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ENVIRONMENTAL PROTECTION
AGENCY

[FRL-2984-2]
Guidelines for the Headth Risk
Assassment of Chemical Kixtures

aogwcy: U.S. Environmental Protection
Agency (EPA).

actowr: Final Guideiines for the Health
Risk Assessment of Chemical Mixtures.

susaMARY: The U.S. Environmental
Protection Agency is today issuing five
guidelines for ssaessing the health risks
of environmenta) pollutants. These ars:
Guidelines for Carcinogen Risk

Assegsment
Guidelines for Estimating Exposures
Guidelines for Mutagenicity Risk

Assessment
Guidelines for the Health Assessment of

Suspect Developmentsl Toxicants
Guidelines for the Health Risk

Assessment of Chemical Mixtures

This notice contains the Guidelines
for the Health Risk Assessment of
Chemical Mixtures: the otber guidelinss
appear elsewhere in today’s Federal
Register,

The Guidelines for the Health Risk
Assesament of Chemical Mixtures
{hereafter “Guidelines™) are intended to
guide Agency analysis of information
relating to heaith effects data on
cbemical mixtures in line with the
policies and procedures established in
the statutes administered by the EPA.
Thesa Guidelines were dsveloped as
part of an interoffice guidelines
development program under the
auspices of the Office of Health and
Environmenta) Assessment {OHEA) in
the Agency's Office of Researh und
Development. They reflect Ageacy
consideration of public and Science
Advisory Board {SAB) commenty on the
Proposed Guidelines for ths Heal h Risk
Assessment of Chemical Mixtures
published January 9, 198S (30 FR 1170).

This publication completes the first
round of risk assessment guidelines
development. These Guidslines will be
revised. and new guidelines will be
developed. as appropriate.
wrracTivE DATE The Guidelines will be
effective September 24, 1988.

FOR FURTHER INFORMATION CONTACT.
Dr. Richard Mathods
Evalustion and t Slaff,
Environmental Criteria and Assessment
Office, U.S. Enviroumental

Agency, 28 W. St. Clair Street,
Cincinnati. OH 45288, 513-560~7582.
SUPSLEMENTARY INPORMATION: [n 1963,
the National Academy of Sciences -
(NAS) published its book entitled Risk
Assessment in the Federa! Government:

Managing the Process. In that book. the
NAS recammanded that Federal
regulatory agencies estsblish “inferencs
guidelines” to ensure consistency and
technical quality in risk sssessments
and 10 ensure that the risk assessment
p?cau was mtgx;lnimd as a scientific
effort separate from risk A
task force within EPA ncupt:g that
recommendation and requested that
Agency scientists begin to develop such
guidelines.

General

m'!'ctlw gmd{ehnu published today are
products of s two-year Agencywide
sffort, which has included many
scientists from the larger scientific
community. These guidelines set forth
principles and procedurss to guide EPA
scientists in the conduct of Agency risk
assessments, and to inform Agency
decision makers and the public about
these procedures. In particular, the
guidelines emphasize that risk
assessments will be conducted on s
case-by-case basis, giving full
consideration to all relevant scientific
information. This case-by-case approach
means that Agency experts review the
scientific information on euch agent and
use the most scientifically sppropriate
interpretation to assess risk. The
guidelines also stress that this
information will be fully presented in
Agency risk assessment documents. and
that Agency scientists will identify the
strengths and weaknesses of sach
assasament by describing uncertuinties,
assumptions, and limitations, as well a8
the scientific basis and rationale for
each assessment.

Finally, tha guidelines are formulated
in part to bridge gaps in risk assessment
methodology and data. By identifying
these gaps and the importancs of the
missing information to the risk
assessment process, EPA wishes to
encourage research and analysis that
will lead to new risk aasessment
methods and data.

Guidslines for Health Risk Assassment
of Chemical Mixtures

Work on the Guidelines for the Health
Risk Assessment of Chemical Mixtures
began in January 1984. Draft guidelines
were developed by Agency work groups
composed of expert scientists fram
throughout the Agency. The drafts were
peer-reviewed by expert scientists in the
fields of toxicology, pharmacokinetics.
and statistics from universities,
snvironmental groups. industry, labor.
and other governmental agencies. They
were then proposed for public comment
in the Federal Registor (50 FR 1170). On
November 9. 1584, the Administretor
directed that Agency offices use the

proposed guidslines in performing risk -4
assessmests until final guidelines ;
bacome avsilable.

ARer the close of the public comment e
period, Agency staff prepared ¥
summaries of the commenta, analyses of SLl:
the msajot issues presented by the : .
commentors. and preliminary Agency “ .
responses 10 those comments. These ‘
analyses were presented 1o review I
panels of the SAB on March 4 and April ¥
22-23, 1085, and to the Executive S
Committee of the SAB on April 25-20,
1085, The SAB mestings were b
announced in the Federal Registeras ' ¥
follows: Pebruary 12. 1985 (50 FR 5811)
and April 4, 1883 {50 FR 13420 and
13421}

In a Jetter 1o the Adminietrator dated
June 18, 1985, the Executive Committes
genserally concurred on all five of the
guldelines, but recommended certain
revisions. and requested that any
revigsed guldelines be submitted to the
appropriste SAB review panal chairman
for review and concurrence on behalf of ‘3B
the Executive Commitiee. As described °
in the responses to comments (ses Part
B: Responsa to the Public and Science
Advisory Board Comsments), each
guidelines document was revised. whers
appropriate, consistent with the SAB
recommendstions, and revised draft
guidelines were submitted to the panel
chatrmen. Revised draft Guidelines for
the Health Risk Assessment of chemical
mixtures ware concurred on in 8 letter
dated August 16, 1985. Coples of the
lettars are available at the Public
Information Reference Unit, EPA
Hesd ers Library, as indicated
elsew in this notics.

