity. It reflects the Departnent's
belief that chem cal -specific assessnents of potenti al
toxicity for humans shoul d be based on both qualitative and
guantitative evidence. While |lack of data is not equival ent
to |l ack of hazard, a distinction should be nade between
substances with a clearly denonstrated ability to produce
adverse health effects and those where the evidence of that
potential is scant or inconclusive. Likew se, a distinction
must be made between substances causi ng devel opnent al
effects at very | ow doses, and those which require nassive
doses or cause maternal toxicity first.

Since three elenents are involved in scoring, and
choi ces nmust frequently be nade about the relative
significance of any one variable, scoring is sonmewhat nore
conplex than the matrices presented in Tables 11-31 and
I 1-32 suggest, and requires case-by-case assessnent by the
Department. For exanple, for some chem cals the particul ar
conbi nati on of wei ght-of-evidence, LCEL, and risk ratio
val ues does not correspond to any of the pernutations |isted
in Table 11-31. In such cases, the score is assigned in two
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steps. First, the weight-of-evidence is conbined with the
LCEL val ue, and a score derived; next, the

wei ght - of -evi dence is conbined with the risk-ratio val ue,
and a second, alternative score is derived, thereby
identifying two potential scores. Then, a score one grade

| oner than the higher of these two is assigned.

Acet al dehyde is a case in point. There is "Suggestive -
Goup |I" evidence that acetal dehyde can cause severe
enbryo/fetal toxicity. On the basis of that evidence, a
LCEL of 50 ny/(kg-day) and a risk ratio of 10 were
calculated. There is no such conbination of qualitative and
guantitative values listed in Table I1-31. In |ooking at
the scoring matri x, a chem cal having "Suggestive - Goup |"
evi dence associated with a LOEL of 50 ng/(kg-day) would

receive a score of "B'. On the other hand, "Suggestive -
Goup |I" evidence associated with a risk-ratio of 10 would
normally score a C. |In this case, a score of "C is
assi gned.

As stated before, risk-ratio does not apply to
reproductive toxicity. For chem cals show ng only these
effects, the score is deternm ned by the wei ght-of-evidence
and LOEL, according to the matrix in Table I1-32.

7. Resul ts and Di scussi on

Table 11-33 presents the results of relative scoring
for the 118 chem cals and m xtures evaluated. Sone data
were found for 47 of those chemicals and the remaining 71
automatically received a score of "ND (No Data). For the
47 with data, a total of 188 studies were evaluated, and 85

(45% were disqualified from considerati on because they
were not adequate. Because LDsg or LGCso values for the sane
species and route as the LCEL are not avail able for al
chem cals, a risk ratio cannot always be cal cul at ed.
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Li kew se, when only one dose is used in a study, or effects
are found only at the highest dose level, the LOEL is not
reflective of a dose-response curve, and is therefore of

| ess value. 1In these cases the score is followed by an
asterisk(*) to indicate sone uncertainty in the quantitative
dat a.

Table 11-33 shows that the methodol ogy produced a w de
stratification of scores. O the 118 substances that were
eval uated, the scoring breakdown was as follows: 14 A 17
B, 3C 9D 46E and 71 No Data (ND). Thus, anong
chemi cal s having at | east sonme positive evidence of
devel opnment al and/or reproductive toxicity, those of
noderately high hazard ("' B') are nobst commonly represented,
foll owed by the highest toxicity category "A'. This
di sproportionate representation of high and noderately high
hazard chem cals probably reflects the selection process
for experinental testing which favors substances which are
nmore likely to cause adverse effects.

Table 11-33 also shows that substances are classified
into hazard categories on the basis of all three scoring
conponents (as applicable). For exanple, anong "B" scores,
one or nore of those conponents contribute to the score:
low LOEL (e.g. nickel), high risk ratio (e.g. DEHP,
pent achl or ophenol ), or substantial weight-of-evidence (e.gqg.
toluene). The effects represented are al so w de-rangi ng:
teratogenicity (acetal dehyde), enbryo/fetal toxicity
(chl oroprene), postnatal or perinatal devel opnental toxicity
(1, 2-di chl oroet hane), maternal reproductive toxicity
(epi chl orohydrin), or paternal reproductive toxicity
(2-met hoxy et hanol).

The system descri bed here represents a mxture of two
possi bl e approaches to assessing the hazard of devel opnent al
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TABLE 11 - 33.

SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICITY FOR 110 CHEM CALS

CHEM CAL TYPE OF TOXICI TY V\EI GHT OF LOEL Rl SK SCORE
EVI DENCE (rmg/ kg/ day) RATIO
ACETALDEHYDE Terat ogenicity Suggestive 50 10 B
Severe Enbryo/fetal
Toxicity
ACETONE No Dat a ND
ACRYLONI TRI LE Teratogenicity Subst anti al 13* A*
AMVONI A No Dat a ND
ANI LI NE Post Devel opnent al Suggestive 560 E
Mat er nal Reproductive
Toxicity
ANI LI NE No Dat a ND
HYDROCHL ORI DE
ASBESTOS No Dat a ND
BENZENE MId Enbryo/fetal Suggesti ve 14.0 C
Toxicity
BENZYL CHLORI DE No Dat a ND

conti nued




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRCODUCTIVE TOXICI TY FOR 110 CHEM CALS _ .
contl nue
CHEM CAL TYPE OF TOXICI TY VEI GHT OF LOEL Rl SK SCORE
EVI DENCE (nmy/ kg/ day) RATI O
BERYLLI UM No Dat a ND
1, 3- BUTADI ENE Mat er nal Reproductive Suggestive 387 D
Pat er nal Reproductive
n- BUTYL ALCOHOL No Dat a ND
CADM UM Teratogenicity Subst anti al 1.25 A
CALClI UM CHROVATE No Dat a ND
CARBON TETRACHLORI DE Moderate Enbryo/fetal Suggestive 164 D
CHLORDANE Teratogenicity Suggesti ve 0. 16* B*
CHLORI NE No Dat a ND
CHL OROBENZENE No Dat a ND
CHLORCETHANE No Dat a ND
CHL OROFORM Moder ate Enbryo/fetal Suggestive 20.0 B

conti nued .




TABLE |1-33. SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICI TY FOR 110 CHEM CALS conti nued
CHEM CAL TYPE OF TOXICI TY VEI GHT OF LCEL Rl SK SCORE
EVI DENCE (mg/ kg/ day) RATI O
CHL ORCPRENE Moder at e Enbryo/fet al Suggesti ve 1.8 B
CHROM C ACI D No Dat a ND
CHROM UM (et al ) No Dat a ND
CHROM UM (VI') COVPOUNDS No Dat a ND
p- CRESOL No Dat a ND
CYCLOHEXANE No Dat a ND
o- Di chl or obenzene No Dat a ND
p- DI CHLOROBENZENE No Dat a ND
1, 2- DI CHLOROETHANE Post / peri nat al Suggesti ve 8.6 B
1, 2- DI CHLOROETHYLENE No Dat a ND
DI CHLOROVETHANE Severe Enmbryo/fetal Suggesti ve 381* D

conti nued .




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRCODUCTIVE TOXICI TY FOR 110 CHEM CALS
conti nued .
CHEM CAL TYPE OF TOXICI TY VEEI GHT OF LOEL RI SK SCORE
EVI DENCE (mg/ kg/ day) RATI O
1, 2- DI CHLOROPROPANE No Dat a ND
DI ETHYLAM NE No Dat a ND
DI (2- ETHYLHEXYL) PHTHALATE Teratogenicity Suggesti ve 70 376 B
DI METHYLFORVAM DE Severe Enbryo/fetal | nadequat e Dat a ND
1, 4- DI OXANE No Dat a ND
DI PHENYL No Dat a ND
DI PHENYLAM NE No Dat a ND
EPI CHLOROHYDRI N Mat er nal Reproducti ve Suggesti ve 80 B
ETHANOL Teratogenicity Subst anti al 316 56 B
ETHYL ACETATE No Dat a ND
ETHYL ACRYLATE Moder at e Enbryo/ fetal Suggesti ve 15. 35 B

conti nued .




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICI TY FOR 110 CHEM CALS

conti nued
CHEM CAL TYPE OF TOXICI TY VEI GHT OF LCEL Rl SK SCORE
EVI DENCE (mg/ kg/ day) RATI O
ETHYL BENZENE No Dat a ND
ETHYLENE GLYCOL No Data ND
ETHYL ETHER No Dat a ND
FLUORI DE No Dat a ND
FORMAL DEHYDE Pat er nal Reproductive Subst anti al 0. 023* A
HEPTACHLOR | nadequat e Dat a ND
HEXACHL OROCCYCLOPENTADI ENE Moder ate Enbryo/f et al Suggesti ve 75* D
HEXACHL OROETHANE Severe Enbryo/fetal Suggesti ve 39 D
HEXACHL OROPHENE Peri / Post nat al Subst ant i al 5 12 A
2- HEXANONE No Dat a ND
HYDRAZI NE Post Devel opnent al Suggesti ve 8* Cx

Toxicity

conti nued .




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXI CI TY FOR 110 CHEM CALS conti nued

CHEM CAL TYPE OF TOXICI TY VIEEI GHT OF LOEL Rl SK SCORE
EVI DENCE (mg/ kg/ day) RATI O

HYDROGEN CHLORI DE No Dat a ND
HYDROGEN FLUORI DE No Dat a ND
HYDROGEN SULFI DE No Dat a ND
| SOAMYL ACETATE No Dat a ND
| SOBUTYL ACETATE No Dat a ND
| SOBUTYL ALCOHOL No Dat a ND
| SOPROPYL ALCOHOL No Dat a ND
LEAD (netal) Severe Enbryo/fetal Subst anti al 0.113* A*
LEAD ACETATE No Dat a E
LEAD CHLORI DE No Dat a ND
LEAD NI TRATE Terat ogenicity Subst anti al 25

continued .




TABLE 11 - 33.

SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICI TY

FOR 110 CHEM CALS

conti nued
CHEM CAL TYPE OF TOXICI TY V\EI GHT OF LOEL Rl SK SCORE
EVI DENCE (mg/ kg/ day) RATI O
LEAD SUBACETATE Pat ernal Reproductive Suggestive 1952 E
L1 NDANE No Dat a ND
MALEI C ANHYDRI DE No Dat a ND
VETHANCL Teratogenicity Subst anti al NA NA B
2- METHOXY ETHANCL Pat ernal Reproductive Subst anti al 100* B*
Toxicity
METHYL ACRYLATE No Dat a ND
METHYL BROM DE No Dat a ND
VETHYL ETHYL KETONE Teratogenicity Suggesti ve 407 D
METHYL | SOBUTYL KETONE No Dat a ND
METHYL METHACRYLATE Severe Enbryo/f et al Suggesti ve 435* D
Toxicity
M REX No Dat a ND

conti nued .




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICITY FOR 110 CHEM CALS

conti nued
TYPE OF TOXICI TY V\EI GHT OF LOEL Rl SK SCORE
EVI DENCE (rmg/ kg/ day) RATI O

NAPTHTHAL ENE No Dat a ND
NI CKEL Peri/postnatal Toxicity Suggesti ve 0.5 B
NI CKEL CARBONYL Teratogenicity Suggestive 0. 25 437 A

Enbryo/fetal Toxicity
NI CKEL OXI DE No Dat a ND
NI TROBENZENE No Dat a ND
PENTACHL OROPHENOL Severe Enmbryo/fetal Toxicity Suggestive 5 27 B
PHENOL No Dat a ND
PHOSPHORI C ACI D No Dat a ND
PHTHALI C ANHYDRI DE No Dat a ND
PCB AROCCHLOR 1242 Mat er nal Reproductive Subst anti al 0.94 A

Toxicity

conti nued .




TABLE 11 -33.

SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICI TY FOR 110 CHEM CALS

conti nued
CHEM CAL TYPE OF TOXICI TY VEEI GHT OF LOEL Rl SK SCORE
EVI DENCE (nmy/ kg/ day) RATI O
PCB AROCHLOR 1248 Mat er nal Reproductive Suggesti ve 0.08 A
Toxicity
Enbryo/fetal Toxicity
Post devel opnental Toxicity
PCB AROCCHLOR 1254 Post nat al Devel opnent al Subst ant i al 0. 06* 21,583 A*
Toxicity
PCB KANACHLOR 300 No Dat a ND
PCB KANACHLOR 400 I nsuf ficient Epi demi ol ogy E
Dat a
PCB KANACHLOR 500 Terat ogenicity Subst anti al 20 A
Post devel opnental Toxicity
PROPYL ALCOHOL No Dat a ND
PROPYLENE OXI DE No Dat a ND
RESORCI NOL No Dat a
SELENI UM Teratogenicity | nadequat e Dat a ND

Reproductive Toxicity

conti nued




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXI CI TY

FOR 110 CHEM CALS

conti nued
CHEM CAL TYPE OF TOXICI TY V\EI GHT OF LOEL Rl SK SCORE
EVI DENCE (rmg/ kg/ day) RATI O
1, 1, 1-TRI CHLORCETHANE Moder at e Enbryo/f et al Suggestive 415 Dy
Toxicity;
Mat er nal Reproductive
Toxicity
1, 1, 2-TRI CHLORCETHANE No Dat a ND
TRI CHLORCETHYLENE Severe Enbryo/fetal Subst anti al 27. 3% A
Toxicity
2, 4, 6- TRl CHLOROPHENOL
TRI ETHYLAM NE Mat er nal Reproducti ve Suggesti ve 2.5 A
Toxicity
VANADI UM No Dat a ND
VANADI UM PENTOXI DE No Dat a ND
VI NYL ACETATE No Dat a ND
VI NYL CHLORI DE Moder ate Enmbryo/fetal Suggesti ve 42. 6* B*

Toxicity

conti nued .




TABLE 11-33. SCORES FOR DEVELOPMENTAL AND REPRODUCTI VE TOXICI TY FOR 110 CHEM CALS conti nued

CHEM CAL TYPE OF TOXICI TY VEI GHT OF LOEL Rl SK SCORE
EVI DENCE (nmg/ kg/ day) RATI O
VI NYLI DENE CHLORI DE Moder at e Enbryo/ f et al Suggesti ve 28 D
Toxicity
m XYLENE Severe Enbryo/fetal I nsufficient 900* E
Toxicity
O XYLENE Mat er nal Reproductive Suggesti ve 45 B
p- XYLENE Moder at e Enbryo/ fet al Suggestive 45 B
Toxicity
M XED XYLENES Teratogenicity Enbryo/fetal Suggestive 2.06 C
toxicity
1. Lowest bservable Effect Level, when acconpanied by an asterisk (*) then value was not taken

froma dose-response curve, because only one dose used in study.
Risk Ratio is equal to LCEL - LD using sanme species and route of exposure.

+ = only one dose used in study; score is aligned with effect(s) to which it
corresponds.



and reproductive toxicants: one which gives the highest
rank to those which are nost |ikely to produce adverse
effects in humans; the other which ranks highest those which
may produce adverse effects at | ower exposure |evels.
Nei t her approach al one woul d nmake full use of all available
data and therefore chem cals which appear hazardous on
either count could be mssed. |In addition, by relying on
sone but not all data, either approach al one overinterprets
two highly uncertain procedures: extrapol ation of ani nal
data to humans and quantitative estinmation of "safe"
exposure. Finally, neither approach alone allows for a

rel ative ranki ng of hazard anong chem cal s.

The system descri bed here addresses each of these
points. It offers a nethodology for evaluating the quality
of the data, and for stratifying it into types of effects,
wei ght - of - evi dence cat egories, and ranges of potency.
Finally, the systemoffers a nethodol ogy for conbining these
elements in a two- or three-dinensional matrix in order to
assign agents into broad hazard categories. Thus, al
avai l abl e valid data are utilized, and the uncertainties are
addressed by not over-enphasi zi ng any one conponent. The
met hodol ogy provides a useful risk assessnment tool. It can
be used to rank substances according to hazards, to identify
a range of adverse devel opnental /reproductive effects, and
to highlight areas needing further investigation.

8. Sunmary

Devel opnmental and reproductive toxicity covers all nale
and femal e reproductive effects, as well as effects in the
devel opi ng enbryo or fetus, resulting fromchem ca
exposure. It includes teratogenicity (structural,
functional, and behavioral abnornmality), enbryo or fetal
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toxicity, postnatal and perinatal devel opnental toxicity,
and reproductive toxicity.

Three paraneters are used in scoring for devel opnenta
and reproductive toxicity: weight-of-evidence, |ow observed
effect level (LCEL), and/or risk ratio. Wi ght-of-evidence
categories are assigned on the basis of "adequate" data from
epi dem ol ogi cal and experinmental studies. Each endpoint
studied is eval uated i ndependently, then assigned to a
wei ght - of - evi dence category. The LOEL corresponds to the
| owest dose at which statistically significant adverse
effects were observed. The risk-ratio is the published LDsg
or LGy for a given species and route of exposure divided by
the LCEL for the sane species and route. Risk-ratio is
designed to elimnate maternal toxicity as a factor in
observed effects and therefore applies only to devel opnental
effects. Both LOEL and risk-ratio provide a quantitative
basis for conparing and di stinguishing chemcals in regard
to degree of hazard. Only studies classified as providing
"adequat e" data are used to calculate LOEL or risk-ratio
val ues.

Al information, including data quality anal yses, study

findings and rel evant calculations, is |isted on worksheets.
Based on all the avail able data, a score from

A-E or ND is assigned. Scoring reflects a bal ance between
the qualitative and quantitative evidence, such that
wei ght - of - evi dence, LCEL, and risk-ratio are factored
t oget her and assessed on the basis of a scoring matrix
designed for this purpose. The system conbines the
flexibility of case-by-case analysis and the consistency of
a standardi zed approach.
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10. Devel opnental and Reproductive Toxicity Wrksheets

The eval uation of devel opnental /reproductive toxicity
i nvol ves the use of up to six separate worksheets for
studi es obtained for a given chemcal. Four are used to
assess data quality since CHEMrelies on primary literature,
one is used to describe the effects and response | evels
observed, and one is used to summarize all the above data
for scoring purposes. To aid in the organization of a |large
nunber of studies, each study is assigned an identification
nunber for easy reference. For exanple, if ten studies were
eval uated for a given chem cal, each is assigned a nunber in
the order it was obtained, and subsequently identified as
study #1 of 10, #2 of 10, etc. The worksheets for one
sanpl e chem cal are ordered as foll ows:

o] "Assessnment of Studies for Scoring"” - one page per
chem cal, summarizing effects, dose levels, data
gqual ity assessnents, and other information for each
study judged to be of "adequate" quality, and used for
scoring.

o] "Description of Effects"” - one page for each study,
used to record informati on about species tested,
exposure conditions, and effects observed.

o] "General Information"” - one page for each study, used
as a checklist to record information pertaining to the
data quality assessnent.

o] "Teratogenic Study" - if the study described above is a
study of teratogenicity, this worksheet is filled out,
to assess data quality.

o] Perinatal and Postnatal Study" - if the study pertains
to perinatal or postnatal developnental toxicity, this
wor ksheet is filled out.

o] "Fertility and Reproductive Study" - if the study
pertains to effects on fertility or reproduction, in
mal es or females, this worksheet is filled out.

Thus, for each study, the "Description of Effects” and
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"Ceneral Information"” worksheets are filled out, as well as
one of the effect category worksheets above as appropri ate.
For reference purposes, each worksheet page pertaining to a
particul ar study is nunbered, e.g., page 1 of 3, page 2 of 3
etc. Since nore than one study, or type of study, may be
avai |l abl e, each chem cal nay have a nunber of worksheets and
pages. Wrksheets are described below, in the order in

whi ch t hey appear.

ASSESSMVENT OF STUDI ES FOR SCORI NG

Thi s worksheet is used to sumarize the data contained
in all the other worksheets, for scoring purposes. At the
top of the worksheet, the followi ng information is given:
type and title of worksheet, chem cal nanme, CAS code, date
wor ksheet was conpl eted, Final Score, and Fi nal
Wei ght - of - Evi dence. Wbrksheet columms are described in
detail bel ow

Study #: identification nunber assigned to each study.
Nunbers are assigned in the order studies are obtained,
begining with #1. Once assi gned, nunbers do not
change, so that a study has the sane nunbers throughout
all the worksheets. A file of studies for each
chem cal has been established, and the sane
identification nunber is witten on the first page of
the study as well. However, since this worksheet is
used for scoring, studies judged by the Departnent to
be "inadequate" are not included here. Therefore,

m ssi ng sequential nunbers result because sone studies
wer e excl uded.

Author: |ast nanme of first author and date of publication
appear here.
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Ani mal / Rout e: ani mal species used in experinent, and route

Dose-

of adm nistration of test chem cal.