Following this Preamble are two paris:
Part A contains the Guidelines and Part
B. the Response to the Public and
Science Advisory Board Comments (a
summary of the major public comments.
SAB comments, and Agency responses
to those comments).

The SAB requested that the Agency
develop a technical support document
for these Guidelines. The SAB identified
the need for this type of document dus
to the limited knowledge on interactions
of chemicals in biological systems.
Becauss of this, the SAB commented
that progress in improving risk
assessment will be particularly
dependent upon progress in the science
of interections.

Agsncy staif have begun preliminary
work on the technical support document
and expect it 1o be completed by early
1087. The Agency is continuing to study
the risk sssessment issues rained in the
guidslines and will revise these
Guidelines in lins with new iniormation
a8 appropnate.
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ta Avsilable on Similar Mixtures
C. Deta Avsilable Only on Mixture Com-
ponenls

ity

1V. Mathematical Models and the Moasure-
ment of Joint Action

A Duce Addition

B Response Addition

C Interactions

V. Referances
Pant B: Response o Public and Sclence Advi-

Comments

Part A: Guidelines for the Health Risk
Asssssment of Chemical Mixtures

L Introduction

The primary purposs of this document
is to generate a consistant

mdﬂonnluungdauw

and subchronic effectsof
chnd:;mbtmhbumﬂ
guide tungnhbmdmdcﬂyh.
statistics) necessary for assessing health
risk from chemical mixture exposurs.
Approaches 0 be used with to
the anslyxsis and evaluation of

various data are siso discussed.

1t is not the intent of these Guidelines

used by exposurs to a chemical
:mq-;?’um.m:mdmm

source ov of spatial or temporal
proximity. In somse instances, the

p
{e.3.. coke oven emissions and diesel

exhaust). In other cases,
mixtures a:&mﬂ‘“
produced as products (e.g.

gasoline and

mixtures consists of compounds, ofien
unrelated chemically or commercially,
which are placed in the same area for
dispossl or , eventually coms
into contact with each other, and are
released as & mixture to the
environmaent. The goality and tity
of partinent information available for
risk assessmant variss considerably for
different mixtures. Occasionally. the
chemical composition of s mixture is
well characterized, levels of exposure to

the population are known, and detailed
t ogic data on the mixture are
avaflsble. Most frequently, not all

wmpmuoﬂhmlxlnombom'l.
exposure data are uncerisin, and |

matabolism, excretion, and activity at
the receptor site{s). may
Commpanast o consing s Change n the
orca s
biological availability of the exis
component. They may algo interact
causing different effects at different
recaptor sites.

Instead. guidence is for the use of
several g ches on the
nature and quality of the dats.
Additions] mathematical details are
in section IV.

lnnddiﬂc;lbmcnidnllmn.a
supplemaenta! technical support
document is devsloped which will
contain s reviaw of all
available Information on the toxicity of
chemical mixtures and a discussion of

{l. Proposed Approach

data on ths mixture or
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the known or anticipated interactions
among components of the mixture. and
the quality of the exposure data. Given
the complexity of this issns and the
relative paucity of empirical dats from
which sound generalizations can be
constructed, smphasis must be placed
on flexibility, judgment, and &
articulation of the assumptions and
limitations In any risk assessment that is
developed. The proposed approach is
summaerized in Teble 1 and Figure 1 and
is detailed below. An alphanumeric
schems for ranking the quality of the
data used in the risk sssessment is given
in Table 2.

A. Data Available on the Mixturs of

carn

.For predicting the efscts of
subchronic or exposure to
mixturos, the preferred approach usually
will be to use subchronic or chronic
health effects data on the mixture of
concemn and adopt procedures similar to
those used for single compounds. either
systemic toxicants or carcinogens (see
U.S. EPA. 1888a—c). The risk assessor
must recognize, however, that dose-
response models used for single
compounds are often based on
biclogicul mechanisms of the toxicity of
single compounds, and may not be as
well justified when applied to the
mixture an 8 whole. Such data are most
likely to be available on highly complex
mixtures, such as coke oven emissions
or diesel exhaust, which are generated
in large quantities and associated with
or suspected of causing adverse health
effects. Artention should also be given
10 the periistencs of the mixture in the
environment as well as to the variability

of the mixture composition over time or
from different sources of emissions. If
the componants of the mixture are
known lo pomiltion into different
environments! compartments or to
degradn or transform at different rates
in the environment, then those factors
must also be taken into account, or the
confidence in and applicsbility of the
risk assessment is diminished.

Table 1.~Rivk Assssemnsnt Approach for
Chemical Mixtores

1. Azsess the quality of the data on
interactions. health sffacts, and exposure (see
Table 2).

a. If adequate, proceed to Step 2.

b. If inadequate. procesd to Step 14.

Z Haalth sffects information is available
on the chemical mixture of conoern.

= If yes. proceed to Step 3.

b. If no, procesd to Step 4.

3. Conduct risk asssesment on the mixture
of concarn based on health affects data on
the mixture. Use the same procedures as

Proceed to Step 7

{optional) and 12

4. Haalth cﬂ&.’ information is available
on a mixture thet is similaz to the mixturs of
conoern,

s If yes, proceed to Step 3.

b. If no. proceed to Sien 7.

8. Assess the eimilarity of the mixture on
whlchh?‘lthoﬂeebdn;mnulhbhbm
tixture of concarn. with emphasie on any
differences in components or proportioas of
componants. as wall as the effects that such
differsnces would have on biological activity.

a. If sufficiently similar, procesd to Step 8.
s b. If not suificiently similar, procesd to

tep 7.

8. Conduct risk sasessment on the mixture
of concern based oo health effects data oa
the similsr mixture. Use the sams procedures
as thoss for single compounds. Proceed o
Step 7 (sptional} end Step 12.

———

7. Compils hesith aﬂmuﬂw
information on the components of the
mixture.

8. Derive aj

sxXposure or visk on the individual

te indices of acoaptable- -'

components in the mixtare. Procsed to Step 8. -}

9. Azsess data on interactions of
ts in the mixtures.

availsble. uss whatever Information ie

§
a
|

b. If sufficient quantitative dats are ot -




Y. Assess quality of dats wsing Tadle 2.
§. Interactions

14. Qualttatively assess hazard.

Ne quantitative risk assessamnt

11, Healln Effects
111, Exposure

Adaquale

" [ )
(2. bata_on mixture of concernt) —————=(1._bata sn sisllar miztered}—
y Y
“
(5. Mixtures sufficlently simtlarl ) ——""—"{8.
y
3. R1sk sssestment wsing datd on 6. Risk assessmenl viing data

mixtore of concern.

on similar aintures.

1denf ity

. 10, 11 as apprepriste.
preferred sssestoest.

.

[}

13, .Develep

discusslon

m.,mu sunmiry Incleding
of encertaiaties.

Figure V. Flow chart of the risk assessment sppredch

able Gita.
SRLING COUE $000-00-0

possible (V.e., using data en the mintere, & sinilar sisture, oF the conpones
See text for further discussion.

tn Table 1. Note that 1t mdy be desirable to conduct all three asse
ts] Yo erder to mike the fullett vie o

[1. oata on mixture cmui;s'._] :

|

Indtces of acceplablility and
risk based on tomponeni data.

|

3. Sufficient informatton to
quantify lateractionst

-

10. Risk sssessmeat WItA inter.
actions quaniificd vhere
appropriate. Use it ivity

for ether components.
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Table 3~Classification Schems for the
Quality of ths Riak Asesamest of the
Mixwre *

Information on Interociions

L Assessment is based on dats on the
mixture of concern.

0. Assesament is based on datz on a
safficiently similar mixture.

111 Quantitative interactions of components
ars well characterized.

IV. The assumption of additivity is justified
based on the nsture of the heslth effects and
on the sumber of component compounds.

V. An sssumption of additivity cannot be
justified. and no quantitative risk assesament
can by conducted.

Health Effects Informtion

A Full health effects data are svailable
and relatively munor extrapolation is

roquired.
nmw&maum-mw
4 lumﬁe

C. Full bealth sffects dsts are available.
but ’ lation is required for
rouuwdnmtiondwu(umdu
differ tions are not
d!mcxlymomdby!hlnfomwo-
available.

D. Certain important bealth sffects data are
lacking and extensive extrapolations are
required for route or durstion of exposure or

for species differencas.

E A lack of haulth effects information on
the mi and its comp ts in the
mixture preciudes a quantitetive risk
assessment.

Exposure Informauomn®

1. Monnonng information mhor alonc orin

on with modeling is

sufficient to accurately characterize human
sxposure 0 the mixture or i1s componaents.

2 Modaling information is sufficient to
reasonably charscterizs buman exposure to
the quxturs or its components.

3. Exposure sstimaiss for some components
are lacking. uncertain, or verisbie.
Information on health effects or
snvironmanial chemistry suggest that this
limutation s aot likely to substantially affect
the risk assessment.

4. Not all components in the mixture have
been identified or ievels of exposure are
highly uncerwin or vanabls. information o
hegith sffects or snvironmental chemistry is
not sufficient 10 assess the efiact of thiy

on the risk ot

S. Tha availsble exposurs information is

insuffictent for conducting s risk assessment.

*See text for dincussion of sufficrent similartry.
adequacy of data. and justification for additinty
ASUTADILONS.

* Swe the Aganty's Gurdeltines for Estimating
Exposurss {U.S. EPA. 1988d) for more compiets
inlormation on pe! SEDORUPE SS0CEIMONLS
and svaluating the qually of sxposwre data.

B. Data Available on Similar Mixtures

Uf the risk assessment is based on
data from a single mixture that is known
to be genarated with varying
compositiona on time or
different amission sources, then the
confidence in the applicability of the
data to a risk asssssmant also is
diminished. This can be offset to soms
degree if data are availabls on several
mixtures of the sams components that
bave different component ratios which
sncompass the temparal or spatial
differences in composition of tha
mixture of concern. If such data are
svailsble, an attempt lhould ba made to

determine if significan stematic
differences ndn unona the ::Lmlul

mixtures. If significant diffsrences are
notad. of risk can be sstimated
based on the toxicologic data of the

various mixtures. if no significant
differences are noted. then & single risk
ssseasment may be adaquats, aithough
the range of ratios of the components in
the mixtures to which the risk
assassment applies should aleo be given.

if no data are available on the
mixtures of concern, but health sffects
data are available on a similar mixture
(i.e.. & mixture having the same
components but in slightly different
ratios. or having several common
components but lacking one or more
components, or having one or more
additional components}, a decision must
be made whether the mixture on which
health effects data are available is or is
not “sufficiently similar” to the mixture
of concern t0 permit & rirk assessment.
The determination of “sufficient
similarity” must be made on a case-by-
case basis. considering not only the
uncertainties associated with using data
on a dissimilar mixture but also the
uncertainties of using other approaches
such as additivity. In determining
reasonsble similarity. considerstion
should be given to any information on
the romponents that differ or are
contained in markedly different
proportions betwesn the mixture on
which heelth effects data are available
and the mixturs of concern. Particular
emphasis should be placed on any
toxicologic or pharmacokinetic data on
the components or the mixtures which
would be useful in asses: the

significance of any che: differencs
between the similar mixturs and the
mixtures of concern.