Response: when a study provides evidence of a dose-

response rel ationship, a "yes' is entered, otherw se a

"no’ appears. This colum is useful in determning the
LCEL. For exanple, when a study is conducted using one
dose, no dose-response rel ationship can be determ ned

and the LOEL is marked with an asteri sk.

Ef fect and Lowest Dose: type of devel opnental or

reproductive effect and | owest dose at which the effect
was observed. Definitions of each type of effect
appear in Part |11, section F. Tables I1-20 and I1-21
Iist exanples of each.

Maternal Toxicity: a "yes' or "no' appears in this colum,

NOTE:

i ndi cati ng whether maternal toxicity was observed in
conjunction with enbryo or fetal effects at the | owest
dose recorded in the previous colum. This information
is used in assigning the weight-of-evidence for scoring
each study. For exanple, when there is evidence of
teratogenicity in a single study, and no naternal
toxicity is observed, the evidence is classified as
"Suggestive- Goup A'. |If maternal toxicity did occur
in conjunction with teratogenicity, the

wei ght - of - evi dence woul d be "Suggestive- Goup C', and
woul d score | ower.

Due to the extensive amount of data included in this
wor ksheet, the information presented for each study
continues in the next block of columms on the | ower
hal f of the worksheet. The additional columms are
descri bed bel ow.
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Study #: this colum is used to identify the continuing
i nformation on each study fromthe above bl ock of
information, so that study #1 in the first bl ock of
colums is the same as study #1 in the | ower bl ock.
Thus, in the lower block, nore information on the sane
study is presented.

LCEL (Lowest Observed Effect Level): the |owest dose at
whi ch effects occurred, as recorded previously,
expressed as ng/ kg/day. The LOEL is calculated only
for studies judged to be "adequate". "~ Not Applicabl e
appears in this colum when the study is judged to be
"supportive" due to limtations in the study.
"Supportive" studies are used for informational
pur poses only, and do not contribute to the Final
Wei ght - of - Evi dence or Final Score for each chem cal
An asterisk appears next to the LOEL val ue when a
dose-response relationship is not reported. LCEL is
defined in Part 11, section F.

Risk Ratio: the risk ratio is cal cul ated when a study shows

devel opnental toxicity, unless maternal toxicity also
occurred at the LCEL. Risk ratio is not cal culated for
reproductive effects. In either of these cases, " not
appl i cabl e’ appears in this colum.

Quality of Study: only those studies judged to be of

"adequat e" or "supportive" quality appear on this
wor ksheet. Data quality is identified in this colum.

Wei ght - of - Evi dence: a prelimnary wei ght-of-evidence

classification is recorded in this columm for each
"adequat e" study, based on the evidence supplied by
that study. (Each single study generally provides
"Suggestive" evidence.) This information is used to
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assign the Final Weight-of-Evidence, which represents
the total amount of evidence obtained fromall studies
conbi ned. For exanple, if study #1 provides evidence
of teratogenicity, the evidence for study #1 is
classified as "Suggestive." |If study #5 al so provides
evi dence of teratogenicity, study #5 is al so
"Suggestive." \When these two studies are considered
toget her for the Final Wi ght-of-Evidence eval uation
there is "Substantial" evidence of teratogenicity.

Wi ght - of - evi dence categories are defined in Tables
I1-26 and 11 -27.

Score: prelimnary scores assigned to each study
i ndividually are recorded here, based on the
wei ght - of - evi dence, LCEL, and risk ratio val ues
according to the scoring matrix provided in Table
I1-31. Unless studies have been conbi ned for the
wei ght - of - evi dence determ nation, the Final Score wll
be the sane as the highest individual score received.
When two or nore individual studies (each providing
"Suggestive" evidence) showi ng sane effects are
conbi ned, together they provide "Substantial"” evidence
for the effects. The Final Score is then determ ned
usi ng "Substantial" evidence and the | owest LOCEL and/or
hi ghest risk ratio of the two (or nore) studies.

DESCRI PTI ON OF EFFECTS WORKSHEET

This worksheet is filled out for each study obtained
for a chemical. For easy reference, the identification
nunmber of each study is given, as well as the worksheet page
nunber (e.g., 1 of 3). Oher information provided at the
top of the worksheet includes: worksheet title, chem cal
name, CAS code, date worksheet was conpl eted, reference,
classification of study quality, study dose (|l owest dose

191



producing statistically significant effects), effect
(measured at | owest dose), LCEL, and risk ratio. R sk ratio
is "Not Applicable' for reproductive or fertility studies,

or when maternal toxicity occurs in conjunction with enbryo
or fetal effects. Wrksheet Columms are described bel ow

Ani mal / Rout e: animal species and route of adm nistration

used in experinent.

Exposure Conditions: specific days (d) during which

exposure took place (generally gestational days in
devel opnment al studies).

Dose: level (s) of chemical to which animal is exposed,
expressed as ny/ kg/ day.

Teratogenicity: any teratogenic effects observed in the

study. This colum is also used to |ist perinatal and
post nat al devel opnental effects.

NOTE: Columms in the |ower half of the worksheet are
continuations of those in the upper half, but could not be
fit together in a continuous line. It should be noted
therefore that "Enbryo/fetal Toxicity" and

"Mat ernal / Paternal Toxicity" contain reports of effects
occurring at the same dose | evels already recorded under
"Dose" on the top half of the page, just as for
"Teratogenicity."

Enbryofetal Toxicity: enbryo/fetal effects observed in the

study at the dose |evels indicated above ("Dose"),
which are statistically significant (p <.05).

Mat er nal / Paternal Toxicity: reproductive effects in nales

and fermal es are recorded here. In addition, toxicity
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in the maternal organi smwhich occurs in conjunction
wi th devel opnental effects in the enbryo or fetus, is
recorded here as well.

O her: any other pertinent information about the study is
recorded in this colum.

Comments: additional information used to evaluate the
study, such as comrents by the researcher or
i nformation supplied through CHEM is recorded here.
This colum is also used to describe the reasons why a
study has been judged to be of "supportive" or
"i nadequate" quality.

GENERAL | NFORVATI ON WORKSHEET AND FOLLOW NG WORKSHEETS

The | ast four worksheets serve as a series of
checklists for assessing the quality of each study obtai ned
fromthe primary literature. The first worksheet, titled
"Ceneral Information', is filled out for each study. Then,
dependi ng on which type of study it is (teratogenic,
perinatal or postnatal, fertility or reproductive), the
speci fic worksheet for that type of study is also filled
out. The worksheets basically outline FDA and EPA proposed
gui delines for evaluating each of those effects. A brief
description of the worksheets is provided bel ow

GENERAL | NFORNVATI ON

At the top of the page, worksheet title, study and page
nunber, chem cal nane, CAS code, and reference are provided.
The worksheet then describes features of experinental
desi gn, how the data are reported, whether statistical
anal ysis was carried out, and type of study. A checkmark
(X) is used to note which features were included in the
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study. Depending on which type of study is checked at the
bottom one of the three foll owi ng worksheets is filled out
as wel | :

TERATOGENI C STUDY

Thi s worksheet represents a checklist of U S. FDA
gui delines for carrying out a teratogenicity study (see
Appendix G. On this worksheet are specific experinental
procedures in the areas of Study Design and Paraneters
Eval uated. A checkmark next to these paraneters indicates
that the procedure was foll owed.

"Qt her Paraneters Eval uated” includes a list of
toxicity endpoints often studied in teratogenicity studies.
A checkmark next to the paraneter indicates that it was

st udi ed.

Conclusions on Quality of Study: "Adequate",
"Supportive" or "lnadequate" are the terns used for

describing the quality of the study.

FERTI LI TY AND REPRODUCTI VE STUDY

At the top of this worksheet information such as
chem cal name, CAS Code, reference page and study
identification nunber is indicated. The rest of the
wor ksheet outlines the U S. FDA recommended gui del i nes
i ncluding informati on on Study Design (Nunmber of Aninmals and
Dosi ng Schedul e), Paraneters Eval uated (Non-nmating studies
and mating studies), and continues onto an
addi ti onal page due to the length and detail of the specific
protocol requirenents. These specific paraneters basically
outline the m ni mumrecomended experinental requirenents
devel oped by the U S. FDA (see Appendix G. In all cases, a
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checkmark indicates that the procedure was used in the
study. Cccasionally, on a space followi ng the specific
paranmeter nore information is specified; for exanple, for a
study on the reproductive performnce of offspring, the
nunber of generations (typically 2 or 3) may be indicated.

Concl usions on Quality of Study: "Adequate",
"Supportive" or "lnadequate" are the terns used to descri be

the quality of a study.

PERI NATAL AND POSTNATAL STUDY

This worksheet is used for studies testing perinatal
and/ or postnatal devel opnental toxicity of chemicals. At
the top of the worksheet, the title, chem cal nane, CAS
Code, and reference are located. |In the upper right hand
corner of the worksheet the study identification nunber and
page nunber are |isted.

Thi s worksheet outlines information on the Study Design
(dosi ng schedul e) and Paraneters Eval uated. These specific
experinmental procedures are those recomended by the U S
FDA (see Appendix G. As in all previous cases, a checkmark
i ndi cates that the FDA procedure was used.

Conclusions on Quality of Study: "Adequate",

"Supportive" or "lnadequate" are the terns used to descri be
the quality of a study.
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DEVELOPNMENTAL/ REPRODUCTI VE TOXI CI TY WORKSHEET

Assessment of Studies for Scoring

For: CAS Code:
Final Score: Final Weight of Evidence: Date:
STUDY AUTHOR ANIMAL DOSE EFFECT MATERNAL LOEL RISK QUALITY WEIGHT SCORE
# ROUTE RESPONSE AND LOWEST TOXICITY RATIO OF OF
DOSE STUDY EVIDENCE




DEVELOPMENTAL/REPRODUCTIVE TOXICITY WORKSHEET

study #
DESCRIPTION OF EFFECTS page #
FOR:
CAS CODE: REFERENCE: EFFECT:
DATE: QUALITY: LOEL:

STUDY DOSE: RISK RATIO:
ANIMAL/ EXPOSURE DOSE TERATOGENIC EMBRY O/ MATERNAL/ PERI/POST COMMENTS
ROUTE CONDITIONS ITY FETAL PATERNAL -NATAL
TOXICITY REPROD. TOXICITY

TOXICITY




DEVELOPMENTAL/REPRODUCTIVE TOXICITY WORKSHEET

Study # of
page of
GENERAL INFORMATION
FOR:
CAS CODE:
REFERENCE:

EXPERIMENTAL DESIGN

» Controls

_____concurrent
historical

. Dosing Regimen

two or more doses. Number of doses =
high dose non-toxic to dams
low dose ( = a No Observed Effect Level)
*  Number Animals Treated (does not pertain to fertility
And reproductive study protocol)
at least 20 rodents
less than 20 rodents (Number = )
at least 10 rodents
less than 10 rabbits (Number = )

primates (Number = )

DATA REPORTED AS:
number of affected fetuses
per litter
per treatment group
per total exposed
percent of affected fetuses
per litter
per treatment group
per total exposed
number of affected litters
per treatment group
per total exposed
percent of affected litters
per treatment group
per total exposed
average value per pup

STATISTIC

—__V¥&
no

TYPE OF STUDY

teratogenic study
fertility and reproductive study
perinatal and postnatal study



DEVELOPMENTAL/REPRODUCTIVE TOXICITY WORKSHEET

TERATOGENIC STUDY
FOR: CAS CODE:

STUDY DESIGN

control group

untreated males

treatment period covers time of organ formation
fetus delivered by Cesarean section one or two days
prior to parturition.

PARAMETERS EVALUATED

*  FDA recommended

number of fetuses

placement in uterine horn

correlation of fetuses with corpus lutea

number of live and dead fetuses

number of resorptions
early
late

fetal weight

external anomalies

internal anomalies
one third for dissection or Wilson dicing
method for visceral anomalies; if not one
third, then
two thirds for clearing and bone staining
with alizarin: if not two thirds,
then

. Other parameters eval uated
biochemistry
fetal histology
cellular morphology
maternal toxicity
body weight
organ weight
death
percent pregnant
food consumption
clinical signs of toxicity
other
crown-rump length
hematology
organ weight
placenta weight
other

CONCLUSION ON QUALITY OF STUDY:

Study #
page

_of

of

REFERENCE:



DEVELOPMENTAL/REPRODUCTIVE TOXICITY WORKSHEET

FERTILITY AND REPRODUCTIVE STUDY
FOR:

CAS CODE:

REFERENCE:

STUDY DESIGN

®  Number of Animals (minimum)

10 males (rodents)

20 females (rodents)

10 females (rabbits)

number of primates=____

10 males/20 femal es (mating studies)
other

® Dosing Schedule
minimum age of 40 days for males
for premating exposure
femal e premating exposure following
establishment of estrous cycle by
daily vagina smears
____ mating study

____ premating exposure

___ organogenesis exposure

____ gestation exposure

___lactation exposure
____ other

PARAMETERS EVALUATED
® Non-mating Studies
___ studiesusing males
_ testes
___ weight
____ morphology
__ histology
___ biochemistry
___ other
— Sperm
____ motility
____morphology
___ studiesusing females
__ hormonal changes
___ estrous changes
___ other

® Mating studies
___ preimplantation studies
___ sacrifice on day 13 of gestation
__ number and distribution of embryos
presence of empty implantation sites
number of embryos undergoing resorption
___ uterine abnormalities
___ other
___sacrifice on day 20 of gestation
____number of fetuses
___ placement in uterine horn
____correlation of fetuses w/ corporalutea
___ number of live and dead fetuses
____ number of resorptions
_ealy
___ late
__ feta weight
____ external anomalies
____interna anomalies
____onethird for dissection or Wilson
method for visceral anomalies
___ twothirdsfor clearing and bone
staining with dizarin

___ biochemistry
__ feta histology
___cdlular morphology
____ maternal toxicity
__ body weight
____organ weight
__ death
___ percent pregnant
__ food consumption
___ water consumption
___ clinicd signs of toxicity
___ other

____ crown-rump length

___ hematology

__ placentaweight



TERATOGENICITY/REPRODUCTIVE TOXICITY WORKSHEET

study#  of
page __ of
FERTILITY AND REPRODUCTIVE STUDY (continued)
FOR:
CAS CODE:
REFERENCE:

dams delivering
observe labor and delivery
calculate duration of gestation
observations
litter size
ratio male to female pups
number of stillborn
number of live born
gross anomalies
skeletal observations
pup weight
day 1
day 4
day 21
other day
behavior
biochemistry
reproductive performance of offspring
number of generations =
age at production of first litter
ratio of malesto females
runts
deaths
stillborn offspring
failure to breed
congenital abnormalities

CONCLUSIONS ON QUALITY OF STUDY:



DEVELOPMENTAL/REPRODUCTIVE TOXICITY WORKSHEET
Study #

page |

PERINATAL AND POSTNATAL STUDY
FOR:

CAS CODE:

REFERENCE:

STUDY DESIGN

! Dosing Schedule
premating
organogenesis
gestation

perinatal
dams treated pups exposed through lactation

pups treated
other

PARAMETERS EVALUATED

observe labor and delivery
calculate duration of gestation
observations
litter size
ratio of malesto females
number of stillborn
number of liveborn
gross anomalies
skeletal observations
biochemistry
continued dosing through lactation observe
effectson
lactation
nursing
instinct
toxic effects
other

CONCLUSION ON QUALITY OF STUDY:

of

of



G Summary of Health Effects Score Codes

As described throughout Part 11, CHEM produces a score
code for each chem cal in each health effect category.
Scores range fromA to E or F, representing the relative
hazard associated with each chemcal. Table 11-34
illustrates the scoring procedure for ten sanple chem cal s,
eval uated for acute/chronic toxicity (A/C, carcinogenicity
(©, nutagenicity (M, and devel opnental /reproductive
toxicity (DR). See Tables I1-2, 11-3, 11-9, 11-18, 11-31
and 11-32 for the scoring schenes for each of the health
effects categories. Wen toxicity data pertaining to a
particular effect are not available, this is indicated by
"ND (no data) in the appropriate colum. 1In the colum for
carcinogenicity, an asterisk (*) followng the letter score
i ndi cates that potency data were not available to the
Department and the score is based on wei ght-of-evidence
al one. Likew se, an asterisk follow ng
devel opnent al / reproductive toxicity scores indicates that
adequate quantitative data for calculating LOEL or risk
ratio were not avail able, and qualitative data have been
used for scoring. The final scores for all chemcals
eval uated are presented in Table 11-35. M ssing
acute/chronic toxicity scores indicate the |ack of an
occupational limt fromN OSH, ACEH or OSHA for those
chemcals (e.g., mrex).
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TABLE 11 -34.

SCORI NG BASES FOR TEN SAMPLE CHEM CALS

Sel ecti on of

Scoring for
Acut e/ Chroni c

Scoring for

Scoring for

Scoring for
Reproducti ve

Chemi cal MACOL Toxicity Carci nogenicity Mut ageni city Toxicity
Ammoni a |25 ppm (ACA H) MACL is 25 ppm No data No data No data
sel ected rather than severity factor avail abl e avail abl e avail abl e
50 ppm (NI CSH) assignhed is 2,
because:
based on:
oirritant effects 0 severe and
bel ow 50 and 25 ppm chronic
irritant effects
Score is ‘' C Score is ‘'ND Score is ‘ND Score is ‘ND
Benzene |1 ppm (NI OSH) MACL is | ppm Human "Sufficient” " Suggesti ve"
sel ected severity factor Car ci nogen evi dence of evi dence G oup 3

rather than 10 ppm
(ACA H) because

0 systemc effects
bel ow 10 ppm

(chronosomal damage)

assigned is 3,
based on:

0 severe or
irreversible
system c effects
(nervous system
bone marrow,

bl ood)

Score is ‘A

unit risk is
8.1 x 10°
(CAG hunman
st udy)

Score is ‘A

nmut ageni city;
positive
resul ts:

0 one G oup |

o tw Goup Il

otw Goup IlI
bi ossays

Score is ‘A

(m nor enbryo/
fetal toxicity
and mat er nal
toxicity

study 5)

LOEL: 14ng/ kg/d

Ri sk Rati o: not
appl i cabl e

Score is ‘C

conti nued .




TABLE 11 -34.

SCORI NG BASES FOR TEN SAMPLE CHEM CALS,

conti nued

Sel ection of

Scoring for
Acut e/ Chroni c

Scoring for

Scoring for

Scoring for
Reproducti ve

Chemi cal MAOL Toxicity Car ci nogeni city Mut ageni city Toxicity
1, 3- 10 ppm (ACA H) MAOL is | O ppm Pr obabl e Hunman No data "Suggesti ve"
But a- sel ect ed because: severity factor Car ci nogen avail abl e evi dence of
di ene assigned is 1, (evidence in Mat er nal and
based on: m ce and rats) Pat er nal Repro-
ductive toxicity
0 ACA H revi ew of omldirritant Unit risk is LCEL: 397 ng/kg/d
toxicity data effects (only 2.9 x 10°°
nore recent, nore acute or (CAG Ri sk Ratio: not
related to known chronic effects appl i cabl e
effects docunent ed)
Score is ‘' C Score is ‘A Score is ‘ND Score is ‘D
Di chl oro [50ppm (ACA H) MAOL is 50ppm Pr obabl e Human "Substantial" "Suggesti ve
-nmet hane |sel ected rather severity factor Car ci nogen - evi dence of Evi dence Group 3"

t han 75ppm
(NI OCSH) because:

0 Systemic effects
bel ow 75ppm

(car boxyheno-

gl obin formation)

assigned is 3,
based on:

0 severe or
irreversible
systemi c effects
(l'iver, heart,

ki dney, nervous
systenm anoxi a)

Score is ‘B

evi dence of
carci nogenicity
in mce and
rats

Unit risk is
4.1 X 10°°
CAG ani mal
st udy

Score is ‘B

nmut ageni city-
positive
results in:

o0 3 Goup Il
one Goup |11
bi oassays

Score is ‘B

(severe enbryo/
fetal toxicity
study 4)

LOAEL: 381 ng/kg/d

Ri sk Ratio: N A

Score is ‘' D*’

continued .




TABLE 11 -34.

SCORI NG BASES

FOR TEN SAMPLE CHEM CALS,

conti nued

Sel ecti on of

Scoring for
Acut e/ Chroni c

Scoring for

Scoring for

Scoring for
Reproducti ve

Chem cal MACL Toxicity Carcinogenicity Mut ageni city Toxicity
Epi - 0.5 ppm (NI CSH) MAOL is 0.5 ppm Probabl e Human "Sufficient" "Suggestive"
chl or o- sel ected rat her severity factor Car ci nogen - evi dence of evi dence of
hydrin than 2 ppm (ACA H) assigned is 3, evi dence of nmut ageni ci ty- Mat er nal
because: based on: carcinogenicity [positive Reproducti ve
in mce and results in: Toxicity
rats
o Systemic effects 0 severe or Unit risk is o five Goup Il LOAEL: 80O ng/ kg/d
bel ow 2 ppm (liver irreversible 1.2 x 10° two Goup |11
ki dney, nervous irritant effect (CAG, bi oassays
systen (1'ung) i nhal ati on
study in rats)
Score is ‘A Score is ‘B Score is ‘A Score is ‘B
Formal de |1 ppm (ACGA H) MAOL is 1 ppm Probabl e "Substantial " "Suggesti ve
- hyde sel ected rat her severity factor Human evi dence of evi dence
than | ppm (NI OSH) assigned is 2, Car ci nogen nmut ageni city- Pat er nal Repro-
because: based on: positive ductive Toxicity"

o ACA H revi ew
nore recent

0 noderate to
severe or
chronic irritant
effects

o0 Sensitization

Score is ‘B

Unit risk is
1.3 x 10°
(CIT, inhala-

tion study in
nm ce and rats)

Score is ‘B

results in:

o four Goup Il
otw Goup IlI
bi oassays

No mammal i an
systens used so
evi dence not
sufficient

Score is ‘B

LCEL: 6 ng/kg/d

Ri sk Ratio; N A

Score is ‘B*’

conti nued .




TABLE 11 -34.

SCORI NG BASES FOR TEN SAMPLE CHEM CALS,

conti nued

Sel ecti on of

Scoring for
Acut e/ Chroni c

Scoring for

Scoring for

Scoring for
Reproducti ve

Chemi cal MAOL Toxicity Car ci nogenicity Mut ageni city Toxicity
Hydr ogen 10 ppm (ACA H) MAOL is 10 ppm No avail abl e No avail abl e No avail abl e
Sul fi de sel ected rat her severity factor dat a dat a dat a

than 10 ppm (NI OSH) assigned is 2,

because: based on:

0 ACA H review 0 Severe irritant

nore recent Effects

Score is 'B Score is 'ND Score is 'ND Score is 'ND

Met hyl 100 ppm (ACA H) MACL is 100 ppm Non- positive No avail abl e "Suggestive
Met h- sel ected rat her severity factor evi dence. dat a evi dence G oup
acryl at than 100 ppm (NIOCSH) |assigned is 1, No cancer in 3" (severe

because:

0 ACA H revi ew
nore recent

based on:

omld or

transi ent
irritant effects
(nose, throat

only)

Score is 'D

rats and m ce.

Score is ‘F

Score is ‘ND

enbryo/ f et al
toxicity)

LOEL: 435 ny/kg/d

Ri sk Ratio: N A

Score is ‘D¢’

conti nued .




TABLE 11 -34.

SCORI NG BASES FOR TEN SAMPLE CHEM CALS,

conti nued

Sel ecti on of

Scoring for
Acut e/ Chroni c

Scoring for

Scoring for

Scoring for
Repr oducti ve

Chemi cal MAOL Toxicity Carci nogenicity Mut ageni city Toxicity
Styrene 50 ppm (NI CSH) MAOL is 50 ppm Possi bl e Human "Sufficient” "Suggesti ve
sel ected rat her severity factor Car ci nogen. evi dence of evi dence of
than 50 ppm (ACA H) assigned is 3, Evi dence of mut ageni city- severe enbryo/
because: based on: Carcinogenicity |positive fetal toxicity:
in rats and results in:
mal e mce
0 NI CSH review 0 severe or Unit risk is 0 six Goup 11 LOEL: 237.8
nore recent irreversible 5.7 x 107 o one Goup |11 nmgy/ kg/ d
system c effects ( EPA, bi oassays Ri sk Rati o:
(l'iver, nervous i nhal ati on Pendi ng (speci es/
system study in rats) route-specific
LD50 not
avai |l abl e)
Score is 'PB Score is ' C Score is ' A Score is ‘' C’
Tetra- 50 ppm (ACA H) MACL is 50 ppm Pr obabl e Hurman "Substantial " No dat a
chl oro- sel ected rat her severity factor Car ci nogen. evi dence of avai |l abl e
et hyl ene than 50 ppm ( NI OSH) assigned is 3, Evi dence of mut ageni ci ty-

because:

o0 ACA H revi ew
nore recent

based on:

0 severe or
irreversible
system c effects
(l'iver, nervous
system heart)

Score is ‘B

carcinogenicity
in mce and
rats

Unit risk is
5.52 x 10
(NClI, gavage
study in mce)

Score is ‘P

positive
results in:

0 one Goup 11
0 one Goup |11l
bi oassays

Score is ‘C

Score is ‘ND




TABLE 11-35. SUMVARY OF HEALTH EFFECTS SCORES

LETTER CODE
SCORES
Cheni cal AC Cc M DR
Name

Acet al dehyde D B B B
Acet one E ND E ND
Acrylonitrile A A A A*
Ammoni a C ND ND ND
Ani |i ne A C C E
Asbest os A A ND ND
Benzene A A A C
Benzyl Chloride B C* A ND
Beryllium A A ND ND
1, 3- But adi ene C A ND D
n- Butyl Al cohol C ND ND ND
Cadmi um A A ND A
Cal ci um Chromat e A A A ND
Car bon Tetrachl ori de B B C D
Chl or dane A A D B*
Chl ori ne B ND ND ND
Chl or obenzene C C ND ND
Chl or oet hane E ND ND ND
Chl orof orm B B C B
Chl or opr ene A ND C B
Chromic Acid A A ND ND
Chrom um (Met al ) B ND ND ND

conti nued .




TABLE 11-35. SUMVARY OF HEALTH EFFECTS SCORES, continued
LETTER CODE
SCORES
Cheni cal AC C M DR
Name
Chrom um (VI) Compounds A A ND ND
p- Cresol B ND ND ND
Cycl ohexane E ND ND ND
o- bi chl or obenzene C F ND ND
p- Di chl or obenzene C B D ND
1, 2- Di chl or oet hane B B A B
1, 2- Di chl or oet hyl ene E ND ND ND
Di chl or onet hane B B B D*
1, 2- Di chl or opr opane B C C ND
Di et hyl ami ne B ND ND ND
Di - (et hyl) hexyl pht hal ate A B B B
Di nmet hyl f or mam de B ND ND ND
1, 4- Di oxane B B ND ND
Di phenyl A ND D ND
D phenyl ami ne A ND C ND
Epi chl or ohydrin A B A B
Et hanol C ND C B
Et hyl Acetate E ND ND ND
Et hyl Acryl ate B B* ND B
Et hyl Benzene D ND ND ND
Et hyl ene d ycol D ND ND ND
Et hyl Et her D ND D ND

conti nued .




TABLE 11-35. SUMVARY OF HEALTH EFFECTS SCORES, continued
LETTER CODE
SCORES
Chemi cal Name AC C M DR
Fl uori de B ND ND ND
For mal dehyde B B B B*
Hept achl or B A D ND
Hexachl or ocycl opent adi ene A ND ND D*
Hexachl or oet hane B cC ND D
Hexachl or ophene - ND ND A
2- Hexanone B ND ND ND
Hydr azi ne A B* C c
Hydr ogen Chl ori de B ND ND ND
Hydr ogen Fl uori de B ND C ND
Hydr ogen Sul fide B ND ND ND
| soamyl Acetate D ND ND ND
| sobutyl Acetate E ND ND ND
| sobutyl Al cohol D ND ND ND
| sopropyl Acetate E ND ND ND
Lead ND D A*
Lead subacetate B* ND E
Li ndane A B* C ND
Mal ei ¢ Anhydri de B ND ND ND
Met hanoi cC ND E B
2- Met hoxy Et hanol B ND ND B*
Met hyl Acryl ate C ND ND ND

cont | nued




TABLE I11-35. SUMVARY OF HEALTH EFFECTS SCORES,

conti nued

LETTER CODE
SCORES
Cheni cal Name AC C M DR
Met hyl Brom de ND ND ND
Met hyl Et hyl Ketone C ND ND D
Met hyl | sobutyl Ketone B ND ND ND
Met hyl Met hacryl ate D F ND D*
M rex - B* ND ND
Napht hal ene B ND ND ND
Ni ckel B C ND B
Ni ckel Oxide B B* ND ND
Ni t robenzene B ND ND ND
Pent achl or ophenol A ND D B
Phenol B E - ND ND
Phosphoric Acid B ND ND ND
Pht hal i ¢ Anhydri de B E ND ND
PCBs A A ND A
Propyl Al cohol E ND ND ND
Propyl ene Oxi de B C C ND
Resor ci nol C ND D ND
Sel eni um A ND ND ND
Sel eni um Sul fi de A B ND ND
Styrene B C A C*
Sul furic Acid B ND ND ND
1,1,2,2-Tetrachloro-1, 2-di-fluoroe D ND ND ND

t hane

conti nued




TABLE 11-35. SUMVARY OF HEALTH EFFECTS SCORES, conti nued

LETTER CCDE
SCORES
Cheni cal ANC C M DR
Nane
1,1, 2, 2-Tetrachl or oet hane A C C ND
Tetrachl or oet hyl ene B B C ND
Tet r ahydr of ur an D ND ND ND
Tol uene C ND E B
Tol uene Diisocyanate A B ND ND
o- Tol ui di ne B B C ND
1, 1, 1-Trichlo roe thane D E C D*
1, 1, 2-Trichloroethane B C ND ND
Tri chl or oet hyl ene B B A A
2,4,6-Trichl orophenol - B D ND
Tri et hyl anmi ne B ND ND A
Vanadi um B ND ND ND
Vanadi um Pent oxi de B ND C ND
Vi nyl Acetate B ND C ND
Vi nyl Chloride B A B B*
Vi nyl i dene Chl ori de B C C D
Xyl enes (m,0-,p- isoners) C F ND B
* - Score based on on qualitative data only
AIC - Acute/Chronic Toxicity
- Carcinogenicity
M - Mutagenicity

DR - Devel oprnental / Reproductive Toxicity
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Preface to Part 111

The Method to Derive Allowable Anbient Limts has changed
considerably since the draft version published in the Peer Review
Docunment of June, 1985. The purpose of this preface is to
descri be the changes nade, and the reasons for naking those
changes, for the benefit of past reviewers and those having in
t heir possession the 1985 draft docunent.

As described in Part |, the changes resulted from Depart nent
consi deration of coments received on the draft, and an extensive
i n-house review of the proposed nethodol ogy. This effort
i nvol ved updating the toxicological data on the 100 chem cal s
eval uat ed, assessing the adequacy of the draft AALs using
currently accepted nethods of risk assessnent, and reexam ni ng
the scientific concepts enbodied in the draft nethodol ogy. As a
result of this review the Departnent determ ned that the previous
proposal did not make full use of the avail abl e toxicol ogical
data, and did not fully address the Departnent's goal of
protecting public health. The changes incorporated in the
present mnet hodol ogy provide for greater flexibility in selecting
and using the best scientific data in deriving AALs, and nore
preci sely addressing differing types of effects and differing
types of data. Sonme of the changes and additions include
assessnent of avail abl e pharnacoki netic data, consideration of
non-positive data, separate assessnent of threshold and
nont hreshol d effects, and use of quantitative cancer risk
assessnment in the derivation of AALs for those chem cals neeting
strict criteria. These changes reflect the Departnent's
commtnment to utilizing the best available scientific approach to
protecting public health.

In the past, the Departnent proposed to derive allowable
anbient limts by applying a series of adjustnent and uncertainty
factors to selected occupational limts. Thus, while specific
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factors were applied on a case-by-case basis, the procedure
itself was standardi zed and applied to all chem cals, including
t hose associated with nonthreshold effects (i.e.,
carcinogenicity, nmutagenicity). However, because of the
variability in occupational limts, individual potencies, and
types of effects anong the 100 chemi cals, the uncertainty factor
approach was found to be inadequate to conpensate for that
variability in the case of nonthreshold effects for sone

chem cals. Based on current cal cul ations of potency and unit

ri sk, the proposed AALs for carcinogens were shown to be
associated with variable | evels of excess cancer risk, nost of
whi ch were consi dered unacceptably high (greater than 1 x 107°).
Since the sanme uncertainty factors were used for both threshold
and nont hreshol d effects, and since carcinogeni c potency was not
directly factored into the AAL derivation procedure, AALS were
not derived on the basis of cancer risk, and were not as
uniformy protective agai nst threshold and nonthreshold effects
as those now proposed.

The net hodol ogy now proposed addresses those limtations by
di stingui shing threshold from nonthreshold effects, using cancer
potency data directly in the determ nati on of acceptabl e exposure
limts, establishing an upper limt of allowable risk for al
carci nogens (1x10°°, and selecting the final AAL on the basis of
the nost sensitive effect. The effect of these changes is to
produce AALs which are consistently and uniformy protective for
all chemcals. A brief overview of the nethodol ogy is presented
bel ow, followed by a detail ed description of each step.

A. | nt r oducti on

The Method to Derive Allowable Anbient Limts can be divided
into three distinct phases, each with its own concepts and
assunptions. The process is illustrated schematically in Figure
I11-1. A central concept throughout is that threshold effects
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shoul d be di stingui shed fromnonthreshold effects, and each

eval uated separately. In this context, a threshold effect is one
for which a threshold, or dose bel ow which the adverse effect has
not been observed, is currently assumed. As described in CHEM
threshold effects may include acute and chronic effects such as
eye irritation, nervous systemeffects, allergic reactions, and
liver or kidney danage, as well as devel opnental and reproductive
effects. In contrast, nonthreshold effects are defined as
effects for which there is no conclusive or conpelling evidence
of a threshold, and therefore, no "safe" |evel of exposure since
even the smal |l est dose can exert some increnental effect or risk
Carcinogenicity and nutagenicity are considered to be

nont hreshol d effects, and are generally assuned to present sone
degree of risk at any |level of exposure. For this reason, the
Departnment believes it is inportant to distinguish threshold from
nont hreshol d effects, and has devel oped net hodol ogi es to address
each.

The first phase of the AAL derivation procedure is the
threshold effects evaluation. 1In this phase the occupati onal
limt selected as the MAOL (see Part Il, section B "Most
Appropriate QOccupational Limt") is adjusted to account for (1)

di fferences between workplace and environnental exposures, (2)
physi ol ogi cal differences between healthy adult workers and

heal thy children, (3) differences in sensitivity between healthy
wor kers and high risk groups within the general popul ation, and
(4) any limtations or inadequacies in the toxicol ogical database
used by the occupational agency to set the MAOL. Each of these
factors is described in detail in section B(2) below In
addition, an uncertainity factor for docunented threshold effects
not accounted for in the MAOL is applied on a case-by-case basis
as warranted. This value is then divided by a factor of five
(20% of the derived exposure |imt, as discussed in Part 1l
section A-2) to account for other routes of exposure to the

chem cal, such as food or drinking water. This factor will be

3



applied in all cases unless permtting or other relevant

eval uati ons show that exposure from pat hways other than air wll
not occur. The product of this procedure is the Threshold

Ef fects Exposure Limt or TEL, which is designed to account for
all docunented or potential threshold effects (i.e., acute and
chronic toxicity, devel opnental and reproductive toxicity).

Thus, the TEL represents an acceptabl e exposure limt for

t hreshol d ef fects devel oped using the CHEM dat abase, to provide
protection to the general public against the effects

covered. Later in the process this value will be conpared to the
Nont hreshol d Ef fects Exposure Limt (NTEL), and the | ower of the
two is then selected as the Al owable Anbient Limt(AAL). This
assures that the AAL covers all types of effects, including the
nost sensitive effect.

The second phase of the Method to Derive Allowabl e Anbi ent
Limts consists of the nonthreshold effects evaluation. Here,
chem cal s havi ng adequate quantitative evidence of
carcinogenicity are distinguished fromthose that do not, based
on the carcinogenicity assessnent perfornmed through CHEM (see
Part |1, section D). The validity and rel evance of
carcinogenicity bioassays is determ ned on the basis of the
anount, type, and quality of the data available. The criteria
and procedures for identifying and using valid cancer potency
data are detailed in Appendix D. In addition, positive and
non-positive qualitative nmutagenicity data are considered in the
eval uati on of nonthreshold effects, especially when a chem cal
has not been tested for carcinogenicity, but quantitative data on
nmut ageni ¢ potency are not factored into the AAL derivation
procedure. Thus, nutagenicity data carry somewhat |ess weight in
the Departnent's AAL net hodol ogy at this tine because there is no
reliable procedure avail able as yet for quantifying nutagenic
effects on a consistent basis.

Thi s second phase of the Departnent's nethodol ogy
4



i ncorporates two separate processes for devel oping the

Nont hreshol d Ef fects Exposure Limt (NTEL). As noted above, the
basis for the distinction between these two processes lies in
whet her or not there are adequate cancer potency data. The
Depart ment believes that when valid cancer potency data exi st
this informati on should be used to calculate a unit risk for
humans, whi ch can then be used to generate all owabl e exposure

| evel s for nonthreshold effects. However, rather than assum ng
that all chem cals not neeting these criteria are in fact
noncar ci nogens, the Departnent has devel oped an alternate

met hodol ogy for assessing nonthreshold effects when quantitative
data are |l acking, so that potentially significant effects are not
overl ooked. Included in the latter group are cheni cals having
good qualitative evidence of carcinogenicity or nutagenicity but
| acki ng quantitative data on carci nogeni c potency, chem cals
produci ng only non-positive or inconclusive evidence of
carcinogenicity or nmutagenicity, chemcals tested only in flawed
bi oassays or producing results of questionable significance to
humans, and chem cal s whi ch have not been tested. Both positive
and non-positive evidence are considered, and structure-activity
relationship (SAR) analysis is carried out to supplenent the

wei ght - of - evi dence eval uation. Based on the anount, type, and
quality of the data avail able (and SAR anal ysis), uncertainty
factors called Nonthreshold Effects Uncertainty Factors (NTEUF)
are applied to the adjusted MAOL to arrive at an acceptable

nont hreshol d effects exposure limt (NTEL). The procedure is
simlar to that used in Phase One to derive the threshold effects
exposure limt, or TEL.

In summary, the NTEL is derived either on the basis of
gquantitative cancer risk assessnment, set at a |l evel representing

a one in one mllion excess lifetine cancer risk, or on the basis
of an uncertainty factor approach, where the adjusted MAOL (nost
appropriate occupational |imt) is divided by a selected

uncertainty factor as warranted. Each of these steps is



described in detail in follow ng sections. The purpose of the
nmet hodol ogy is to derive an All owable Arbient Limt based on the
avai |l abl e data, and an evaluation of all potential risks.

I n phase three of the nethodology the final AAL is
determ ned by selecting the |lower of the two val ues obtai ned ( TEL
or NTEL), so that both threshold and nonthreshold effects are
addressed. Thus, the Method to Derive Allowable Arbient Limts
is designed to achieve the Departnment's goals of minimzing risk
and protecting public health.

B. Thr eshol d Eff ects Eval uati on

1. | nt r oducti on

The first phase of the Method to Derive Allowabl e Anbi ent
Limts begins with the "nbst appropriate occupational limt"
(MAOL) selected as outlined in Part I1. The MAOL is then
adjusted to provide protection for the general public agai nst
acute and chronic effects. Since occupational |imts have been
desi gned for specified occupational conditions, and not for
environnment al /anbient air settings, it is inportant to account
for these differences and to carefully define the context in
whi ch occupational limts are used.

Next, a threshold effects uncertainty factor (TEUF) for
effects not accounted for in the MACL is applied to the adjusted
MAOL on a case-by-case basis. The operant concept is that
occupational data provide a reasonable starting point for
deriving allowable anmbient Iimts for humans, and that the health
dat a devel oped t hrough CHEM can be used to account for
chem cal -specific toxicity. The Departnment recognizes the
[imtations in using occupationally-derived exposure
concentrations to devel op anbient air guidelines for the general
popul ati on, and therefore proposes a methodol ogy to address

6



those limtations by adjusting MAOLs to account for a range of
effects and conditions. Adjustment and uncertainty factors are
described in detail bel ow

2. Adj ust rent Factors
Cccupational limts are designed to be protective of healthy
adult workers exposed during a 40-hour work week. In contrast,

t he general population is nore heterogeneous, |ess healthy, and
i ncl udes children and high risk groups who may be exposed
continuously. Thus, the Departnment has devel oped a five-step
procedure to adjust the MAOL to reflect environnental exposure
conditions and provide protection to the general popul ation
agai nst acute and chronic health effects. The adjustnent and
uncertainty factors are described in Figure I111-2 and di scussed
in detail bel ow

First, the Departnent extrapolates the MAOL, based on a

40- hour per week exposure, to a val ue based on conti nuous
exposure (168 hours per week), in order to account for exposure
di fferences between occupational and environnental settings. The
next step involves extrapolating froman adult (worker) to a
child, in order to account for ventilation rate and body wei ght
di fferences between adults and children. 1In the third step, the
two adjustnent factors are conbi ned, producing a factor of 7.35.