Even if » risk assessment can be made
using data on the mixtures of concern or
a reasonably similar mixture. it may be
desirable 10 conduct a risk assesament
based on toxicity dats on the
components in the mixture using the
procedure oullined in section LLB. In the

case of a mixture containing carcinogens -
and toxicents, an approach based on the &

mixture data alons may not be

, sufficiently protective in all cases. For

sxample. this spproach for a two-
componsnt mixture of one carcinogen
and one toxicant would uss toxicity
data on the mixture of the two

compounds. However. in a chronic study "

of such s mixture, the pressnce of the
toxicant could mask the sctivity of the
That is to say. at dosss of
the mixturs sufficient to induce &
carcinogenic effect, the toxicant could

induce mortality so that at the maximum §

tolerated doss of the mixture. no
carcinogenic sffect could be observed.
Since carcinogenicity is considered by
the Agency to be a nonthreshold effect,
it may not be prudent to construe the
negative results of such & bicassay as
indicating the absence of risk at lower
doses. Consequantly, the mixture
approach should be modified to allow
the risk assessor to evaluate the
potentia! for masking. of one effect by
another, on a case-by-case hasis.

C.'Data Available Only on Mixture
Components

if data are not available on an
identical or reasonably similar mixture,
the risk assessment may be based on
the toxic or carcinogenic properties of
the components in the mixture. When
little or no quantitative information is
availeble on the potential interaction
among the components. additive models
{defined in the next section) are
recommended for systemic toxicants.
Several studies have demonstrated that
dose additive models often predict
reasonably well the toxicities of
mixtures com, of a substantial
variety of both similar and dissimilar
compounds (Pozzani et al., 1838; Smyth
et 8l., 1969. 1870: Murphy, 1980). The
problem of multiple toxicant exposure
has been addressed by the American
Conference of Covernmental Industrial
Hygienists (ACGIH. 1983), the
Occupational Safety and Health
Administration {OSHA. 1883). the World
Heslth Organization (WHO, 1681), and
the National Ressarch Council (NRC,
1880s. b). Although the focus and
purpose of each group was somewhat
different. all groups that recommended
an approach elected to adopt some type
of dose additive model. Nonetheless. as
discussed in section IV, dose additive
models are not the most blologically
piausible approach if the compounds do
not have the same mode of toxicologic
action. Consequently, depending on the
nature of the risk assessment and the
available information on modes of
action and pattems of joint action, the

o e e T
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margins of safety (MOS), or acceptable
concentrations in various media. For the
purpase of this discussion. the term
“acceptabls level” (AL) will be used to

Guidelines for Estimating Exposures
(U.S. EPA, 1986d). For such sstimates,
the “hazard indsx™ (HI) of & mixture
based on the assumption of dose
addition may be defined as:

HlmE /Al + Ee/Ale+. . . +EJAL, (111}
where:
E, = exposure lgvel to the i* toxicant® aad
Aly»maximum sccaptabie level for the [
toxicanl.
Since the assumption of dose addition is
most properly applied to compounds
that induce the same effect by similar
modas of action, & separate hazurd
index should be generated for each end
point of concern. Dose sddition for
dissimilar effects does not have strong
scientific suppost, and, if done, should
be justified on a case-by-case basis in
terms of biological plausibility.

The assumption of dose addition is
most clearly justified when the
mechanisms of action of the compounds
undsr consideration are known to be the
same. Since the machanisms of action
for most compounds are not well
understood, the justification of the
assumption of dose addition will often
be limited to similarities in
pharmacokinetic and toxicologic
charscteristics. In any event, if a hazard
index is ganerated, the quality of the
experimental svidence the
assumption of dose addition must be

cautious intsrpretation. The hazard
index s only s numerical indication of
the nearneas to scceptable limits of
exposure ar the degres to which

* Soe the Agency's guidelines (U.S EPA. 1908d)
for tnformation ea hew 10 esttmate this vales.

effects in severs) organs, reproductive
effects. and behavioral affects), the
hazard index may suggest what types of
eflects might be expecied from the

ariabilities of the accepta

Vi

known, or if the scceptabls lsvels are

E erem! Sacgin S satory), than e,
srent

haxard index ehould be presented with

corresponding estimates of varistion or

range.

Most studiea on systemic toxicity
repart only descriptions of the effects in
each dose group. If ponse
curves ars sstimated for systemic
toxicants, howevur, dose-additive or
response-additive assumptions can be
btologl‘:‘lll; lausible ;ivm(mm

p! ass (]
section IV for the mathematical details).

2 Carcinogens. Por carcd

. nogens,
whenever linearity of the individusl

dose-responae curves has besn assumed
(usually restricted to low doses), the
increase in risk P (also called excess or
incremental risk), caused by exposure d,
18 related to carcinogenic potency B. as:

PudB {U-2)

‘For multipls compuunds, this squation

may be generalized to:

P=14B, -3)
This equation assumes independence of
action by the seversl andis
equivalent to the sssumption of dose

tion as well a8 to response addition
with completely nagative correlation of

_ tolerance, ss long as P < 1 (see section
to the used in

.

equstion -1 for systsmic toxicants, an
index for n can be
developed by di exposure levels
(E) by doses {(DR) associated with s set
level of risk:

HlmE, /DR, +E/DRe+. . .+E,/DR, [4)
Note that the lass linaar the dose-
response curve is, the less sppropriate
equations [1-3 and [1-4 will be, perhaps
even at low dossa. It should be
emphasized that becauss of the
uncertainties in estimating dose-

34019
most reascnable additive model should  scceptable exposurs levels are responsa relstionzhips for single
be used. excerded. As this index approachss compounds, and the additdons]

1. Systemic Toxiconts. For systemic unity, concern for the potential hazard uncertainties in combining the
\uxicants, the current assessment of the mixture increasss. If the index individusl estimate to sssess response
methodology used by the Agency for oiceads unity, the concem is the same from exposure to mixtures, response

compounds most oftan results in a4 i an individual chemical exposure rates and hazard indices may bave merit
the derivation of sn exposure lavel sxcesded its acosptabls lavel by the {n comparing risks but should not be
which s not anticipatad to cause sums proportion. The hazard index does  regsrded as measures of sbeolute risk.
significant adverss effects. . not definy dose-respanse relationships. 3. Intaroctions. None of the sbova.
on tha routs of exposure, media of and ifs numerical valus should not be equations incorporsies any form of
concern. and the legislstive mandste construed to be & direct eatimate of risk.  synergistic or antsgonistic interaction.
guiding tha risk assessments, these Nonetheless, if aufficient date are fome types of informaticn, bowever,
expp-mhvuhmbcwm availabls to derive individual may be svallable that suggest that two
;rmtymlr as acceptabla dally  gcceptable levels for a spectrum of of more ons in the mixture may
n or [ MFO ormation
( uku). mu wmmv flects (a.g3.. tnduction, minimat intersct. must be

assessad in tanms of both its relevance
to subchronic or chronic hazard snd its
suitability for quantitatively altering the
risk assessment.