Dividing the MAOL by 7.35 provides that the dose per kil ogram of
body wei ght per day is normalized fromthe healthy adult (worker)
exposed for eight hours per day, five days per week, to a healthy
child exposed for 24 hours a day, seven days per week. In step
four the adjusted MACL is divided by an uncertainty factor to
account for high risk groups within the population. Finally, an
uncertainty factor (Tox) for inadequacies in the toxicol ogical
dat abase used to set the MAOL is applied on a case-by-case basis.
The resulting value is known as the "Adjusted MAOL". The
adjusted MACL will then be used to calculate

7



FIGURE I'11-2. ADJUSTMENT AND UNCERTAI NTY FACTORS
USED I N THE DERI VATI ON OF TEL AND NTEL*

Adj ust nent Factors

Cccupati onal Exposure 4.2 Derived by converting a 40-hr
> Envi ronmental Exposure wor kweek occupati onal exposure
to a 168-hr. week continuous
envi ronnent al exposure
(168 hr./40 hr. = 4.2)

Adult > Child 1.75 Derived by converting an
exposure based on the adult
average body weight (70 kg.)
and ventilation volune (20
m/ 24 hrs.) to an exposure
based on the child average
body wei ght (20 kg.) and
ventilation volume (10 n¥/ 24
hrs.)

(10 ¥/ 24 hrs.) (70 kg.)
(20 n?/ 24 hrs.) (20 kg.) =

1.75
CQccupati onal Popul ati on 10 Uncertainty factor to
> High Ri sk G oup extrapol ate from an
(intraspecies variability) occupational population to

high risk groups in the
general popul ation.

Tox factor 1-10 Uncertainty factor to
conpensate for inadequacies or
limtations in the toxicity
data used to set MAQL.

(MACL divided by above factors = ADJUSTED MAQOL)

Threshold Effects Uncertainty Factor (TEUF)

for Effects Not Accounted for) — Uncertainty factor of 1, 5 or

10 which accounts primarily for docunented devel opnment al /
reproductive effects not accounted for in the MACL.

Di vi di ng the ADJUSTED MAOL by the TEUF and multiplying by a factor
of 0.2 produces the TEL (Threshold Effects Exposure Linit.)

Nont hreshol d Effects Uncertainty Factor (NTEUF) — Uncertainty
factor of 1-100 (based on carcinogenicity weight of evidence,

mut ageni city wei ght of evidence and structure-activity

rel ati onship analysis.) Dividing the ADJUSTED MAOL by the NTEUF
produces the NTEL (Nonthreshold Effects Exposure Limt).*

*when adequate quantitative carcinogenicity data are not avail abl e




the TEL, and al so the NTEL when quantitative data are not

avai lable. Table Il1-1 shows how the Adjusted MAOL is derived
for ten sanple chemicals. Details of each step are provided
bel ow.

Step 1: Extrapolate from Cccupati onal Exposure to Environnental
Exposure

Wil e occupational |limts are designed to account for a
normal work week of 40 hours, with rest (i.e., non-exposure)
periods of 14-16 hours per day, and two days per week,
anbi ent exposure to contam nants may be continuous. In
order to account for these differences, the MAOL is
extrapol ated to represent a 7-day continuous exposure:

168- hour week

40- hour wor kweek

This is an exposure adjustnent, not a "safety factor"”, since
an individual being exposed to the | ower concentration
continuously will receive the sane dose per unit of body

wei ght as the worker who is exposed at proportionately

hi gher | evels over a shorter period of time (H ckey and
Reist, 1978). 1In applying a factor of 4.2 to the MAOL for
all chemcals, the Departnent is ensuring that the tota

dose to the public within given tine franmes will never
exceed that allowed for workers in a shorter period of tinme.

Regardl ess of the type of effect associated with a
gi ven chem cal, the Departnent believes that exposures to a
nore diverse and sensitive public should be well under
| evel s considered acceptable for the worker who is assuned
to have daily rest or non-exposure periods. The 4.2 factor
applied is the only avail able nmethod for addressing the
i ssues of total dose and possible continuous exposure to the

8
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public. Moreover, it can rarely be said with certainty that
a given chemcal will cause only acute threshold effects.
The concept assumes equival ent daily dose on the basis of
equi val ent total dose. In fact, it is likely that tota
dose and daily dose will not always be equival ent

t oxi col ogically, since continuous exposures my often
present a greater risk than intermttent exposures at the
sane |l evel, due to the lack of a recovery period.
Nevert hel ess, since neither chem cal -specific nor
exposure-specific information are generally avail able, and
t he Departnent nust make practical assunptions on a

consi stent basis, the only nethod available in this context
is to assunme the toxicological equival ence of total doses,
and to account for differences in exposure duration only.

Step 2: Extrapolate fromAdult to Child:

(10nt/ 24 hours) x (70kg) = 1.75
(20n'/ 24 hours) x (20kg)

where: 20nf/ 24 hours = average adult ventilation volume per
24 hours

70kg = average body weight of adult (male)

10nt/ 24 hours = average child's ventilation vol une
per 24 hours

20kg = average body weight of (6 year ol d)
child

It is crucial to account for exposure to children
because children are particularly susceptible to the effects
of air pollution on the basis of:

0 Increased ventilation rates per unit of body weight.

o |Inmature enzyne detoxification systens.

0 |Inmature inmmune systens.



o Higher absorption rates, |lowered excretion rates.
(Cal abrese, 1978)

Thus, the extrapol ation only assures that per unit of body
wei ght, the dose to a child exposed continuously to a given

chemical will not exceed the dose allowed for an adult
wor ker, and is therefore distinguished froma safety or
uncertainty factor. In fact, Phalen et al. (1985) have

denonstrated greater deposition rates in children:

"The conputed particle deposition efficiencies indicate
t hat under nost circunstances smaller (younger) people
wi || have greater trachoebronchi al deposition
efficiencies than | arger (ol der) people. For exanple,
tracheobronchi al dose on a per kil ogram body nass basis
for 5-umdianeter particles nmay be nore than 6 tines

hi gher in the resting newborn than in the resting adult
assum ng equi val ent deposition efficiencies above the

| arynx. "

Also, in addition to the differences between adults and

chil dren descri bed above, increased cellular proliferation
in children may serve to increase the effectiveness of
co-carcinogens. Wile these differences cannot be accounted
for quantitatively in the above equation, such findings
underscore the need for considering the greater
susceptibility of children when deriving acceptabl e exposure
| evel s for the public.

Step 3: Divide MAOL by Both Adjustnment Factors:

Since the nmethod begins with the "nost appropriate
occupational limt" (MAOL) for each chem cal, and each MACL
represents acceptabl e workpl ace exposures for healthy adult
wor kers, the adjustnment factors are applied to al
chemcals. The following fornmula illustrates the nethod
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using steps 1,2, and 3.
MACL = MACL
(4.2) x (1.75) 7.35
Thus, the MAOL is divided by 7.35 in order to account for a

heal t hy child who may be continuously exposed to a given

chem cal. The assunption is that since children are nore
susceptible to the effects of air pollution, protecting the
healthy child will afford protection to the healthy adult as
well. A second assunption is that given the variable
operating schedul es of industrial em ssion sources, the only
way to provide adequate protection to residents throughout
the state is to make the conservative assunption, i.e.,

conti nuous exposure. Since continuous exposure cannot be
ruled out, and is in fact likely in sone areas, this
approach seens to be a reasonable one if a nobile and
variously exposed diverse population is to be protected
(I'ARC, 1982). It should be enphasized that the adjustnent
factors do not actually reduce the MAOL, but only normalize
t he dose over a 168-hour, seven-day period for a 20kg child
breat hi ng 10n? of air per day, and thus assuring a total
dose no greater (per kg of body weight) than the 70kg worker
breat hi ng 20n? of air per day will receive over a 40-hour
peri od.

Step 4: Account for H gh Ri sk Goups (Sensitive Popul ati ons)

The adj ustnent factors descri bed above account for
heal t hy popul ati ons by nmaking a tinme adjustment, and by
considering certain physiological differences between
heal t hy adults and chil dren.

However, it is equally inportant to provide protection
for high risk groups, including the elderly, the chronically
ill, and the hypersensitive. As defined in CHEM a high
ri sk group includes those individuals who woul d experi ence

11



the adverse health effects of the pollutant significantly
before or to a much greater degree than the general
popul ati on because of factors such as the foll ow ng:

Genetic or devel opnental disorders
Serum di sorders

Honeostatic regul atory di sorders

| mmunol ogi cal di sorders

Mal absorptive or metabolic disorders
Di etary deficiencies

Chronic illness

D sease states

Behavi oral factors

pr egnancy

deficiencies in DNA repair systens
excessive cellular proliferation in suspected
target tissues

OO0OO0O0O0O0OO0OO0O0O0OO0OO0

Hi gh risk groups are therefore distinguished from
heal t hy children and adults, for whomthe adjusted MACQL is
assunmed to provide protection against the acute and chronic
effects of chem cal exposure. |In order to provide
protection for high risk groups, an uncertainty factor of 10
is applied to the figure derived in step 3 as foll ows:

MAGL = MAGL

7.35 x 10 73.5

The derivation of the factor of 10 is described in section
E(2) bel ow.

Step 5: Uncertainty Factor For |Inadequate Toxicity Data (TOX)

The TOX factor described bel ow is designed to account
for unknown effects, due to gaps or inadequacies in the
t oxi col ogi cal dat abase used to set the occupational |imt.
Since the MAOL is used to derive allowable anbient limts
for nost chemcals, its adequacy directly affects the
adequacy of the derived AAL. A crucial consideration then
is the type and anount of data used to set the original
occupati onal nunber. Whenever possible, NIOSH, ACAH, and
OSHA use | ong-term human evi dence to establish occupational

12



limts. However, toxicological data are scarce for many of
the chem cals currently in cormmercial use, and this fact is
reflected in the variable quality of the data available to
the three occupational agencies. The Departnment considers
the follow ng types of data inadequate for determ ning

| ong-term exposure |levels for the general popul ation:

0 Exposure - when the data used to derive the MAOL are
limted to acute or high-level exposures (e.g.,
i ndustrial accidents or fatalities), and no | ow | evel
or chroni c exposure data exist.

o Data - when no human toxicity data exist, and the MACL
is based on extrapolations fromani mal data only.

o Effects - when the MACL is set on the basis of acute or

subacute effects only (e.g., irritant properties), and
no data exist as to chronic effects for hunans or
ani nal s.

The Departnent uses an uncertainty factor of 10 to
account for the inadequacies or limtations in the toxicity
data used by NIOSH, ACA@ H, or OSHA to set their occupational
l[imts. Such factors have conmonly been recomrended by
regul ators and scientists when hunan data are unavail abl e,
or when chem cal s have not been tested at low levels or in
chroni c exposures. The typical approach (e.g., NAS, EPA)

i nvol ves applying an uncertainty factor of 10 for each type
of limtation in the data, as follows:

o 10 for interspecies variability (when ani mal data mnust
be used)

o0 10 for subchronic to chronic extrapolation (when
| ong-term exposure data are not avail abl e)

o 10 for intraspecies variability (to protect high risk
groups within the population at | arge)

0o 1-10 for LOAEL to NOAEL extrapol ation (when a

no- observed- adver se-effect | evel cannot be identified
fromthe avail abl e data)

13



Each of these factors is described in detail in subsection
E(2) bel ow.

Thus, in approaches such as that used by EPA,
uncertainty factors of up to 10,000 can be applied to
experinmental data when there is a | ack of both human data
and |l ow 1| evel or chronic exposure data, and "no effect”
| evel s are unidentified (NAS, 1977; USEPA, 1980). However,
occupational data differ fromexperinental data in that
occupational limts generally rely on both human and ani nal
data where avail able, and are derived specifically for
repeat ed human exposures. Therefore, where the EPA woul d
apply a factor of 100, 1000, or nore, to account for
specific deficiencies in the experinental data, the
Department uses a single factor of 10 to account for
uncertainties caused by limtations in the toxicol ogical
dat abase, since the AAL derivation procedure begins with an
occupational limt rather than experinental data.

Table I'11-2 provides exanpl es of chem cals given an
uncertainty factor of 10 for various inadequacies in the
occupational data. Toxicity information is referenced in
each case. The origin, rationale behind, and use of safety
or uncertainty factors are discussed in Section E(2) bel ow

Application to MAOL

It is acknowl edged that sone occupational |evels incorporate

a "margin of safety"” for particular effects, although nost do

not .

Nevert hel ess, margins of safety should not be confused with

safety or uncertainty factors, since each is defined and used

quite differently, with different results. A margin of safety,
as enployed by NIOSH, ACA H, and OSHA, is neant to provide sone
degree of protection against specified effects for a specified

14
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wor ki ng popul ation. It is usually represented as sonme nunber
which is below the | owest observed adverse effect |evel (LQAEL)
for humans or aninmals, often by a factor of two or |ess.

Thus, the resulting nunber may be regarded as a no-effect |evel
for the population and effects specified. |In contrast, an
uncertainty factor normally involves reduci ng docunented effect

| evel s by one to three orders of nagnitude (10,100,1000), and is
designed to account for uncertainties in the qualitative and
gquantitative data (including calculations of LOAEL and "margins
of safety”), as well as intra- or inter-species variations.

Thus, a margin of safety should not be construed as a safety or
uncertainty factor, particularly when using an occupational limt
to derive allowable anbient limts for the general population.
The application of adjustment and uncertainty factors to the
MAOL, even when the MAOL may include sonme "margin of safety",
does not represent an overlap of factors, or an overly
conservative approach, since one is designed to protect against a
specific effect, while the other is designed to account for
uncertainties or gaps in the data (i.e., when specific effects or
dose | evel s cannot be quantified or are unknown).

By applying a total adjustnment factor of 73.5 or 735 to the

MAOL, the Departnment assunes that adequate protection will thus
be afforded agai nst those threshold effects accounted for by the
occupational limt selected as the MAOL. In other words,

what ever degree of protection was afforded to workers by the
occupational limt, is now extended to the general public,

i ncludi ng those nore susceptible to adverse health effects. In

addition, other potentially adverse chronic effects are al so
addressed. In this context, the MACL could be regarded as a "no
observed adverse effect level"™ (NOAEL) for healthy adult workers
which is then extrapolated to a NOAEL for the general popul ation.

However, occupational |limts vary considerably in the degree of
protection afforded against specific effects, and often | eave out
other health effects entirely (e.g., chronic toxicity,
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carcinogenicity, nmutagenicity, devel opnental/reproductive

toxicity). 1In fact, fewer than 50% of the occupational limts
reviewed thus far provide protection against the acute and/or
chronic effects docunented, even for healthy workers. |n nmany
cases then, it is nore accurate to say that occupational limts,

as a group, represent |ow observed-adverse-effect |evels (LQOAELS)
for the popul ations specified and for certain effects. Certainly
t hey shoul d not be considered LOAELs for the general public, and
not NOAELSs.

Clearly, sonme occupational limts do attenpt to incorporate
a margin of safety against certain effects, and sone are clearly
nore adequate than others. However, since the "safety" provided
is limted, and quite variable with respect to specific effects
and specific individuals, it would not be helpful to attenpt to
make arbitrary distinctions anong MAOLs based on subjective
j udgment s of "adequacy". Rather, the Departnent applies
adj ustmrent and High Risk Goup factors to the MACOL on a
consi stent basis, characterizing the MAOL as a
| ow observed- adverse-effect |evel for humans derived from
| ong-term experi ence with human popul ations in controlled
occupational settings. |In this context, the application of
adj ust rent and uncertainty factors to the MACL can be seen as a
reasonabl e approach to deriving allowable anbient limts for a
| arge nunber of chemicals, to protect a diverse popul ation
agai nst a range of effects, in a consistent manner.

As indicated, both the adjustnent factors and uncertainty
factor for high risk groups are applied to all chem cals,
resulting in an adjustnent factor of 73.5. Wen all the known
threshold effects associated with a chem cal have been accounted
for in the MAOL, and the chem cal has been sufficiently studied
to warrant confidence in that limt, further reduction factors
are consi dered unnecessary and MACL/ 73.5 is assuned to be
adequate to protect public health against those threshold
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effects. However, as described above, when adequate | ong-term
human toxicity data are not available, an uncertainity factor
(TOX) is applied. The resulting total adjustnent factor applied
to the MACL nmay then be 735. In addition, when known threshold
effects (identified in CHEM have not been accounted for in the
MAOL (e.g., teratogenicity), the adjusted MACL nay still be
i nadequate. Therefore, an additional factor, called a threshold
effects uncertainty factor (TEUF), may be applied to further
reduce the adjusted MAOL. The TEUF is discussed in detail bel ow.
Nont hreshol d effects are addressed separately. The procedure
for evaluating non-threshold effects is described in section C

4., Threshol d Effects Uncertai nty Factor (TEUF)

The Departnent uses the health effects data devel oped
t hrough CHEM to assign chem cal -specific "threshold effects
uncertainty factors" to account for known threshold effects,
since the adjustnent factors described in section B(2) above
pertain only to exposure conditions and inter- or intraspecies
variability, and do not account for specific toxic effects.

As described in Part 11, occupational Iimts are devel oped
by NICSH, AC@H, and OSHA, who provide docunentation as to the
health effects and prevention objectives considered in setting
their respective occupational limts. In CHEM this
docunentation is used to select the MAOL and to provide health
data for scoring acute/chronic toxicity. Al the health effects
data obtained from N OSH, ACEH, and OSHA are recorded on
wor ksheets for acute/chronic toxicity, and summari zed again on
t he worksheets used in the selection of the MAOL. Since each
occupational agency clearly identifies the health effects

accounted for in the occupational |limt, as well as the extent of
protection intended, identifying those effects not accounted for
inthe MAOL is generally a straightforward exercise. |Information

about effects not accounted for can cone either fromthe
17



occupational sources thenselves or fromthe conprehensive health
effects data devel oped t hrough CHEM

For exanpl e, because many occupational limts were devel oped
prior to the availability of current experinmental results,
devel opnental toxicity is often not considered by NI OSH ACd H,
and OSHA in setting their occupational limts. Wen the health
effects assessnment indicates that a chemical is associated with
devel opnental or reproductive toxicity, and this evidence was not
considered by NIOSH, ACGH, or OSHA in setting an occupati onal
limt, the nethodol ogy to derive AALs incorporates a threshold
effects uncertainty factor to account for this effect. The size
of the factor is determ ned by the score for that health effect
category. Since health effects scores are basically descriptive,
and represent a relative ranking with respect to degree of
hazard, selection of the threshold effects uncertainty factor
bears a direct relationship to estimated hazard. Thus, high
scores (A or "B') receive a factor of 10, while | ower scores
("C or "D) receive a factor of 5. 1In the case of acute and
chronic toxicity, an uncertainty factor will be applied only if
ef fects have been docunented at | evels bel ow the adjusted MAQL,
since the MACL is intended to cover nost threshold effects other
t han devel opnental and reproductive toxicity. Therefore, the
TEUF factor pertains primarily to docunented devel opnental and
reproductive effects not accounted for in the MAOL. However,
exceptions may at times be warranted. One exanple m ght be

i mmune conpetence. If imune systemeffects were detected in
humans or aninmals at a |l evel below the adjusted MAOL, an ENA
factor could be applied for acute and chronic toxicity. In any

case, the ENA factor can be applied only once, either for acute
and chronic toxicity, or for devel opnental and reproductive
toxicity, unless the denonstrated effect level is so |ow that
even a factor of 10 is inadequate. The Departnent is not aware
of any exanples of such a case, however. O the nore than 100
chem cals evaluated to date, 26 received a Threshold Effects

18



Uncertainty Factor (TEUF) of 5 or 10 for devel opnental or
reproductive effects not accounted for, and none received a
factor based on acute or chronic effects unaccounted for (see
Table I'11-5).

5. Threshold Effects Exposure Limt (TEL)

The Threshold Effects Exposure Limt (TEL) is derived by
di vidi ng the adjusted MACL by the appropriate TEUF and appl yi ng
the relative source contribution factor of 20% (Anbient air is
assunmed to represent 20% of the total exposure to any given
conmpound). The TEL is derived based on information devel oped
t hrough t he CHEM assessnent of threshold effects and is the
result of the threshold effects evaluation. The TEL is the
concentration that is allowable based on protection agai nst
threshold health effects. Thus,
TEL = Adjusted MAOL = (MAOL ) 73.5 or 735)
(TEUF) (5) (1 or 5 or 10)(20% factor)

C. Nonthreshold Effects Eval uati on

1. | nt r oducti on

As described in the introductory overview, the
nont hreshol d effects evaluation is the second phase in the
AAL derivation nethodol ogy, and conprises two separate
procedures. The product of the evaluation is the
Nont hreshol d Ef fects Exposure Limt (NTEL), which is
designed to provide protection agai nst nonthreshold effects
based on estimates of potential risks to humans from
carcinogenicity and mutagenicity. Which procedure is used
depends upon the availability of quantitative data on cancer
potency. \When there are sufficient valid data on cancer
potency to calculate a unit risk, the derived NTEL is based
on quantitative cancer risk estimates. 1In this case the
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NTEL is set at a concentration corresponding to an excess

lifetime risk of one in one nmillion (1 x 10°%. How this
nunber will be used is described in Part |, section C4, and
Part |11, section E. Mitagenic potency is not factored in

because there is no reliable nethod for interpreting these
data as yet.

When quantitative cancer potency data are either not
avai l abl e or not toxicologically adequate, an alternate
nmet hodol ogy is used to derive the NTEL. This alternative
approach is based on the use of uncertainty factors to
estimate potential risks fromnonthreshold effects. The
procedure invol ves eval uati ng the wei ght-of -evi dence for
carcinogenicity and mutagenicity, and applying nonthreshold
effects uncertainty factors (NTEUF) ranging from1l - 100 on
a case-by-case basis depending on the amount and type of
evi dence avail able. Both positive and non-positive evidence

are considered (see Part Il, sections D and E

wei ght - of - evi dence Tables I1-7 and 11-18). At |east two
adequat e ani mal bi oassays produci ng non-positive results are
required for a designation of non-positive evidence. In

assigning uncertainty factors to a given chemcal, one with
substantial positive evidence of carcinogenicity would
receive a larger factor than a chem cal having only

equi vocal evidence. Mitagenicity evidence is considered in
the sane way. Wen a chem cal has not been tested for
carcinogenicity and/or nutagenicity, Structure-Activity

Rel ationship (SAR) analysis is carried out according to FDA
procedures for classifying direct food additives (see
Appendi x H), and this information is also considered in
assigning uncertainty factors. The procedures used are
described in detail below (Section 3). The specific
uncertainty factors and criteria for their selection are
provided in Table I11-3.
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2. Procedure One - Use of Quantitative Cancer Risk
Assessnent to Determ ne the Nonthreshold Effects Exposure
Limt (NTEL)

This procedure is used to determ ne the NTEL when
adequate quantitative data on carcinogenicity exist. The
data sources for quantitative carcinogenicity data were
di scussed in Part Il Section D(2). Procedure One is used
when there is a unit risk val ue devel oped by the Departnent,
the EPA, or some other qualified party, and adopted by the
Departnment. Appendi x D describes the criteria used to
determ ne whether a particular study is adequate for
guantitative risk assessnent, and the procedures used to
calculate unit risk, when the data are adequate. Appendix E
presents detailed sunmmari es of the cancer unit risk
calculations for the chemcals evaluated thus far. A list
of the chemicals for which the unit risk is used to
determ ne the NTEL, and the unit risk value, are listed in
Table D-2 in Appendi x D.

The unit risk is an estimate of the excess lifetine
carcinogenic risk for lifetine exposure to 1 ug/nt of the
chemical in air. This value is used to calculate the
concentration which corresponds to a cancer risk of one in
one mllion (10%. This risk level has been adopted by the
Department as the maxi num all owabl e risk for a single
pollutant. For chemicals neeting the criteria outlined in
Appendi x D the NTEL will be the concentration cal culated to
correspond to that |evel.

3. Procedure Two - Use of Nonthreshold Effects Uncertainty
Factors (NTEUF) to Determ ne the Nonthreshold Effects
Exposure Limt (NTEL)

The purpose of the second procedure for eval uating
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nont hreshol d effects is to determ ne the NTEL when adequate
guantitative data on carcinogenicity are unavailable. This
situation arises when a chem cal has not been tested for
those effects, or when existing quantitative data are either
unavail able to the Departnent (e.g., hydrazine) or

i nadequate toxicologically for calculating unit risk for
humans. One exanple of the latter case is ethyl acrylate.
Gavage studies in rodents produced only |ocalized tunors of
the forestomach, an effect apparently linked to the high

| ocal concentration caused by gavage exposure. Since the
route of exposure and tunor type produced are of
guestionabl e rel evance to humans, a unit risk was not
calculated for this chem cal (detailed discussions of this
and ot her evaluations are provided in Appendi x E).
Nevert hel ess, positive evidence of carcinogencicity in
adequat el y conducted studi es cannot be dism ssed, even

t hough the data may not neet the Departnent's criteria for
conducting quantitative dose-response assessnment. In these
cases, the weight-of-evidence for carcinogenicity and

mut ageni city are considered in assigning uncertainty factors
for nonthreshold effects, as described bel ow

Since lack of data is not equivalent to | ack of hazard
or risk, the Departnment has the responsibility to evaluate
potential risks to humans, even in the absence of
guantitative data, and to protect the public against those
risks to the extent possible. Accordingly, the Departnent
has devel oped a net hodol ogy to evaluate the potential for
nont hreshol d effects which nmay be associated with a given
chemi cal, and uses that information to derive an NTEL by
appl ying an uncertainty factor to the adjusted MAQL
(adj usted MAOL divided by specified uncertainty factor).
The nunerical value of the factor assigned in each case
depends upon the anount, quality, and type of data avail abl e
on carcinogenicity and nutagenicity, as well as an
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eval uation of structure-activity relationships. Thus,

assi gnment of the Nonthreshold Effects Uncertainty Factor
(NTEUF) is based on an evaluation of three factors:

wei ght - of - evi dence for both carcinogenicity and

mut agenicity, and structure-activity relationship (SAR)
analysis. Table I11-3 shows the matri x approach used for
wei ghting the three factors. As the table shows, both
positive and non-positive (null) data are reviewed and

eval uated, using the scores and assessnent net hods devel oped
t hrough CHEM (see Part 11, sections A, D, and E). Cheni cal
structure is also evaluated in order to account for serious,
unknown toxic effects. The Departnment currently relies upon
establ i shed Food and Drug Adm nistration (FDA) procedures
for classifying direct food additives (1982) to identify
substances with a high risk chem cal structure (those

bel onging to FDA' s highest toxicity classification).

However, the Departnent plans to adopt the guidelines and

i nformati on devel oped by EPA's O fice of Toxic Substances
when these beconme avail abl e.

In the FDA procedure, chemi cals are assigned to one of
three structural classes (A, B, or C on the basis of their
structural simlarity to known toxicants. Category A
represents structures or chem cals of |east concern;

Cat egory B, noderate concern; and Category C, a high |evel

of concern. Each of these sub-structure tables is
reproduced in Appendix H of this docunent. Nonthreshold
effects uncertainty factors are assigned on the basis of
Sub-structure Category C (nost toxic) only. Thus, in Tables
[11-3 and I111-6, a positive or negative sign in the SAR
colum neans that the chemical is (+) or is not (-)
associated with the highest toxicity category

(Cat egory/ Table C).

As shown in Table I11-3, nonthreshold effects
23



uncertainty factors ranging from1l - 100 are applied to the
adj usted MACOL, depending on the amount of positive or

non- posi tive evi dence of carcinogenicity and/or

nmut ageni city, and the presence or absence of high toxicity
chem cal structure. |[If no data exist for a given chem cal,
and SAR anal ysis does not indicate high toxicity, a factor
of 1 is applied.

Li kewi se, when a chem cal has been adequately tested
and is shown to be non-positive with respect to nonthreshol d
effects, an uncertainty factor of 1 is applied in this case
as well. On the other hand, an uncertainty factor of 100 is
appl i ed when there is substantial evidence of
carcinogenicity, a factor of 50 for sufficient or
substanti al evidence of nutagenicity, a factor of ten when
the chem cal has not been studied but SAR anal ysis indicates
high toxicity, and so on. The SAR analysis is suppl enentary
to the wei ght-of-evidence evaluation, so that |ack of data
is not translated into lack of risk, and potential effects
are not overl ooked sinply because a chem cal has not yet
been tested. The advantages of the nethod described are
that | ack of usable data is distinguished fromnon-positive
data, and the nonthreshold effects exposure limt (NTEL)
accounts for all potential nonthreshold effects. Criteria
publ i shed by EPA (1984b, 1984c, 1984d), |ARC (1980, 1982),
and NAS (1977, 1983) are used to judge the reliability of
tests producing non-positive results, as described in CHEM
Part Il of this docunent.

Sel ection of the AAL

The final step in the derivation of the AAL is a
conparison of the TEL and the NTEL. The |ower of these two
values is selected as the AAL. This procedure insures that
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the AAL set by the Departnent provides protection for the
nost sensitive health endpoint. The AAL in all cases
corresponds to a maxi num al | owabl e excess lifetime cancer
risk of one in one million (10°° or Iess.

Requl atory Context for the Use of Uncertainty Factors

1. R sk Assessnent and R sk Managenent

Ri sk assessnent is the conponent of a regul atory
process which defines the magnitude of adverse health
consequences associated with exposure to toxic chem cals.
The ot her conponent, risk nmanagenent, conbines the products
of risk assessnent with soci oeconom c, technical, political,
and ot her considerations to reach a decision as to whether
and how nmuch to control exposure to the toxic chem cal

The National Research Council (NRC) has defined risk
assessnment as being conprised of sone or all of the
foll ow ng conponents: hazard identification, dose-response
assessnment, exposure assessnent, and risk characterization
(NRC, 1983). The Massachusetts Chem cal Health Effects
Assessnent Met hodol ogy (CHEM represents a tool for
perform ng two of the risk assessnment steps for substances
whi ch nmay cause adverse health effects in humans. CHEM
focuses on hazard identification and dose-response
assessnent. It does not address exposure assessnment or
ri sk characterization. Hazard identification involves
eval uation of qualitative data for purposes of assessing the
i kelihood that an agent may present a hazard to humans. In
CHEM hazard identification is done through the
"wei ght - of - evi dence" classification. Dose-response
assessnment involves estimating the magnitude of an effect at
a given dose. It is perforned in CHEMfor all health
effects categories except nutagenicity. Each health effect
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category requires uni que considerations regarding definition
and interpretation of biological endpoints. As a result, a
di fferent approach for assessing dose-response is used in
each category. Thus, the carcinogenicity category uses a
unit risk value, acute/chronic toxicity relies on the

numeri cal value of the occupational exposure limt, and the
devel opnment al / reproductive toxicity category uses

| ow- adverse-effect level and risk rati o concepts.

As described in the foregoing sections, the nmethod to
derive Allowable Anrbient Limts is one of the tools used by
t he Departnent to conduct risk managenent. This tool is a
conpl ex design consisting of several conponents: nost
appropriate occupational |limt as one neasure of potenti al
hazards to humans, hazard assessnent in four health effects
categories codified through CHEM application of uncertainty
factors in extrapolation of toxicological data, policy
deci sions regarding uncertainty and | ack of toxicity data,
and quantitative cancer risk assessnent for carcinogens.

Al'l owabl e Anmbient Limts (AALs) are an essential bridge

bet ween scientific docunentation of a substance's ability to

produce adverse health effects, and regulatory policy ained

at protection of the general population fromthese effects.
In the case of carcinogens for exanple, the Departnent has

desi gnat ed one chance in one mllion as the maxi mum

al | owabl e excess lifetime cancer risk for individual

chem cal s, and has set AALs for carcinogens at or bel ow t hat

| evel. The AALs, in conbination with an air toxics

i npl enentation plan, constitute the risk managenent

conponent of the Departnent's Air Toxics Program The

present docunment does not include a discussion of the

i npl enent ati on pl an.
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2. H story and Rationale Behind the Use of Uncertainty
Factors in Regul ati on of Toxic Substances

Uncertainty factors reflect the degree of uncertainty
t hat must be consi dered when quantitative predictions are
made about the consequences of human exposure to toxic
substances. They are used extensively by regul atory
agencies in extrapolating animal data to hunmans and to
account for gaps in the data. |In that context, they are
usual ly applied to a no-observed-adverse-effect |evel
(NQAEL) or | owest observed-adverse-effect |evel (LOAEL), and
thus are used for effects currently assumed to have a
threshold. Uncertainty factors provide a useful mechani sm
for dealing with an inadequate database and the uncertainty
i nherent in extrapolation of animal data to humans. If it
were not for the uncertainties about extrapol ation
processes, there would be little need for such factors
(Cal abrese, 1978).

The National Acadeny of Science has devel oped
gui delines for using uncertainty factors in conjunction with
t he net hodol ogy to determ ne "acceptable daily intake" (ADI)
of toxic substances through ingestion (NAS, 1977). As used
by EPA, FDA, NAS and others, uncertainty factors are
designed to account for:
0 Intraspecies variability.

0 Interspecies variability.

0 Extrapolation from subchronic exposure to
chroni c exposure.

o Extrapol ation froml owest observed-adverse-effect |evel
(LOAEL) to no-observed-adverse effect |evel (NOAEL).

The history and scientific bases of uncertainty factors
in regulation of toxic substances have been revi ewed by
Dourson and Stara (1983) and are discussed in detail bel ow
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The di scussion pertains not to the CHEM and AAL net hodol ogy,
but to the use of uncertainty factors by other agencies or
groups in various regulatory contexts, in order to provide
background i nformati on about the origin of such factors.

a. I ntraspecies Variability

The uncertainty factor of 10 for intraspecies
variability is to protect high risk groups, or those
i ndi viduals who will experience an adverse health effect to
one or nore pollutants to a greater degree or significantly
before the general popul ation, because of one or nore
factors which predi spose the individual to those effects.
In an attenpt to ascertain the extent to which a 10-fold
dose reduction protects sensitive nenbers of the aninal
popul ati on, Dourson and Stara (1983) exanmi ned the range of
probit, |og-dose slopes from 490 ani mal studies of acute
lethality conpiled by Wil (1972). As shown in Figure
I11-3, the slopes varied fromapproximately 1.4 to 65. The
adjustnment factors in Figure I11-3 represent reductions in
the mlligrans per kilogram (ng/kg) body wei ght dose needed
to scal e down a medi an response by three probits.
Approxi mately 92% of the probit, |og-dose slopes had val ues
greater than three. This would require a dose reduction of
ten to drop the medi an response at |east three standard
deviations, to a level protective of the sensitive
| aboratory animal. However, for those chemcals in the
sanpl e having a probit, |og-dose slope of less than three, a
10-fol d reduction in dose could not achieve a simlar
reduction in response.

While a 10-fold reducti on nay appear conservative, the
cal cul ated sl opes were derived on the basis of |aboratory
rats which are | ess heterogeneous in response to toxicity
t han human popul ati ons. Thus, the 10-fold factor may be
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FIGURE 1lI-3 Intraspecies Adjustment Factor
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protective of the sensitive |aboratory aninmal, but nay not
be adequate to protect hunmans, because the human popul ation
is nore heterogeneous than the ani mal popul ati on.

Laboratory animals are usually inbred and genetically
honbgeneous, are tested under highly standardized
conditions, with controlled environnments (e.g. diet,
tenperature, humdity, light-dark cycles), and subject to
limted, controlled exposures. |In contrast, hunans are

het er ogeneous with respect to genetic make-up, lifestyle,
medi cal history, exposure history, age, sex, inmunol ogical
status, and sensitivity to the adverse effects of chem cal
exposures. They live under a variety of environnental
conditions, are subject to a variety of chem cal exposures,
and are likely to include subgroups of unusual sensitivity
to toxic substances. Geater heterogeneity is associated
with | ower slopes and requires correspondi ngly greater dose
reductions. Experinmental work by Krasovskii (1976) supports
the use of an intraspecies variability factor between 18-30.
O her witers discuss the use of even higher factors (Mantel
and Bryan, 1961; Munro and Krewski, 1981; Gser, 1969).

Contributing to the problemof defining risk is the
fact that all nmenbers of the popul ation are exposed to
environnmental pollutants regardl ess of the differences
descri bed above. The range of individual variability in
ternms of physiological neasures is ill-defined and is often
not "normally distributed" in the healthy popul ation.
Moreover, the variability for those who are diseased is
generally nmuch larger than that of the healthy popul ation.
Recent work on human popul ati ons by Vessell et al. (1984) at
Pennsyl vania State University has clearly denonstrated that
i ndi vidual variability in response to therapeutic drugs
varies from3 to 40-fold. It is expected that future work
inthis area will permt statistical derivation of a human
intraspecies variability factor which will protect nost
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menbers of the population. On the basis of the available
data then, an uncertainty factor of at least 10 is supported
by nost investigators (Cal abrese, 1985), and is used in the
Massachusetts systemto account for high risk groups within
t he general popul ation. (see section B, step 4).

b. Interspecies Variability

An uncertainty factor of 10 is often used to account
for interspecies variability. |In order to use experinmental
data, and to extrapolate results fromanimls to humans, it
is necessary to account for differences in size anong
vari ous species. Thus, conparison anong speci es and
interpretation of experinmental data depends upon accurate
cal cul ati ons of equival ent doses. Species with greater body
wei ght (e.g., humans) can be nore sensitive to the toxicity
of contam nants than species of |ower body weight (e.g.,
rodents) (Evans et al., 1944; Hayes, 1967; Lehman and
Fit zhugh, 1954). As the NAS states,

"On a body-weight basis, nman is generally nore

vul nerabl e than the experinental animal, probably by a
factor of 6-12. Conparative studi es have shown
general ly that absorption, netabolism and excretion of
various drugs are slower, dose-for-dose, in man; that
there is a greater retention of such drugs; and that

hi gher concentrations occur in body fluids and tissues
in man than in small manmals. Wth an awar eness of
these quantitative differences, appropriate safety
factors can be applied to calculate relatively safe

t her apeuti c dosages for man." (NAS, 1977, p.52)

Dose conversions based on body surface area are
considered to nore accurately reflect differences anong
speci es when conpared to conversions based on ng/ kg of body
wei ght (Mantel and Schnei derman, 1975). Figure Il1-4 is a
pl ot of experinental animal weight versus an interspecies
adj ustment factor. These factors account for differences in
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mlligrams per kil ogram body wei ght dose due to differences
in body surface area between experinental aninmls and
humans, based on the assunption that different species are
equally sensitive to the effects of a toxicant on a dose per
unit of surface area basis. They represent the reductions
in experinental animl dose (ng/kg of body weight) needed to
estimate a conparabl e human dose in ng/ kg body wei ght.

The differential in sensitivity between humans and
animal s to equival ent dose in ng/kg body wei ght increases as
t he body wei ght of the experinmental aninmal decreases
(NAS, 1977). Figure Il11-4 provides support for the 10-fold
uncertainty factor to account for interspecies variability.

This is an adjustnent factor, which may vary up to a factor
of 10 or nore in a consistent way based on body weight. The
adj ustment factors range fromabout 2 for a dog, to about 6
for arat, to about 12.5 for a nouse. Thus, in nbst cases,
a 10-fold reduction in ng/ kg body wei ght ani mal dose is
consi dered adequate to protect humans. Fromthese data it
seens reasonable to use an uncertainty factor of 10 to
account for interspecies variability in response to doses
equi val ent on the basis of body weight, and the
Massachusetts systemtherefore uses this factor to account
for uncertainties in the data when only ani nal evidence is
avai l abl e (see section B, step 5). This factor of 10 has to
cover both the nean size of the adjustnent factor, and its
variability, so is not overly conservative.

There is considerabl e support for the use of such
factors, based on experinental results (Hayes, 1967; Lehman
and Fitzhugh, 1954; NAS, 1977). In fact, sone investigators
have advocated the use of an interspecies adjustnent factor
of 100, based on other differences between humans and
animals (Hoel et al., 1975; Bigwood, 1973; Vettorazzi, 1976,
1980). Neverthel ess, as noted above, Massachusetts applies
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FIGURE Il - 4 Interspecies Adjustnent Factors
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a factor of 10 to account for interspecies variability.