For axampla, if chronic or sabchronic
toxdgity or carcinogenicity studies have
been conducted that permit s
quantitative sstimation of interaction for
two chamicals, then it may be desirable
to consider using tions detailed in
section [V, or of these

with the interaction of the two toxicants
on which quantitstive intersction data
are available. If the weight of evidence
suggests that interference is likely, then
& quantitative altsrstion of the risk
assassment may not be justified. In such
cases, the risk asssssment may only

interaction batween two

derived from acute studies, are even less
likely to be of use in the quantitative
assessment of lang-term health risks.

indicats the relevance of the information
to subchronic or chronic exposure, and
lndla;:.ll!poudbh.lhmmd

T
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based on exposure and toxic or
carcinogenic potential. This potential
alone should not be used as an indicalor
of the chemicals posing the most hazard.

4. Uncertointies. For each risk
sssessment, tho uncertainties should be
clearly diacusaed and the overall guality
of the risk assessment shoald be }
characterized. The scheme outlined in
Table 2 shouid be nved 10 express the
degree of confidence in the quality of
tha datss on interaction. heaith effects.
and exposure. g

a. Health Effects—In some cases.

when health effects data are incomplete.
it may be possible to argue by analogy
or quentitative structure-activity ¥
relationships that the compcunds on
which no health effects date are |
available are not likely to significantly
affect the toxicity of the mixture. If a
nsk assessment includes such an
argument. the limitations of the
approach must be clearty articolated.
Since a methodology has not been
adopted for estimating an acceplable
lavul (e.g. ADI) or carcinogenic
potential for single compounds based
either on quantitative structure-activity
relationships or on the results of short-
term screening tests, such methods are
not at present recommended as the sole
basis of a risk assessment on chemica}
mixtures.

b. Exposure Uncertainties—The
genersl uncertaintios in expasure
assessment have been addressed in the
Agency's Guidelines for Estimating
Exposures {U.S. EPA, 1888d). The risk
assessor should discuss these exposure
uncertamnties in terms of the strength of
the evidence used to quantify the
exposure. When appropriate. the
assessor should also compare
monitonng and modeling data and
discuss any inconsistencies as a source
of uncertainty. For mixtures, thess
uncertainties may be increased as the
number of compounds of concern
increases.

If levels of exposure to certzin
compounds known to be in the mixture
are not availabie, bu! information on
hes!th effects and environmantal
persistence and transport suggest that
these compounds are not likely to be
ugnificant in affecting the toxicity of the
muxture, then a risk assessrnent can be
conducted based on the remaining
compounds in the mixture, with
appropriats caveats. If such an argument
canoot be supported, no final risk
assessment can be performad until
adequate monitoring data are avauable.
As an interim procsdure. @ risk
asseasment may be conducted for those
components in the mixture for which
adegquate exposure and health effects
data are available. If the interim risk

@ssessment does not suggest a haxard,
there is still concern aboot the risk from
such a mixture because not all
camponents in the mixiure have been
conaidered.

¢. Uncartainties Reg
Compoeition of the Mixtare—in perhaps
2 worst case acenario, iuformation mey
be lacking aot only on hsalth eHe:ts and
levels of exposure, but also on the
dentity of some components of the
muxture. Analogoas to the procedure
described in the previous paragraph, an
interim risk assessment can be
conducted on thoss components of the
mixture for which sdequate health
effects and exposure information are
available. If the riak is comsidered
unacceptable. a conservative approach
is to present the quantitative estimates
of risk. along with appropriate
qualifications ing the
incompleteness of the data. If 2o hazard
is indicated by this partisl assessment.
the risk assesament should not be
quantified until better health effects and
monitoring data are available to
edequately characterize the mixture
exposure and potential hazards.

1. Assumptions and Limitations
A. Information on Interactions

Most of the data available on toxicant
wnteractions are derived from acute
toxicity studies using experumental
animals 10 which mixtures of two
compounds were tested. often in only &
single combnation. Major areas of
uncertainty with the use of such data
involve the spproprieteness of
interaction cata from an acute toxicity
study for quantitatively altering & nak
assessment for subchronic or cgnromc
exposure, the appropriateness of
interaction data on two component
mixtures for quantitatively altering a
risk assessment on a mixture of severs!
compounds, and the accuracy of
interaction data on experimental
animals for quantitatively predicting
interacticns :n humans.

The use of interaction data from acute
toxacity studies to assess the potential
interactions oo chronic exposure is
highly questionable unless the
mechanism{s) of the interaction on acute
exposure ware known to apply to low-
dose chronic exposure. Most known
biological mechanisms for toxicant
interactions, however. involve some
form of competition between the
chemicals or phenomena involving
saturation of a receptor site or metabolic
pathway. As the doses of the toxicants
are decreased. it is likaly that these
mechanisms either no longer will exert a
significant effect or will be decreased to

an extent that canno! be meassured or
approximated.