C. Ext rapol ati ons from Subchronic to Chronic Exposures

The third commonly applied uncertainty factor is one
used when chroni c exposure studies are not avail able, and a
subchronic study is used in deriving an acceptabl e exposure
level. This factor of 10 receives scientific support fromthe
study of Weil and McCollister (1963). |In this study the
no- observed- adverse-effect levels for a group of chem cals were
experinmentally determ ned for both chronic exposures (i.e., 2
years) and subchroni c exposures (between 30 and 210 days) for
rats and dogs. Fromthese data, a frequency plot of the ratio of
subchroni ¢ NOAELs and LOAELs to the correspondi ng chroni ¢ NOAELs
and LOAELs was obtained (Wil and MCol lister, 1963).

Figure I'l11-5is a plot of frequency versus ratios of
subchronic to chronic exposure for either NOAELs, LOAELs, or
both. The ratios represent reductions in subchroni c NCELs,
NCQAELs, or LQAELs, in order to yield the correspondi ng
chronic effect level. These data show that approximately
96% of the ratios are bel ow a value of 10, which reasonably
supports a 10-fold safety factor. A factor of 10 is
supported by ot her experinental work as well (Dourson and
Stara, 1983).

In the Massachusetts systemuncertainty factors are
applied to occupational data rather than experinental data,
and therefore, this factor is not used by the Departnent in
setting AALs. Cccupational limts are designed for
| ong-term exposure, and the systemtherefore relies on the
assunption that the uncertainty factor for extrapolating
from subchronic to chronic exposures i s not necessary when
usi ng occupational rather than experinental data, provided
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FIGURE I'll-5 A Plot of Frequency vs the Ratio of Sub-
chronic to Chronic Exposures for Either
NCAELs, LOAELs, or Conposite NOAEL- LOAEL Val ues
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that the chronic exposure data have been derived on the
basi s of human studies rather than in animals.

d. Ext rapol ati on from LOAEL to NOAEL

The fourth type of uncertainty factor accounts for
adj ust mrent s needed when the no-observed adverse effect |evel
cannot be identified and the | owest-observed-adverse effect
| evel nust be adjusted. |In the study of Wil and
McCol l'i ster (1963) the ratios of the corresponding LOAEL to
NQAEL, for both chronic and subchroni c exposures, were
determ ned for a group of chemcals in rat and dog nodel s.
Figure I11-6 presents the plot of frequency versus the
rati os of LOAEL to NOAEL for subchronic or chronic exposure,
or both. The derived ratios represent reductions in the
LOAEL found after subchronic or chronic exposure, to obtain
the corresponding NOAEL. For all chem cals studied, this
ratio was |l ess than 10, and for 96% of the chem cals the
ratio was five or |ess.

Based on the above data, it appears that a 10-fold
uncertainty factor is adequate to address the uncertainty in
extrapol ating from | owest-observed adverse effect |evels.

I ndeed, it appears that in nost cases a snaller factor would
suffice. On that basis, EPA proposed that a variable safety
factor, between one and ten, should be used in deriving
accept abl e exposure | evels when a LOAEL is used instead of a
NOCAEL (USEPA, 1980). The value of the factor woul d depend
on the severity of the adverse health effect.

Since the TEL is based on occupational limts, however,
factors for extrapolating from LOAELs to NOAELs do not apply
to the Massachusetts system and are not used in deriving
AALs. Instead, the Departnent assunes that the adjustnent
and threshold effects uncertainty factors described in
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FIGURE I11-6 A plot: of Frequency vs Ratio of LOAEL to
NOAEL after either subchronic, chronic, or
conposi te subchronic and chroni c exposures.
Aratio of 1.0 or less is not allowable

(N. A )by definition

10 ~
8| -
] SUBCHRONIC
- (Comparison of 27 chemicals)
b
N,A.
[ |
12 3 4 5 6 7 8 9 10
v Ratio of LOAEL to NOAEL
R
8| -
E
6|~ CHRONIC
Q
4l -
U 5| _ (Comparison of 25 chemicals)
E N.A.
L 1 |
N 12 3 4 5 6 7 8 910
; Ratio of LOAEL to NOAEL
20
¥ 18]
16 —
14 COMPOSITE SUBCHRONIC
}g AND CHRONIC
8
2 (Comparison of 52 chemicals)
2
N.A
I I

1 2 3 4 5 6 7 8 9 10
Ratio of LOAEL to NOAEL

SOURCE: Dourson and Stara, 1983 (from Wil and
McCol | 84ter, 1963)




section B will provide adequate protection agai nst
docunented t hreshol d effects.

e. Combi ned Uncertainty Factors

Uncertainty factors are designed to account for the
uncertainties inherent in extrapolating fromlaboratory
animal s to humans, from subchronic to chronic exposures, and
from LOAELs to NOAELs, for sensitive nenbers of the
popul ation. The usual procedure is to apply factors in
mul ti pl es of ten, depending on the type and extent of
toxicity data available. Thus, the uncertainty factor
applied to a given chem cal could range from1l to 10, 000
usi ng the nmethods descri bed by Dourson and Stara.

For exanple, an uncertainty factor of 10 for intraspecies
variation woul d be applied when NOAELs from chroni c studies
in humans were avail able, whereas an overall factor of 1000
i s used when deriving an acceptabl e exposure |level froma
subchroni ¢ ani mal study where extrapol ation invol ves
intraspecies variability, animal to human variations, and
subchronic to chronic exposure (10 x 10 x 10). Table Il11-4
sumari zes the use of, and experinmental support for,
conpoundi ng of uncertainty factors.

Use of Uncertainty Factors for Non-Threshold Effects

Several uncertainty factors are generally used by EPA
and others in deriving acceptabl e hunan exposure |evels to
toxic pollutants. These factors are 10, 100, 1000, or
10, 000 dependi ng on the avail abl e human and ani mal data, and
are justified by several studies. The wuncertainty factor
approach to derivation of acceptable |levels of human
exposure to pollutants has generally been used for toxic
effects where a threshold level is assuned to exist, since
nont hreshol d effects are assuned to present some degree of
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risk at any exposure level. For carcinogens, the nost
commonl y used approach has been to (i) performa risk
assessnment using a mathematical nodel; (ii) choose a risk

| evel acceptable under the particular set of circunstances;
and (iii) set the acceptable | evel of exposure to pollutants
at a concentration which corresponds to that risk val ue.
The advantages of this approach are that it offers a
straightforward quantitative approach to regul ating

carci nogeni c substances; it rewards good experinentation in
that |arger experinents tend to produce narrower confidence
limts and consequently higher limts for safe doses; it

t akes observed portions of dose-response curves into

consi deration because a mathematical nodel is fit to all of
t he dose-response dat a.

However, there are al so several disadvantages to this
approach. One is related to choice of mathematic node
because different nodels that fit the observed data equally
well can yield different results when extrapol ated to doses
corresponding to very small risks. A greater disadvantage
is that when the approach focuses on quantitative data
al one, the qualitative data, and its biological relevance,
can be overl ooked. Furthernore, reliable quantitative data
are often not avail able, and therefore, approaches based
solely on quantitative neasures of risk cannot address the
probl em of i nadequate dat a.

The Departnent believes that when adequate quantitative
data on carcinogenicity are available, this information
shoul d be used to determ ne acceptabl e exposure |evels for
humans. However, since it is both unsafe and unscientific
to assunme that all chem cals w thout adequate evidence of
carcinogenicity or nutagenicity are in fact non-carcinogens
or non-nut agens, the Departnent has the responsibility to
eval uate the potential for nonthreshold effects for al
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chem cals, and to provide a nmechani sm for addressing
uncertainties and gaps in the data. Thus the Departnment has
devel oped an al ternate net hodol ogy using an uncertainty
factor approach for chem cals | acki ng adequate quantitative
evi dence of carcinogenicity. Uncertainty factors between
1-100 are assigned on a case-by-case basis, depending on a
conbi nati on of available qualitative evidence of

nont hreshol d effects, and structure-activity relationship
(SAR) analysis. The purpose of the nethodology is to
devel op a Nonthreshold Effects Exposure Limt (NTEL)
protective of public health in the absence of direct
guantitative neasurenments of risk

Recently, in reaction to many of the problens
associated with the quantitative risk assessnment approach to
regul ati ng carcinogenic pollutants, proposals have been nmade
to use safety factors in regulating all system c toxicants,

i ncl udi ng carci nogeni ¢ substances. One such proposal,
advanced by Crunp (1984), has received consi derabl e support
fromexperts in the field. During a 2-day workshop on

" Approaches to Ri sk Assessnment for Miltiple Chem cal
Exposures” held by EPA on Septenber 29-30, 1982, Dr. Kenny
Crunp presented three possible options for "utilizing

i nci dence and/or severity-of-effect data in setting

al | owabl e exposures”, including the one currently used to
set Reference Dose values (RfDs) (apply safety factors to
NCAEL or LQOAEL). The three options are reproduced in
Appendi x | of this docunent. As indicated, the effects of
concern included both threshold and non-threshold type, and
carcinogenicity is specifically nentioned. One option
consists of two steps: first, a mathematical nodel is fit to
t he dose-response data as is done in quantitative cancer
risk assessnent, and a |lower confidence limt is calculated
on the dose corresponding to a risk of 10* or 1072 (10% or
199 of incidence, respectively) for both carcinogenic and
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noncar ci nogeni ¢ effects; then, a safety factor is applied to
that cal cul ated dose. The safety factor, with val ues such
as 10, 100, 1000, woul d depend on the severity of the toxic
effect (e.g., cancer vs. weight |oss) and thoroughness of
the study. The advantages of this nethod are: it takes the
shape of the observed portion of the dose-response curve
into account; it rewards good experinentation because

| arger, better designed experinents should yield | ower upper
confidence limts and thereby higher allowabl e human
exposures; it avoids problens associated with the choice of
mat hemati cal nodels for risk assessnent because there is far
| ess di sagreenment anong various nodels if extrapolation is
carried out only to a risk of 10' or 10°% it considers
gqualitative as well as quantitative data, because the safety
factors depend on the severity of the effect and the quality
of data; and the approach is operationally equivalent to the
use of the | owdose |inear nodel to predict doses associated
with risk levels of 10°°>, or 10°°® and lower. At the sane
time, issues such as the existence or absence of a

t hreshol d, acceptability of risks, genotoxic versus

epi geneti c mechani sns are avoi ded.

Use of Uncertainty Factors in the Massachusetts System

The Departnent's use of uncertainty factors is in sone
respects anal ogous to the approach historically used in
devel oping RfDs. Thus, the Departnent uses a 10-fold High
Ri sk Group uncertainty factor to account for intraspecies
variability (extrapolation of a worker's standard to the
general population). The Departnent al so applies an
uncertainty factor of 10 for inadequate toxicity data when
there are no |l ow | evel chronic exposure data for humans.

However, there are sone inportant differences. First,
a single uncertainty factor (10) is applied for interspecies
variability when chronic human exposure data were not used
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to set the MAOL. A separate additional factor of 10 is not
applied for subchronic to chronic extrapol ati on of ani nal
data. The RfD procedure would use two uncertainty factors
when using subchronic animal data and thereby apply a total
uncertainty factor of 100 (10 x 10) (in addition to the
factor of 10 for intraspecies variability).

Thus, while specific gaps in the data are
general ly considered and accounted for individually, the
Massachusetts system considers these data gaps collectively,
and uses a single uncertainty factor of 10 to account for
i nadequate toxicity data. This is because the factors are

applied to an occupational limt rather than an
experinmental |y derived LOAEL or NOAEL. The assunption is
that since the occupational |limts are derived expressly for

| ong-term human exposures, an uncertainty factor of 10 wll
be adequate to account for gaps in the occupational data
pertaining to other potential unknown acute and chronic
effects. (NOTE: The Departnment plans to use EPA inhal ation
Ref erence Doses and the traditional uncertainty factor
approach descri bed by Dourson and Stara when the RfDs becone
avai l abl e, rather than relying on the MAQL).

Second, the Departnent uses uncertainty factors to
account for threshold effects which are identified through
CHEM but not accounted for in the MAOL. In this case, an
uncertainty factor of 5 or 10 is applied, depending on
score. Finally, for substances | acking adequate
guantitative data on nonthreshold effects, as well as a
chemi cal structure indicative of high toxicity, uncertainty
factors are applied to account for the |ack of data, as
illustrated in Table I11-3. These uncertainty factors are
described in section C (NTEUF). The application of
uncertainty factors for serious unknown or unaccounted for
nont hreshol d effects has no established precedent. The
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procedure reflects the Departnent's response to the

i nevitabl e uncertainties and data gaps associated with
assessi ng hazard for humans. The nunerical value and use of
uncertainty factors represent policy decisions by the
Department for reducing risks frompotentially irreversible
nont hr eshol d effects.

The approach chosen is one of nmany possi bl e approaches.
It is the product of a six-year effort that evolved into the
present docunent. Certainly it is not free of controversy.
However, science inevitably involves uncertainty, risk
managenent inevitably involves judgenent, and the regul ator
must account for each (NAS, 1983). Thus, the approach
outlined in this document is workable and consistent, can be
applied to adequate data, as well as |lack of data, and
provi des a clear franmework for regul atory deci si on-naki ng.
The Departnent believes that, within a reasonabl e margin of
error (an uncertainty necessarily present), the
Massachusetts systemoffers a viable tool for mnimzing
risks to public health from exposures to toxic
air pollutants.

Summary of Results

The results of the assessnments and AAL derivations for
all chemcals are shown in Tables Il11-5 and I11-6. Table
[11-5 sunmari zes the information from CHEM for each
chemi cal, the resulting uncertainty factors assigned in the
threshol d effects evaluation, and the derived Threshold
Ef fects Exposure Limt (TEL). Table Il11-6 sumarizes the
results of application of the adjustnent and uncertainty
factors in the nonthreshold effects evaluation, and the
final selection of the AAL.
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TABLE 111-5
Summary of Results from CHEM and Derivation of
Threshol d Effects Exposure Limts

and

TABLE I11-6
Summary of AAL Derivations



TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL CAS LETTER CODE "E.N. A" MAOL MACL TOX
NUMBER SCORES SOURCE
(1) (2) (3) (4) (5)
AC C M DR AC DR ng/m ppm (AN O

ACETALDEHYDE 75070 D B B B X 179. 80 100. 00 A 10
ACETONE 67641 E ND E ND 590. 00 250. 00 N 10
ACRYLONI TRI LE 107131 A A A A* X 4.34 2.00 A 1
AVMONI A 7664417 C ND ND ND 17. 40 25. 00 A 10
ANI LI NE 62533 A C C E 7.61 2.00 A 10
ASBESTCS 1332214 A A ND ND 0.10 flcm N 1
BENZENE 71432 A A A C X 3.19 1.00 N 1
BENZYL CHLORI DE 100447 B C* A ND 5.17 1.00 A 1
BERYLLI UM 7440417 A A ND ND 0. 0005 - N 1
1, 3- BUTADI ENE 106990 C A ND D X 22.11 10. 00 A 10
n- BUTYL ALCOHOL 71363 C ND ND ND 151. 50 50. 00 A 1
CADM UM 7440439 A A ND A X 0.01 - A 1
CALCI UM CHROVATE 13765190 A A A ND 0. 001 - N 1
CARBON TETRACHLORI DE 56235 B B C D 31.43 5.00 A 1
CHL ORDANE 57749 A A D B* X 0. 50 0.03 A 1
CHLORI NE 7782505 B ND ND ND 1.45 0.50 A 1
CHL OROBENZENE 108907 C C ND ND 345. 00 75. 00 A 10
CHLOROETHANE 75003 E ND ND ND 2637.00 1000. 00 A 10
CHL OROFORM 67663 B B C B 48.79 10. 00 A 1
CHLOROPRENE 126998 A ND C B X 3.62 1.00 N 1
CHROM C ACI D 7738945 A A ND ND 0. 001 - N 1
CHROM UM METAL) 7440473 B ND ND ND 0.50 - A 1




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL ADJUSTED TEUF THRESHOLD EFFECTS
MACL EXPCSURE LIM T
( TEL)
(6) (7) (8)

ug/ i ppb AC DR gg/ni ppb
ACETALDEHYDE 244, 63 136. 05 1 10 4. 89 2.72
ACETONE 802. 72 340. 14 1 1 160. 54 68. 03
ACRYLONI TRI LE 59. 01 27.21 1 10 1.18 0.54
AVMONI A 23. 67 34. 01 1 1 4.73 6. 80
ANI LI NE 10. 36 2.72 1 1 2.07 0.54
ASBESTOS 1.36 flcm 1 1 0. 27 -
BENZENE 43. 46 13.61 1 5 1.74 0.54
BENZYL CHLORI DE 70. 38 13.61 1 1 14. 08 2.72
BERYLLI UM 0. 007 1 1 0. 001 -
1, 3- BUTADI ENE 30. 08 13.61 1 5 1.20 0.54
n- BUTYL ALCOHCL 2061. 22 680. 27 1 1 412. 24 136. 05
CADM UM 0.136 - 1 10 0.0027 -
CALClI UM CHROVATE 0.01 - 1 1 0. 003 -
CARBON TETRACHLORI DE 427.62 68. 03 1 1 85.52 13.61
CHLORDANE 6. 80 0.41 1 10 0.14 0. 008
CHLORI NE 19.73 6. 80 1 1 3.95 1.36
CHLOROBENZENE 469. 39 102. 04 1 1 93. 88 20.41
CHLOROETHANE 3587.76 1360. 54 1 1 717.55 272.11
CHLOROFORM 663. 81 136. 05 1 1 132.76 27.21
CHLOROPRENE 49. 22 13.61 1 10 0.98 0. 27
CHROM C ACI D 0.01 - 1 1 0. 003 -
CHROM UM METAL) 6. 80 - 1 1 1.36 -




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL CAS LETTER CODE "E.N A" MACL MAOL TOX
NUMBER SCORES SOURCE
(1) (2) (3) (4) (5)
AC C M DR AC DR ng/n ppm (A N, O
CHROM UM (V1) A A ND ND 0. 001 - N 1
COMPOUNDS
p- CRESCL 106445 B ND ND ND 8.84 2.00 N 1
CYCLOHEXANE 110827 E ND ND ND 1032. 00 300. 00 A 10
0- DI CHLOROBENZENE 95501 C F ND ND 300.40 50.00 A 10
p- DI CHLOROBENZENE 106467 C B D ND 450.60 75.00 A 10
1, 2- DI CHLORCETHANE 107062 B B A B X 40.45 10.00 A 1
1, 2- DI CHLORCETHYLENE 540590 E ND ND ND 792. 40 200. 00 A 10
DI CHLOROVETHANE 75092 B B B D* X 173.70 50.00 A 10
1, 2- DI CHLOROPROPANE 78875 B C C ND 346.30 75.00 A 10
DI ETHYLAM NE 109897 B ND ND ND 29.89 10.00 A 10
Dl ( 2- ETHYLHEXYL) - 117817 A B B B X 5.00 0.31 A 1
PHTHALATE

DI METHYLFORMAM DE 68122 B ND ND ND 29.87 10.00 A 10
1, 4- DI OXANE 123911 B B ND ND 90.01 25.00 A 10
DI PHENYL 92524 A ND D ND 1. 26 0. 20 A 10
DI PHENYLAM NE 122394 A ND C ND 10. 00 1.45 A 10
EPI CHLORCHYDRI N 106898 A B A B X 2.00 0.50 N 1
ETHANCL 64175 C ND C B X 1883. 00 1000. 00 A 10
ETHYL ACETATE 141786 E ND ND ND 1440. 00 400. 00 A 10
ETHYL ACRYLATE 140885 B B* ND B X 20. 46 5.00 A 10
ETHYLBENZENE 100414 D ND ND ND 433.80 100. 00 A 10




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL ADJUSTED TEUF THRESHOLD EFFECTS
MACL EXPCSURE LIM T
( TEL)
(6) (7) (8)

ug/ i ppb AC DR gg/ni ppb

CHROM UM (V1) 0.01 - 1 1 0.003 -
COMPOUNDS
p- CRESCL 120. 24 27.21 1 1 24. 05 5.44
CYCLOHEXANE 1404. 08 408. 16 1 1 280. 82 81. 63
0- DI CHLOROBENZENE 408. 71 68. 03 1 1 81.74 13.61
p- DI CHLOROBENZENE 613. 06 102. 04 1 1 122. 61 20.41
1, 2- DI CHLORCETHANE 550. 34 136. 05 1 10 11.01 2.72
1, 2- DI CHLORCETHYLENE 1078. 10 272. 11 1 1 215. 62 54.42
DI CHLOROVETHANE 236. 33 68. 03 1 5 9.45 2.72
1, 2- DI CHLOROPROPANE 471. 16 102. 04 1 1 94. 23 20.41
DI ETHYLAM NE 40. 67 13.61 1 1 8.13 2.72
Dl ( 2- ETHYLHEXYL) - 68. 03 4. 26 1 10 1. 36 0. 09
PHTHALATE