The sse of informstion from two-
component mixtires 10 assess the
interactions in s mixture containing
‘more than two compovnds also
questionable from & mechanistic
perspective. Far axampls, if two
compounds are known to interact, either
synergistically or antagonistically,
because of the effects of one compound
on the metabolism or excretion af the
other, the addition of a third compound

which either chemically alters or affects *

the sbsorption of one of the first two
compounds could substantiaily alter the
degree of the toxicologic interaction.
Usually. detafled studies quantifying
toxicant interactions are not available
on multicomponent mixtures, and the
few atudies that are available on such
mixtures {(e.g., Gullino ot al.. 1958} do not
provide sufficient information to assess
the effects of interactive interference.

Concerns with the use of interaction
data on experimental mammals to
assess interactions in humans is based
on the increasing appreciation for

systematic differencas among species in
their response to individual chemicals. u

systematic differences in toxic
sensitivity to single chemicals exist

among species. then it seems reasonable *

to suggest that the magnitude of toxicant
interactions among species also may
vary in & systematic manner.
Consequently, even if excellent chronic
data are available on the magnitude of
toxicant interactions in a species of
experimental mammal. there is
uncertainty that the magnitude of the
interaction will be the same 1n humans.
Again, dats are not available to properly
assess tke significanca of this
uncertanty.

Last. it should be emphasized that
none of the models for toxicant
interaction can predict the magnitude of
toxicant interactions in the absence of
extensive data If sufficient data are
available to estimate interaction
coefficients as descnbed La section 1V,
then the magnitude of the toxicant
interactions for various propotrhons of
the same components can be predicted.
The availability of an interaction ratio
{observed response div.ded by predicted
response] is useful only in assessing the
magnituds of the toxicant interaction for
the specific proportions of the mixture
which was used to generate the
interaction ratio.

The basic assumption in the
recommended approach is that nsk
assessments on chemical mixtures are
best conducted using toxicologic data on
the mixture of concem or a reasonably
similar mixture. While such nsk

-

. ey

X4

o

ase
of
de.
di!
de:

Inc
tos
(32

me
ho
th.
nc
in
ar
be
as
on

er:
an

sh
(4]
St

n
te




-~

]
Sle

ns.
erly

*of
o

of

0

cted
1 ,for

aon
ly

E

Foderal Kogister / Vol 51. No. 185 / Wednesday, Beptember 24. 1966 / Notices

assmssments do not formally consider
toxicologic intersctions as part of a
mathematical model, it is assumed thst
responses in expsrimental mammals or
human popuiations noted aftsr

to the mixture can be used to
conduct risk assessments on human

to-species ex lation for single
compounds & When
using bealth aflects data on chemical -
mixtures from studies on exposed
human popuolations. the limitations of
epidemiologic studies in the risk
assessment of single compounds alsn
apply to mixturss. Additional limitations
may bs involved when using health
effects data on chemical mixtures if the
components in the mixture are not

constant or il the components partition
in the environment. 3

8 Additivity Models

If sufficient dala are no! available on
the effects of the chemical mixture of
concemn or 8 reasaonably similsr mixture,
the proposed approach is to assume
additivity. Dose additivity is based on
the assumption that the components in
the mixture have the sama mode of
action and elicit the same sffects. This
sssumption will not hold true in most
cases. at least for mixtures of systemic
toxicants. For systemuc toxicants,
however, most single compound risk
assessments will result in the derivation
of accaptable levels, which, as currently
defined. cannot be adapted to the
different forms of response additivity as
described in section IV,

Additivity models can be modified to
incorporate quantitative data on
toxicant interactions from subchronic or
chronic studies using the models m
in section 1V or modifications of
models. !f this approach is taken,
however. it will be under the assumption
that other components in the mixture do
not interfere with the measured
interaction. In practice. such subchronic
or chronic interactions dats seidom will
be availsble. Consequently, most risk
assessments [on mixtures) will be based
on an assumption of additivity, as long
as the em‘:;&ounu elicit similar sifects.

Dose-additive and response-additive
assumptions cao lesd to substantial
errors in risk estimates if synergistic or
antagonistic interactions occur.
Although dose additivity has been
shown 10 predict the acute toxicities of
many mixtares of similar and dissimilar
compounds {s.g-, Pozzani et al., 1950:
Smyth et al., 1900, 197G M . 1960),
some mariked exceptions have
noted. For example, Smyth et al. (1970)
tested the interaction of 53 pairs of

industrial chemicals bassd on scute
lethality in rats. For most pairs of
compounds, the ratio of the predicted
LD 10 observed LDy, did oot vary by
more than s factor of 2. The greatest
variation was sesn with an equivolume
mixture of morpholine and toluens. in
which the observad LDy was about
fives times less than the LD, predicted
by dose addition. In a study by
Hammond et al. (1979), the relative riak
of lung cancer attributable to smoking
was 11, while the relative risk
associated with asbestoa axposure was
8. The relative risk of hing cancer fram
both smoking and asbestos

wap 53, indicating a substantial
synergistic effect. Consequantly. in soms
cases, additivity assumptions may
substantially underestimate risk. In
o&uummhmmud.
While this is

situation, the »
are insufficient for estimsting the
magnitude of thase errors. Based on
current information, additivity
assumptions are sxpected to yleld
gonarally neutral risk estimates {i.e.,
neither conservativa nor lenient) and are
plausible for component compounds that
induce similar types of effects at the
samse sites of action.

1V. Mothematica! Modela and the
Mecsurement of foint Action

The simplest mathematical modals for
joint action assurae no interaction in
any msthematical sense. They describe
either dose addition or response
addition and are motivated by data on
acute lethal effects of mixtures of two
compounds.

A. Dose Addition

Doss addition sssumes that the
toxicants in @ mixture behave as {f they
were dilutions or concentrations of each
other, thus the true siopes of the dose-
response curves for the individual
compounds are identical, snd the
response elicited by the mixture can be
predicted by summing the individual
doses afier adjusting for differences in
potency: this is dafinad as ths ratio of
equitoxic doses. Probit transformation
typically makas this ratio constant at all
doses when parallel straight lines are
obtained. Although this sssumption can
be applied to any model (e.g., the one-hit
mode! in NRC, 1080b), it has been most
oftan usad in toxicology with the log-
dose probit response model, which will
be used to illvatrata the assumption of
dose addition. Supposs thet two
toxicants show the following log-dose
probit response equations:

Y, =034+3log Z; (IV-1)
Yim1243l0g 2 {iv-2)

34021
m——
whaere Y, Is the probit
associated with a dose of Z, {Im=1, 2).
The potsncy, p, of toxicant #2 with

respect w0 toxicant #1 is defined by the
quantity Z,/Z, when Y, =Y, (that is
what s meant by equitoxic doses). in
this exampls, the potency. p. is
approximatsly 2. Dose addition assumses
that the response. Y. to any mixture of
these two toxicants can be predicted by:

Y=03+3 log (Z,+pZa) av-s)

Thus, stnce p bs defined a8 2./Zs
equation [V~3 essentially converts Z,
into an equivalent dose of Z, by
sdjusting for the differencs in potency.
A more generalized form of this
squation for any number of toxicants is:

‘Yway+bloglfi+ Tp)+blogZ (IV-4)

where:
a,=the y-interoept of the dose-response
"

equation for toxicant

busthe slope of the dose-rasponse lines for
the toxicants

{,= the proportion of the £ toxicant ia the
mixtare

py=the potency of the I toxicant with
respect o toxicant #1 (Le. Z,/Z). and

Z e the suza of the individual doses in the
mixture.

A more dotailed discussion of the
derivation of the eguations for dose
addition is presented by Finney (1671).

B. Response Addition

The other form of sdditivity is
referred \0 as response addition. As
detailed by Bliss (1030), this type of joint
action assumes that the two tmde:::ls
act on diffsrent receptor systems
that the correlation of individual
tolerances may rangs from completsly
negative {r= —1) to completely positive
(r= +1). Responise addition assuroes

P as the proportion of organisms

to n mixture of two toodeants
which e individual responses of P,
and Py, then
P=P, fre1 M ’l)’l (N‘)
PupPyifrml and Pichy {Tv-8)
PuPi+P (1-P;) f =0 IV-7)
PuPePifrm-1and Pl (IV-8)

Mare mathematical models
for this form of joint action have been
given by Plackett and Hewlett (1048).

C. interactions

All of the sbove models assume no
interactions and therefore do not
Incorporate messuremants of synergistic
or antagonistic effects. For messuring
toxicant interactions for mixtures of two
compounds. Pinney (1942) proposed tha

Ry
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following modification of equation Vg
for doss addition: %

Yoo, 43 log Bt ple + K [pLIJ*8 4 b dow >
(v-g)

where au b . L p, a5l Z are deBinad as
before, and K is the confBicient of
interaction. A positive valus of K
indicates synergism. a negative valoe
tndicates antagonism, und s valug of
zero corresponds to dose addition as in
squation IV4. Like other proposed
modifications of dose addition (Hewlett,

To account for such asymmetric patterns
of interaction as thoes observed g;
Alstott et al. (1973}, Durkin (1981)
proposed the following modification to
equation [V-g: H
Yomaeblog(fis pfat K [pljese K,
tplLa)* % +blog Z i (V=10

in which K(pf.,}** is divided into two
components. K.f,(pf.f,}** and KAu{pf.f,)
**. Since K, and K, need not have the
ame sign. apperent instances of
antagonism al one receptor site and
synergism al another receplor site can
be estimated. When K, and K, are equal,
equation IV-10 reduces to Equation
V-8, B

it should be noted that to obtain
reasonable number of degrees of
freedom in the estimation of X in
squation [V~ or K, and K, in equation
IV-10. the toxicity of several different
combinstions of the two te
must be asssyed slong with assays of
the toxicity of the individual
components. Since this
experiments with large numbers of
animals. such analyses have been
restricted for the most part to data from
acute bioassays using insects (eg.
Finney, 1971) or aguatic organiams
(Durkin, 197%). Aiso. because of the
complexity of experimental design and
the need for Large numbers of animals,
neither equation IV-9 nor equation [V~
whanbcensenenlindorqrputd!o
mixtures of more than two toxicants.
Modifications of response-additive
wodels to include intsractive terms have
slso been proposed. along with
appropriste statistical tests for the
assumption of sdditivity (Korn and Lin,
1983; Wahrendorf et al. 1981). ¢

In the epidemiclogic literature,
measursmants of the extent of toxicant
interactions, S. can be expressed as the
ratio ofoburv;yd rehumtp relative
risk predicted by some %
additivity assumption. Analogous to the
ratio of interaction in classical 7
toxiocology studies. 8 = 1 indicates no
interaction. $> 1 indicates synergism.,

et

4
b

and 8.<1 indicates anagonism.
models for both additive and
multiplicative risks have been
(e.g. Hogan et al., 1978; NRC. 19800:
Waltsr, 1876). For instance, Rothman
(1978) has discussed the use of the
following measurement of toxjcant
interaction basad on the assumption of
risk additivity:

Snm‘.-l]/ﬂ-+ﬂrll (w—‘i'

where R, is the relative risk from
compound #1 in the abssnce of
compound #2, R, is the ralative risk
from compound £2 tn the absence of
compound #1, and R,, is the relative risk
from axposure to both compounds. A
multiphicative risk mode! adapted from
Walter and Holford (1978, equation 4)
can be stated as:

8 = Ru/(RuRa) Iv=12)

As discusased by both Walter and
Holford (1878) and Rothman (1878). the
risk-additive model i3 generally applied
o agents causing diseases while the
multiplicative modsl is more appropriate
to agents that prevent disease. The
relative merits of these and other
indices have been the subject of
considerabie discussion in the
epidemiologic literature {Hogan et al.,
1878; Kupper and Hogan, 1978; Rothman,
1878; Rothman et al., 1880: Walter and
Holford. 1678). There seems to be a
consensus that for public heaith :
concerns regarding ceusative (toxic
agents, the additive model is more
appropriate.