DI METHYLFORMAM DE 40. 64 13.61 1 1 8.13 2.72
1, 4- DI OXANE 122. 46 34.01 1 1 24. 49 6. 80
DI PHENYL 1.71 0. 27 1 1 0.34 0. 05
DI PHENYLAM NE 13.61 1.97 1 1 2.72 0. 39
EPI CHLORCHYDRI N 27.21 6. 80 1 10 0.54 0.14
ETHANCL 2561. 90 1360. 54 1 10 51. 24 27.21
ETHYL ACETATE 1959. 18 544, 22 1 1 391. 84 108. 84
ETHYL ACRYLATE 27. 84 6. 80 1 10 0.56 0.14
ETHYLBENZENE 590. 20 136. 05 1 1 118.04 27.21




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL CAS LETTER CODE "E.N A MAOL MACL TOX
NUMBER SCORES SOURCE
(1) (2) (3) (4) (5)
AC C M DR AC DR nmy/m ppm (AN, O
ETHYLENE GLYCOL 107211 D ND ND ND 126. 80 50. 00 A 10
ETHYL ETHER 60297 D ND D ND 1212. 00 400. 00 A 10
FLUORI DE 16984488 B ND ND ND 2.50 3.22 A 1
FORMAL DEHYDE 50000 B B B B* X 1.23 1.00 A 1
HEPTACHLOR 76448 B A D ND 0. 50 0.03 A 10
HEXACHL ORCCYCLO 77474 A ND ND D* X 0.11 0.01 A 10
PENTADI ENE

HEXACHL ORCETHANE 67721 B C ND D X 9. 68 1.00 N 10
HEXACHL OROPHENE 70304 - ND ND A - - - -
2- HEXANONE 591786 B ND ND ND 4.00 0.98 N 1
HYDRAZI NE 302012 A B* C C* X 0.13 0.10 A 10
HYDROGEN CHLORI DE 7647010 B ND ND ND 7.45 5.00 A 10
HYDROGEN FLUORI DE 7664393 B ND C ND 2.50 3.06 N 10
HYDROGEN SULFI DE 7783064 B ND ND ND 13.93 10. 00 A 10
| SOAMYL ACETATE 123922 D ND ND ND 532. 00 100. 00 A 10
| SOBUTYL ACETATE 110190 E ND ND ND 712. 10 150. 00 A 10
| SOBUTYL ALCOHOL 78831 D ND ND ND 151. 50 50. 00 A 10
| SOPROPYL ACETATE 108214 E ND ND ND 1043. 00 250. 00 A 10
LEAD 7439921 A ND D A* 0. 05 - O 1
LEAD SUBACETATE 1335326 A B* ND E 0. 05 - O 1
LI NDANE 58899 A B* C ND 0. 05 0.04 A 1
MALEI C ANHYDRI DE 108316 B ND ND ND 1.00 0.25 A 10




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL ADJUSTED TEUF THRESHOLD EFFECTS
MACL EXPOSURE LIMT
(TEL)
(6) (7) (8)

pg/ ni ppb AC DR _yg/ni ppb
ETHYLENE GLYCOL 172.52 68. 03 1 1 34. 50 13.61
ETHYL ETHER 1648. 98 544, 22 1 1 329. 80 108. 84
FLUORI DE 34. 01 43. 81 1 1 6. 80 8.76
FORMAL DEHYDE 16. 69 13.61 1 10 0. 33 0. 27
HEPTACHLOR 0.68 0.04 1 1 0.14 0. 009
HEXACHLORCCYCLO 0.15 0.01 1 5 0. 006 0. 0005

PENTADI ENE

HEXACHL ORCETHANE 13. 17 1.36 1 5 0.53 0. 05
HEXACHL OROPHENE - -
2- HEXANONE 54.42 13. 30 1 1 10. 88 2.66
HYDRAZI NE 0.18 0.14 1 5 0. 007 0. 005
HYDROGEN CHLORI DE 10. 14 6. 80 1 1 2.03 1. 36
HYDROGEN FLUORI DE 3.40 4.16 1 1 0. 68 0. 83
HYDROGEN SULFI DE 18. 95 13.61 1 1 3.79 2.72
| SOAMYL ACETATE 723. 81 136. 05 1 1 144.76 27.21
| SOBUTYL ACETATE 968. 84 204. 08 1 1 193. 77 40. 82
| SOBUTYL ALCOCHCL 206. 12 68. 03 1 1 41. 22 13.61
| SOPROPYL ACETATE 1419. 05 340. 14 1 1 283. 81 68. 03
LEAD 0. 68 - 1 1 0.14 -
LEAD SUBACETATE 0. 68 - 1 1 0.14 -
LI NDANE 0. 68 0.57 1 1 0.14 0.11
MALEI C ANHYDRI DE 1. 36 0.34 1 1 0. 27 0. 07




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL CAS LETTER CODE MACL MAOL TOX
NUMBER SCORES SOURCE
(1) (3) (4) (5)
ANC C M DR AC DR mg/ m ppm (AN, O
METHANCL 67561 C ND E B 261. 90 200. 00 A 10
2- METHOXY ETHANCL 109864 B ND ND B* 15. 55 5.00 A 10
METHYL ACRYLATE 96333 C ND ND ND 35.18 10. 00 A 10
METHYL BROM DE 74839 B ND ND ND 19. 40 5.00 A 10
METHYL ETHYL 78933 C ND ND D 589. 30 200. 00 A 10
KETONE ( MEK)
METHYL | SOBUTYL 108101 B ND ND ND 204.70 50. 00 A 10
KETONE (M BK)

METHYL METHACRYLATE 80626 D F ND D 409. 20 100. 00 A 10
M REX 2385855 - B* ND ND - - - -
NAPHTHAL ENE 91203 B ND ND ND 52. 37 10. 00 A 10
NI CKEL ( METAL) 7440020 B C* ND B 1. 00 - A 1
NI CKEL OXI DE 1313991 B B* ND ND 1.00 - A 10
NI TROBENZENE 98953 B ND ND ND 5. 03 1.00 A 1
PENTACHL OROPHENOL 87865 A ND D B 0.50 0. 05 A 10
PHENOL 108952 B E ND ND 19. 23 5.00 A 1
PHOSPHORI C ACI D 7664382 B ND ND ND 1.00 0. 25 A 10
PHTHALI C ANHYDRI DE 85449 B E ND ND 6. 05 1.00 A 10
PCBs 1336363 A A ND A 0. 001 N 1
PROPYL ALCOHCL 71238 E ND ND ND 491. 10 200. 00 A 10
PROPYLENE OXI DE 75569 B C C ND 47. 47 20. 00 A 10
RESORCI NOL 108463 C ND D ND 45. 00 10. 00 A 10
SELENI UM 7782492 A ND ND ND 0. 20 - A 1




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL ADJUSTED TEUF THRESHOLD EFFECTS
MACL EXPOSURE LIMT
(TEL)
(6) (7) (8)

pg/ ni ppb AC DR _yg/ni ppb
METHANCL 356. 33 272. 11 1 10 7.13 5.44
2- METHOXY ETHANCL 21.16 6. 80 1 1 4.23 1. 36
METHYL ACRYLATE 47. 86 13.61 1 1 9.57 2.72
METHYL BROM DE 26. 39 6. 80 1 1 5.28 1. 36
METHYL ETHYL 801. 77 272. 11 1 5 32. 07 10. 88

KETONE ( MEK)
METHYL | SOBUTYL 278. 50 68. 03 1 1 55.70 13.61
KETONE (M BK)

METHYL METHACRYLATE 556. 73 136. 05 1 5 22.27 5.44
M REX - -
NAPHTHAL ENE 71. 25 13.61 1 1 14. 25 2.72
NI CKEL ( METAL) 13.61 - 1 10 0. 27 -
NI CKEL OXI DE 1.36 - 1 1 0. 27 -
NI TROBENZENE 68. 45 13.61 1 1 13. 69 2.72
PENTACHL OROPHENOL 0. 68 0. 06 1 10 0.01 0. 001
PHENOL 261. 63 68. 03 1 1 52. 33 13.61
PHOSPHORI C ACI D 1.36 0.34 1 1 0. 27 0. 07
PHTHALI C ANHYDRI DE 8.24 1.36 1 1 1.65 0. 27
PCBs 0.01 - 1 1 0. 003 -
PROPYL ALCOHCL 668. 16 272.11 1 1 133.63 54,42
PROPYLENE OXI DE 64. 59 27.21 1 1 12.92 5.44
RESORCI NOL 61. 22 13.61 1 1 12. 24 2.72
SELENI UM 2.72 1 1 0.54




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL CAS LETTER CODE "E.N A" MACL MACOL TOX
NUVBER SCORES SOURCE
(1) (2) (3) (4) (5)
AC C M DR AC DR ng/m ppm (AN, O
SELENI UM SULFI DE 7446346 A B ND ND 0. 20 - A 1
STYRENE 100425 B C A (04 X 212. 80 50. 00 N 1
SULFURI C ACI D 7664939 B ND ND ND 1. 00 0. 25 A 1
1,1, 2, 2- TETRACHLORO 76120 D ND ND ND 4165. 00 500. 00 A 10
1, 2- DI FLUORCETHANE
1,1, 2, 2- TETRACHLORO 79345 A C C ND 6. 86 1.00 A 1
ETHANE
TETRACHLOROETHYLENE 127184 B B C ND 338. 90 50. 00 A 1
TETRAHYDROFURAN 109999 D ND ND ND 589. 30 200. 00 A 10
TOLUENE 108883 C ND E B X 376. 50 100. 00 A 10
TOLUENE DI | SOCYANATE 584849 A B ND ND 0.04 0. 005 A 1
o- TOLUI DI NE 95534 B B C ND 8.76 2.00 A 10
1,1, 1- TRI CHLORO 71556 D E C D* X 1908. 00 350. 00 A 1
ETHANE
1, 1, 2- TRI CHLORO 79005 B C ND ND 54,52 10. 00 A 10
ETHANE
TRI CHLOROCETHYLENE 79016 B B A A X 134. 20 25. 00 N 1
2,4, 6- TRI CHLORO 88062 - B D ND - - - -
PHENOL
TRI ETHYLAM NE 121448 B ND ND A X 41. 35 10. 00 A 10
VANADI UM 1314621 B ND ND ND 1.00 - N 10
VANADI UM PENTOXI DE 1314621 B ND C ND 0. 05 0. 0067 A 1
VI NYL ACETATE 108054 B ND C ND 14. 07 4. 00 N 1
VI NYL CHLORI DE 75014 B A B B* X 12. 77 5.00 A 1




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL ADJUSTED TEUF THRESHOLD EFFECTS
MACL EXPOSURE LIMT
(TEL)
(6) (7) (8)
pg/ ni ppb AC DR _yg/ni ppb
SELENI UM SULFI DE 2.72 1 1 0.54
STYRENE 2895. 24 680. 27 1 5 115.81 27.21
SULFURI C ACI D 13.61 3.39 1 1 2.72 0. 68
1,1, 2, 2- TETRACHLORO- 5666. 67 680. 27 1 1 1133. 33 136. 05
1, 2- DI FLUORCETHANE
1,1, 2, 2- TETRACHLORO- 93. 36 13.61 1 1 18. 67 2.72
ETHANE
TETRACHLORCETHYLENE 4610. 88 680. 27 1 1 922. 18 136. 05
TETRAHYDROFURAN 801. 77 272. 11 1 1 160. 35 54.42
TOLUENE 512. 24 136. 05 1 10 10. 24 2.72
TOLUENE DI | SOCYANATE 0.48 0. 07 1 1 0.10 0.01
o- TOLUI DI NE 11. 92 2.72 1 1 2.38 0.54
1,1, 1- TRI CHLORO 25959.18 4761.90 1 5 1038. 37 190. 48
ETHANE
1,1, 2- TRI CHLORO 74.18 13.61 1 1 14. 84 2.72
ETHANE
TRI CHLOROETHYLENE 1825. 85 340. 14 1 10 36. 52 6. 80
2,4, 6-TRI CHLORO - - - - - -
PHENOL
TRI ETHYLAM NE 56. 26 13.61 1 10 1.13 0. 27
VANADI UM 1.36 1 1 0. 27
VANADI UM PENTOXI DE 0. 68 0.09 1 1 0.14 0. 02
VI NYL ACETATE 191. 43 54.42 1 1 38. 29 10. 88
VI NYL CHLORI DE 173.74 68. 03 1 10 3.47 1. 36




TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL CAS LETTER CODE "E.N A" MACL MACL TOX
NUVBER SCORES SOURCE
(1) (2) (3) (4) (5)
AC C M DR AC DR ng/m ppm (AN, O
VI NYLI DENE CHLORI DE 75354 B C C D X 19. 81 5.00 A 10
XYLENES 1330207 C F ND B X 433. 80 100. 00 A 10

(m, o-, p-, | SOVERS)

1. A/C = Acute/Chronic Toxicity; C = Carcinogenicity; M= Mitagenicity;
D/ R = Devel opnent al / Reproductive Toxicity; (See Part |1, Reproductive Toxicity; (See
Part Il, Sections C- F.)

2. FEffects Not Accounted for in MAOL (Acute/ Chronic or Devel oprment al / Reproducti ve
Toxicity; (See Part |11, Section B(4).)

3. Most Appropriate CQccupational Limt (MAOL); See Part II, Section B.

4, A= ACEGH N=NOGH O=O0sHA (See Part 11, Section B.)

5. TOX = Uncertainty Factor for Inadequate Toxicity Data (See Part 111,

Section B(2))

MACOL/ (73.5) (TOX Factor) (See Part 111, Sections B(2) and B(3).)

Threshol d Effects Uncertainty Factor (TEUF); See Part |11, Section B(4).

8. TEL = Adjusted MACOL/(TEUF)x(0.2 exposure adjustnent); See Part IIl, Sections A and B.

No



TABLE I11-5. SUMMARY OF RESULTS FROM CHEM AND DERIVATION OF THRESHOLD EFFECTS EXPOSURE LIMITS

CHEM CAL ADJUSTED TEUF THRESHOLD EFFECTS

MAOL EXPCSURE LIMT

(TEL)
(6) (7) (8)
pg/ ni ppb AC DR _yg/ni ppb
VI NYLI DENE CHLORI DE 26. 95 6. 80 1 5 1.08 0. 27
XYLENES 590. 20 136. 05 1 10 11. 80 2.72
(m, o-, p-, | SOVERS)




TABLE [11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL CAS MACL ADJUSTED CANCER CHEM CANCER
NUVBER MACL VEEI GHT OF SCORE UNI'T
EVI DENCE RI SK
(1) (2) (3) (4) (5)
pg/ n? ppm pg/ e ppb C M (po/ nt)
ACETALDEHYDE 75070 179. 80 100. 00 244,63 136. 05 SUBST 2 B 2. 26E- 06
ACETONE 67641 590. 00 250. 00 802. 72 340. 14 ND ND E
ACRYLONI TRI LE 107131 4. 34 2.00 59. 01 27.21 SUFF A A 6. 80E- 05
AMVONI A 7664417 17. 40 25. 00 23. 67 34.01 ND ND ND
ANI LI NE 62533 7.61 2.00 10. 36 2.72 SUBST 2 C C 7. 09E- 06
ASBESTCS 1332214 0.10 flcnB 0.001 flcnB SUFF A ND 7. 60E-03
BENZENE 71432 3.19 1.00 43. 46 13.61 SUFF A A 8. 10E- 06
BENZYL CHLORI DE 100447 5.17 1.00 70. 38 13.61 SUBST 2 Cr A
BERYLLI UM 7440417 0. 0005 - 0. 007 - SUBST 1 A ND 2. 40E- 03
1, 3- BUTADI ENE 106990 22.11 10. 00 30. 08 13.61 SUBST 2 A ND 2. 90E- 04
n- BUTYL ALCOHCOL 71363 151. 50 50. 00 2061. 22 680. 27 ND ND ND
CADM UM 7440439 0.01 - 0.136 - SUFF A ND 1. 80E- 03
CALClI UM CHROVATE 13765190 0. 001 - 0.01 - SUFF A A 1. 20E- 02
CARBON 56235 31.43 5.00 427. 62 68. 03 SUBST 2 B C 1. 50E- 05
TETRACHLORI DE
CHLORDANE 57749 0.50 0.03 6. 80 0.41 SUGG A D 3. 70E- 05
CHLORI NE 7782505 1.45 0.50 19.73 6. 80 ND ND ND
CHLOROBENZENE 108907 345. 00 75. 00 469. 39 102. 04 SUGG C ND
CHLORCETHANE 75003 2637.00 1000.00 3587.76 1360.54 ND ND ND
CHLOROFORM 67663 48. 79 10. 00 663. 81 136. 05 SUBST 2 B C 2. 35E-05
CHLOROPRENE 126998 3.62 1.00 49, 22 13.61 ND ND C
CHROM C ACI D 7738945 0. 001 - 0.01 - SUFF A ND 1. 20E-02
CHROM UM METAL) 7440473 0.50 - 6. 80 - ND ND ND




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL UNI'T SAR  NTEUF NTEL NTEL TEL ALLOMBLE
RI SK BASI S ANMVBI ENT
SOURCE LIMT (AAL)
(6) (7 (8) (9) (10) (11) (12)
(CGD (+-) pg/ e ppb (UR UF)  pg/n? ppb ug/ nt ppb
ACETALDEHYDE D 0. 44 0.18 UR 4.89 2.72 0. 44 0.18
ACETONE - 1 802.72 340. 14 UF 160.54 68.03 160.54 68.03
ACRYLONI TRI LE C 0.01 0.01 UR 1.18 0.54 0.01 0.01
AMVONI A - 1 23. 67 34.01 UF 4.73 6. 80 4.73 6. 80
ANI LI NE D 0.14 0.04 UR 2.07 0.54 0.14 0.04
ASBESTOS C 0. 0001 flcnB UR 0.0002 f/cnB 0.0001 f/cnB
BENZENE C 0.12 0.04 UR 1.74 0.54 0.12 0.04
BENZYL CHLORI DE + 75 0.94 0.18 UF 14. 08 2.72 0.94 0.18
BERYLLI UM C 0. 0004 UR 0. 001 - 0. 0004 -
1, 3- BUTADI ENE C 0. 003 0. 002 UR 1.20 0.54 0. 003 0. 002
n- BUTYL ALCOHOL - 1 2061.22 680. 27 UF 412.24 136.05 412.24 136.05
CADM UM C 0.001 UR 0. 003 - 0. 001 -
CALCI UM CHROVATE C 0. 0001 UR 0. 003 - 0. 0001 -
CARBON TETRACHLORI DE C 0. 07 0.01 UR 85.52 13.61 0. 07 0.01
CHL ORDANE C 0.03 0. 002 UR 0.14 0. 008 0.03 0. 002
CHLORI NE - 1 19.73 6. 80 UF 3.95 1.36 3.95 1.36
CHL OROBENZENE + 75 6. 26 1.36 UF 93. 88 20.41 6. 26 1.36
CHLORCETHANE + 10 358. 78 136. 05 UF 717.55 272.11 358.78 136.05
CHLOROFORM C 0.04 0.01 UR 132.76 27.21 0.04 0.01
CHL OROPRENE + 20 2.46 0. 68 UF 0.98 0. 27 0.98 0. 27
CHROM C ACI D C 0. 0001 UR 0. 003 - 0. 0001 -
CHROM UM METAL) + 10 0. 68 UF 1.36 : 0. 68 -




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL CAS MACL ADJUSTED CANCER CHEM CANCER
NUVBER MACL VEEI GHT COF SCORE UNI T
EVI DENCE RI SK
(1) (2) (3) (4) (5)
pg/ n? ppm pg/ nt ppb C M (pg!/ nt)
CHROM UM (V1) 0. 001 - 0.01 - SUFF A ND 1. 20E-02
COVPOUNDS

p- CRESOL 106445 8.84 2.00 120. 24 27. 21 ND ND ND
CYCLOHEXANE 110827 1032. 00 300.00 1404. 08 408. 16 ND ND ND

0- DI CHLOROBENZENE 95501 300. 40 50. 00 408. 71 68. 03 NULL F ND

p- DI CHLOROBENZENE 106467 450. 60 75. 00 613. 06 102. 04 SUBST 1 B D 5. 70E- 06
1, 2- DI CHLOROETHANE 107062 40. 45 10. 00 550. 34 136. 05 SUBST 2 B A 2. 60E- 05
1, 2- DI CHLOROETHYLENE 540590 792. 40 200. 00 1078. 10 272.11 ND ND ND

DI CHLOROVETHANE 75092 173.70 50. 00 236. 33 68. 03 SUBST 2 B B 4. 10E- 06
1, 2- DI CHLOROPROPANE 78875 346. 30 75. 00 471. 16 102. 04 SUBST 2 C C 1.87E-05
DI ETHYLAM NE 109897 29. 89 10. 00 40. 67 13.61 ND ND ND

Dl ( 2- ETHYLHEXYL) - 117817 5.00 0.31 68. 03 4. 26 SUBST 2 B B 1. 30E- 06

PHTHALATE

DI METHYLFORVAM DE 68122 29. 87 10. 00 40. 64 13.61 ND ND ND

1, 4- DI OXANE 123911 90. 01 25. 00 122. 46 34.01 SUBST 2 B ND 4. 10E- 06
DI PHENYL 92524 1.26 0. 20 1.71 0. 27 ND ND D

DI PHENYLAM NE 122394 10. 00 1.45 13.61 1.97 ND ND C

EPI CHLOROHYDRI N 106898 2.00 0.50 27.21 6. 80 SUBST 1 B A 1. 20E- 06
ETHANOL 64175 1883. 00 1000.00 2561.90 1360.54 ND ND C

ETHYL ACETATE 141786 1440. 00 400. 00 1959. 18 544, 22 ND ND ND

ETHYL ACRYLATE 140885 20. 46 5.00 27. 84 6. 80 SUBST 2 B* ND
ETHYLBENZENE 100414 433. 80 100. 00 590. 20 136. 05 ND ND ND




TABLE [11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL UN'T  SAR NTEUF NTEL NTEL TEL ALLOMBLE
RI SK BASI S AVBI ENT
SOURCE LIMT (AAL)
(6) (7) (8) (9) (10) (11) (12)
(CD (+-) pg/ nt ppb (IR UF)  pg/nt ppb g/ n? ppb
CHROM UM (V1) C 0. 0001 UR 0. 003 - 0. 0001 -
COVPOUNDS
p- CRESOL + 10 12. 02 2.72 UF 24.05 5.44 12.02 2.72
CYCLOHEXANE ; 1 1404.08 408.16 UF 280.82 81.63 280.82 81.63
0- DI CHLOROBENZENE + 5 81.74 13. 61 UF 81.74 13.61 81.74 13.61
p- DI CHLOROBENZENE C 0.18 0.03 UR 122.61 20.41 0.18  0.03
1, 2- DI CHLORCETHANE C 0. 04 0.01 UR 11.01 2.72 0.04  0.01
1, 2- DI CHLOROETHYLENE + 10  107.81  27.21 UF 215.62 54.42 107.81 27.21
DI CHL OROVETHANE c 0. 24 0. 07 UR 9.45 2.72 0.24  0.07
1, 2- DI CHLOROPROPANE D 0. 05 0.01 UR 94.23 20.41 0.05 0.01
DI ETHYLAM NE + 10 4.07 1.36 UF 8.13 2.72 4.07 1.36
DI ( 2- ETHYLHEXYL) - D 0.77 0.05 UR 1.36 0.09 0.77 0.05
PHTHALATE
DI METHYLFORVAM DE + 5 8.13 2.72 UF 8.13 2.72 8.13 2.72
1, 4- DI OXANE D 0. 24 0. 07 UR 24.49 6.80 0.24  0.07
DI PHENYL + 20 0. 09 0.01 UF 0.34 0.05 0.09 0.01
DI PHENYLAM NE + 20 0. 68 0.10 UF 2.72  0.39 0.68  0.10
EPI CHLORCHYDRI N C 0. 83 0.22 UR 0.54 0.14 0.54 0.14
ETHANOL ; 10  256.19 136.05 UF 51.24 27.21 51.24 27.21
ETHYL ACETATE ; 1 1959.18 544.22 UF 391.84 108.84 391.84 108.84
ETHYL ACRYLATE + 100 0. 28 0. 07 UF 0.56 0.14 0.28  0.07
ETHYLBENZENE + 5 118.04  27.21 UF 118.04 27.21 118.04 27.21




TABLE [11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL CAS MACL ADJUSTED CANCER CHEM CANCER
NUVBER MACL VEEI GHT OF SCORE UNI'T
EVI DENCE Rl SK
(1) (2) (3) (4) (5)
pg/ nt ppm pg/ e ppb C M (pg/ nt)

ETHYLENE GLYCOL 107211 126. 80 50. 00 172.52 68. 03 ND ND ND

ETHYL ETHER 60297 1212. 00 400. 00 1648. 98 544, 22 ND ND D

FLUORI DE 16984488 2.50 3.22 34.01 43.81 ND ND ND

FORMAL DEHYDE 50000 1.23 1.00 16. 69 13.61 SUBST 1 B B 1. 30E- 05
HEPTACHLOR 76448 0.50 0. 03 0. 68 0.04 SUGG A D 1. 30E- 03
HEXACHL ORCCYCLO- 77474 0.11 0.01 0. 15 0.01 ND ND ND

PENTADI ENE

HEXACHL OROETHANE 67721 9. 68 1.00 13.17 1.36 SUGG C ND 4. 00E- 06
HEXACHL OROPHENE 70304 - - - - ND ND ND

2- HEXANONE 591786 4. 00 0.98 54.42 13. 30 ND ND ND

HYDRAZI NE 302012 0.13 0.10 0.18 0.14 SUBST 2 B* C

HYDROGEN CHLORI DE 7647010 7.45 5.00 10. 14 6. 80 ND ND ND

HYDROGEN FLUORI DE 7664393 2.50 3.06 3. 40 4.16 ND ND C

HYDROGEN SULFI DE 7783064 13.93 10. 00 18. 95 13.61 ND ND ND

| SOAMYL ACETATE 123922 532. 00 100. 00 723. 81 136. 05 ND ND ND

| SOBUTYL ACETATE 110190 712.10 150. 00 968. 84 204. 08 ND ND ND

| SOBUTYL ALCOHOL 78831 151. 50 50. 00 206. 12 68. 03 ND ND ND

| SOPROPYL ACETATE 108214 1043. 00 250. 00 1419. 05 340. 14 ND ND ND

LEAD 7439921 0. 05 - 0. 68 - ND ND D

LEAD SUBACETATE 1335326 0. 05 - 0. 68 - SUBST 2 B* ND

LI NDANE 58899 0. 05 0.04 0. 68 0.57 SUGG B* C 3. 80E-04
MALEI C ANHYDRI DE 108316 1.00 0. 25 1. 36 0.34 ND ND ND




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL UNIT  SAR  NTEUF NTEL NTEL TEL ALLOWABLE
RI SK BASI S ANBI ENT
SOURCE LIMT (AAL)
(6) (7 (8) (9) (10) (11) (12)
(CD  (+-) ug/ nt ppb (LR UF) g/ ppb  pg/m  ppb
ETHYLENE GLYCOL + 5 34.50  13.61 UF 34.50 13.61 34.50 13.61
ETHYL ETHER - 10 164.90  54.42 UF 329.80 108.84 164.90 54.42
FLUOR! DE - 1 34.01  43.81 UF 6.80 8.76 6.80  8.76
FORMAL DEHYDE c 0. 08 0. 06 UR 0.33 0.27 0.08  0.06
HEPTACHLOR c 0.001 0. 00 UR 0.14 0.009 0.001 0.0001
HEXACHL OROCYCLO- + 10 0.01 0.001 UF 0.006 0.0005 0.006 0.0005
PENTADI ENE
HEXACHL OROETHANE c 0. 25 0.03 UR 0.53 0.05 0.25  0.03
HEXACHL OROPHENE + 10 UF - - -
2- HEXANONE - 1 54.42  13.30 UF 10.88 2.66 10.88  2.66
HYDRAZI NE + 100 0. 00 0. 001 UF 0.007 0.005 0.002 0.001
HYDROGEN CHLORI DE - 1 10. 14 6. 80 UF 2.03 1.36 2.03  1.36
HYDROGEN FLUORI DE - 10 0. 34 0. 42 UF 0.68 0.83 0.34  0.42
HYDROGEN SULFI DE - 1 18.95  13.61 UF 3.79 2.72  3.79  2.72
| SOAMYL ACETATE - 1 723.81  136.05 UF 144.76 27.21 144.76 27.21
| SOBUTYL ACETATE - 1 968.84  204.08 UF 193.77 40.82 193.77 40.82
| SOBUTYL ALCOHOL - 1 206.12  68.03 UF 41.22 13.61 41.22 13.61
| SOPROPYL ACETATE - 1 1419.05 340.14 UF 283.81 68.03 283.81 68.03
LEAD - 10 0. 07 UF 0. 14 - 0. 07 -
LEAD SUBACETATE - 100 0.01 UF 0. 14 - 0.01 -
LI NDANE c 0.003  0.0002 UR 0.14  0.11 0.003 0.0002
MALEI C ANHYDRI DE + 10 0.14 0. 03 UF 0. 27 0. 07 0.14 0. 03




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL CAS MACL ADJUSTED CANCER CHEM CANCER
NUMBER MACL VEEI GHT OF SCORE UNI T
EVI DENCE RI SK
(1) (2) (3) (4) (5)
pg/ nt ppm pg/ nt ppb C M (pg/ nt)
METHANOL 67561 261. 90 200. 00 356. 33 272.11 ND ND
2- METHOXY ETHANOL 109864 15.55 5.00 21.16 6. 80 ND ND ND
METHYL ACRYLATE 96333 35.18 10. 00 47. 86 13. 61 ND ND ND
METHYL BROM DE 74839 19. 40 5.00 26. 39 6. 80 ND ND ND
METHYL ETHYL 78933 589. 30 200. 00 801. 77 272.11 ND ND ND
KETONE ( VEK)
METHYL | SOBUTYL 108101 204. 70 50. 00 278. 50 68. 03 ND ND ND
KETONE (M BK)
METHYL METHACRYLATE 80626 409. 20 100. 00 556. 73 136. 05 NULL F ND
M REX 2385855 - - SUBST 2 B* ND
NAPHTHALENE 91203 52. 37 10. 00 71. 25 13. 61 ND ND ND
NI CKEL ( METAL) 7440020 1. 00 - 13. 61 - SUGG (o4 ND
NI CKEL OXI DE 1313991 1. 00 - 1.36 - SUBST 1 B* ND
NI TROBENZENE 98953 5.03 1. 00 68. 45 13. 61 ND ND ND
PENTACHL OROPHENOL 87865 0.50 0. 05 0. 68 0. 06 ND ND D
PHENOL 108952 19. 23 5.00 261. 63 68. 03 I NC E ND
PHOSPHORI C ACI D 7664382 1. 00 0. 25 1.36 0.34 ND ND ND
PHTHALI C ANHYDRI DE 85449 6. 05 1. 00 8.24 1.36 I NC E ND
PCBs 1336363 0. 001 - 0.01 - SUBST 2 A ND 2. 20E-03
PROPYL ALCOHOL 71238 491. 10 200. 00 668. 16 272.11 ND ND ND
PROPYLENE OXI DE 75569 47. 47 20. 00 64. 59 27.21 SUBST 2 C C 6. 67E- 07
RESORCI NOL 108463 45. 00 10. 00 61. 22 13.61 ND ND D
SELENI UM 7782492 0. 20 - 2.72 - ND ND ND




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL SAR NTEUF NTEL NTEL TEL ALLOMBLE
BASI S AVBI ENT
LIMT (AAL)
(7) (8) (9) (10) (11) (12)
(+-) pg/ nt ppb (IR UF)  pg/nt ppb  pg/n? ppb
NETHANOL - 1 356.33  272.11 UF 7.13 5.44 7.13 5.44
2- METHOXY ETHANOL + 10 2.12 0. 68 UF 4.23 1.36 2.12  0.68
METHYL ACRYLATE + 10 4.79 1.36 UF 9.57 2.72 4.79  1.36
NETHYL BROM DE + 10 2. 64 0. 68 UF 5.28 1.36 2.64  0.68
NETHYL ETHYL ; 1 801.77 272.11 UF 32.07 10.88 32.07 10.88
KETONE ( VEK)
NETHYL | SOBUTYL ; 1 278.50  68.03 UF 55.70 13.61 55.70 13.61
KETONE (M BK)
NETHYL NMETHACRYLATE + 5 111.35  27.21 UF 22.27 5.44 22.27 5.44
M REX + 100 UF
NAPHTHAL ENE + 5 14. 25 2.72 UF 14.25 2.72 14.25 2.72
NI CKEL ( METAL) + 75 0.18 UF 0.27 ; 0.18 ;
NI CKEL OXI DE + 100 0.01 UF 0.27 ; 0.01 -
NI TROBENZENE + 10 6. 84 1.36 UF 13.69 2.72 6.84  1.36
PENT ACHL OROPHENCL + 20 0.03 0. 003 UF 0.01 0.001 0.01 0.001
PHENOL + 5 52. 33 13. 61 UF 52.33 13.61 52.33 13.61
PHOSPHORI C ACI D ; 1 1.36 0. 34 UF 0.27 0.07 0.27 0.07
PHTHAL| C ANHYDRI DE + 10 0. 82 0.14 UF 1.65 0.27 0.82 0.14
PCBs 0. 0005 UR 0. 003 ; 0. 0005 -
PROPYL ALCOHOL ; 1 668.16  272.11 UF 133.63 54.42 133.63 54.42
PROPYLENE OXI DE 1.50 0. 63 UR 12.92 5.44 1.50  0.63
RESORCI NOL + 20 3.06 0. 68 UF 12.24 2.72 3.06  0.68
SELENI UM - 1 2.72 UF 0.54 - 0.54 -




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL CAS MACL ADJUSTED CANCER CHEM CANCER
NUVBER MACL VEEI GHT OF SCORE UNI T
EVI DENCE RI SK
(1) (2) (3) (4) (5)
pg/ e ppm pg/ nt ppb C M (pg!/ nt)
SELENI UM SULFI DE 7446346 0. 20 - 2.72 - SUBST 2 ND 2. 02E- 05
STYRENE 100425 212. 80 50. 00 2895. 24 680. 27 SUGG C A 5. 70E- 07
SULFURI C ACI D 7664939 1.00 0. 25 13.61 3.39 ND ND ND
1,1, 2, 2- TETRACHLORG 76120 4165. 00 500.00 5666.67 680. 27 ND ND ND
1, 2- DI FLUOROETHANE
1,1, 2, 2- TETRACHLORG 79345 6. 86 1.00 93. 36 13.61 SUGG C C 5. 80E- 05
ETHANE
TETRACHL OROETHYLENE 127184 338. 90 50. 00 4610. 88 680. 27 SUBST 2 B C 5. 52E- 05
TETRAHYDROFURAN 109999 589.30 200.00 801. 77 272.11 ND ND ND
TOLUENE 108883 376.50 100. 00 512. 24 136. 05 ND ND E
TOLUENE DI | SOCYANATE 584849 0.04 0. 005 0.48 0.07 SUBST 2 B ND 6. 79E- 06
o- TOLUI DI NE 95534 8.76 2.00 11. 92 2.72 SUBST 2 B C 5. 72E- 06
1,1, 1- TRI CHLORO 71556 1908. 00 350.00 25959.18 4761.90 I NC E C
ETHANE
1,1, 2- TRI CHLORO 79005 54.52 10. 00 74.18 13.61 SUGG C ND 1. 60E- 05
ETHANE
TRI CHLORCETHYLENE 79016 134. 20 25. 00 1825. 85 340. 14 SUBST 2 B A 1. 63E- 06
2,4, 6-TRI CHLORG 88062 - - - - SUBST 2 B D 6. 20E- 06
PHENCL
TRI ETHYLAM NE 121448 41. 35 10. 00 56. 26 13.61 ND ND ND
VANADI UM 1314621 1.00 - 1. 36 - ND ND ND
VANADI UM PENTOXI DE 1314621 0.05 0. 0067 0.68 0.09 ND ND C
VI NYL ACETATE 108054 14. 07 4.00 191. 43 54. 42 ND ND C
VI NYL CHLORI DE 75014 12. 77 5.00 173. 74 68. 03 SUFF A B 2. 60E- 06




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL UN'T  SAR NTEUF NTEL NTEL TEL ALLOMABLE
RI SK BASI S AVBI ENT
SOURCE LIMT (AAL)
(6) (7) (8) (9) (10) (11) (12)
(CD (+-) pg/ nt ppb (IR UF) g/ nt ppb pg/ n? ppb
SELENI UM SULFI DE D 0.05 UR 0. 54 - 0. 05 -
STYRENE C 1.75 0. 41 UR 115.81 27.21 1.75  0.41
SULFURI C ACI D ; 1 13. 61 3.39 UF 2.72  0.68 2.72  0.68
1,1, 2, 2- TETRACHLORO + 10  566.67 68. 03 UF  1133.33 136.05 566.67 68.03
1, 2- DI FLUORCETHANE
1,1, 2, 2- TETRACHLORO C 0.02 0. 003 UR 18.67  2.72 0.02 0.003
ETHANE
TETRACHLORCETHYLENE D 0. 02 0. 003 UR 922.18 136.05 0.02 0.003
TETRAHYDROFURAN + 10 27.21 UF 160.35 54,42 80.18 27.21
TOLUENE + 5  102.45 27.21 UF 10.24  2.72 10.24 2.72
TOLUENE DI | SOCYANATE D 0.15 0.02 UR 0.10 0.01 0.10 0.01
o- TOLUI DI NE D 0.17 0. 04 UR 2.38  0.54 0.17  0.04
1,1, 1- TRl CHLORO + 20 1297.96  238.10 UF  1038.37 190.48 1038.37 190.48
ETHANE
1,1, 2- TRI CHLORO C 0. 06 0.01 UR 14.84  2.72 0.06 0.01
ETHANE
TRI CHLOROETHYLENE D 0. 61 0.11 UR 36.52  6.80 0.61 0.11
2,4, 6- TR CHLORO- D 0.16 0.02 UR - ; 0.16 ;
PHENOL
TRI ETHYLAM NE + 10 5. 63 1.36 UF 1.13  0.27 1.13  0.27
VANADI UM ; 1 1.36 UF 0.27 ; 0. 27 ;
VANADI UM PENTOXI DE + 20 0.03 0. 005 UF 0.14  0.02 0.03 0.005
VI NYL ACETATE + 20 9.57 2.72 UF 38.29 10.88 9.57 2.72
VI NYL CHLORI DE I 0.38 0.15 UR 3.47 1.36 0.38 0.15




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL CAS MACL ADJUSTED CANCER CHEM CANCER
NUVBER MACL VEEI GHT OF SCORE UNI T
EVI DENCE RI SK
(1) (2) (3) (4) (5)
pg/ nt ppm pg/ nt ppb C M (pg/ nt)
VI NYLI DENE CHLORI DE 75354 19. 81 5.00 26. 95 6. 80 SUGG C C 5. 00E- 05
XYLENES 1330207 433.80 100.00 590. 20 136. 05 NULL F ND

(m, o-, p-, | SOVERS)

1. See Part Il, Section B.

2. MAQOL/(73.5 or 735) (See Part 111, Sections B(2) and B(3).)

3. See Table II-7A

4. See Tables I1-9 and 11-18.

5. See Part Il, Section D; excess cancer risk assum ng 70 kg. person exposed
continuously throughout 70 year lifetime to 1 ug/nB8 of the substance.

6. Source of Unit Risk Calculation: C = USEPA Carci nogen Assessnent Goup; D = DECE
(the Departnent.)

7. Structure-Activity Relationship Analysis (see Part II1, Section C(3); Appendix H)

8. See Part IlIl, Section C(3).

9. See Part Ill, Section C, value corresponds to an excess lifetime cancer risk of 1.00E-5.

10. Basis of NTEL derivation: Procedure One, based on Unit Risk (UR) or Procedure Two,
based on Uncertainty Factor (UF). See Part IIl, Section C

11. See Part 111, Sections A+ B, Table IIl-5.

12. Maxi mum al | owabl e concentration, corresponding to an excess lifetine cancer risk of 1.00E-5.
AAL = TEL or NTEL, whichever is |ower.

13. Anbient concentration corresponding to an excess lifetine cancer risk of 1.00E-6,
synbol i zi ng Departnent goal to reduce exposures to the extent feasible.




TABLE I11-6. SUMMARY OF AAL DERIVATIONS

CHEM CAL UNT  SAR NTEUF NTEL NTEL TEL ALLOMBLE
RI SK BASI S ANMBI ENT
SOURCE LIMT (AAL)
(6) (7 (8) (9) (10) (11) (12)
(CD  (+-) ug/ nt ppb (R UF)  yg/nf  ppb ug/ nt ppb
VI NYLI DENE CHLORI DE c 0.02 0.01 UR 1.08 0.27 0.02 0.01
XYLENES + 5 118.04  27.21 UF 11.80 2.72  11.80 2.72

(m, o-, p-, | SOVERS)
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