Both the additive and multiplicative
models assume statistice} independencse
in that the risk azsociated with
ta both compounds in combination can
be predicted by the risks associated
with separate exposure to the individual
compounds. As illustrated by
Siemiatycki and Thomas (1981) for
multistage carci esis, the better
fitting statistical model wil] depend not
only upon actual biological interactions,
but also upon the stages of the disease
coprocen whichﬁy the compounds sffect.

nsequantly, there is no & prior7 basis
for selecting either type of model in a
risk assesament. As discussed by Stars
et 1l (1983). the concepts of multistage
carcinogenesis and the effects of
cocarcinogens on risk are
extremely complex issues. Although risk
models for promoters have been
proposad (e.g.. Burns et al., 1863). no
single approach can be recommended at
this ime,
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Part B. Respouss to Public and Scisace
Advisory Board Corunents

L Introduction

This section summarizes soms of the
major issuss raised in public comments
on the Pro Guidelines for the
Health Assessment of Chemical
Mixtures publishad oo January ¢, 1985
{30 FR 1170). Commaents were received
from 14 individuals or organizations. An
issue paper reflecting public and
external review conunents was
presanted {0 the Chemical Mixtures
Guidelines Panel of the Science
Advisory Board (S8AB} on March 4. 1988,
At its April 22-23, 1885, meeting, the
SAB Panel provided the Agency with

suggestions and

additional the
recommendations concerning
Guidelines. This section also
summarizes the issues ruised by the

The SAB snd public commentors
expressed diverse opinions and
eddressed issues from a variety of
perspectives. Ir. response lo comments.
the Agency bas modified or clarified
planning d' “:!3;. technical e

to devalop s support
document in line with the SAB
recommendations. The discussion that
follows ts significant {ssues
raised in mm Aul’:o
Agency’s responss to . many
minor recommendations, which do not
warrant discussion here, were adopted
by the Agency.
I1. Recommendad Procedures

A. Definitions

mo—— wtha h:l:.ol dcﬂ:m N.gnr
concerning tions
certain key items and the general
understandability of certain sections.
Definitions bave been rewritten for
severs] terms and the text has been
significantly rewritten to clarify the
Agency's intent snd meaning.

Several commentore noted the lack of
a precise definition of “mixture.” sven

Several coramentors expreseed
concarn that “sufficient similarity” was
difficult to define and that the

Guidelines should give more details
Agency agress and is resoarch

B. Mixtures of Carcinogens and
Systamic Toxicants

The applicability of the preferred
approach for a mixture of carcinogens
snd systemic (noncarcinogenic)
toxicants was a concern of several
public commentory as well as the SAB.
The Agency realizes that the preferred
approach of using test data on the
mixtnre itself may not be sufficiently
protective in all cases. Por

The

would lead to insing
toxicity data on the mixture of the two
componndn.l‘loww::.l:gmbhh
set the proportions component
90 that in a chronic bicassay of such s
mixture. the of the toxicant
could mesk the activity of the
carcinogen. That is to say, at doses of
the mixture sufficient for the carcinogen
to induce tumors in the small

:
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x| the toxicant could
iobace moralty B iy toxicant coud.
same study, no advarse effacts would be
observed, .

the preferrad
appreach 10 allow the riak assessor to
tnluulhnpounwbmhn‘of
carcinogenicity or other effects og 3

Another difficulty occurs with such a
smixture when the risk assessmant needs
to be based on data for the mixturs

DRents.

111 Additivity Assumption

Numerous “:;unmnn a:;n’nm?d
concerning assump. ofa vity.
including:

c.thoawllc-hlmyohddmvityto
= " mixtures;

b. m&dmonddluvitytor.”
compounds that induce different effacts;
¢ the intspretation of the Hazard

and

d. the use of interaction data.

A Complex Mixtures

mm:%?&uaunuo‘m
sasumption of a ty to complex
mixtures containing tens or bundrads of
components was raisad in several of the
public comments. The and its
number of

t
estimate of risk or an acceptable level is
associated with some srvor and
unecnﬂnty.mmcummlmowledg-.
the uncertainty will increase as the

fumber of componants increases. In any
avant, little oxperimenta) dats are
available to daterming the gensral
change in the arror as the mixture
containg more ta. The

bas decided :m“:d m: : the “E.. of
cot| ts shiould not be set in
Cmm However, the Guidelines do
explicitly state thet as the number of
compounds in the mixtury increases.
uncertainty associated with the risk
Assessment is slso likely to increass.

B. Dose Additivity

Commentors were concemed about
what appesred to be a recommendation
of the use of dose additivity for

The discussion foll thndn::ﬂm

owing

additivity equation was clarified to

ludlauﬂm&.mdcomhlnmaﬂ

compounds, even if they induce
offects, is s

the

ia theoretically sound, and therefore
best applied for assessing mixtures of

similar acting components that do pot
interact.

C. Interpretation of the i{azard Index
Several comments addressed the
potential for misinterpretation of the
hazard index. and soms Quastioned its
ulidlz‘.“mﬂm that it mixes science
and v, ts by utl:r
“acceptable” levels in the caiculation.
The Agency agrees with the
confusion its use and has
revised the Guidelines for clarification.
The bazard index is an easily derived
restatement of dose additivity, and fs,
therefore, most accur;: \:l.un used with
mixture components that have similar
toxic action. When used with

action, the hazard index is less accurste
nndlhouldbuim-rpmadcnlyun
mxghhdia&onolconum.hmth
douldditiun.thunommty
anodnhdwl‘::thchuglndu
increasas as the number components
increases, sc that it is less o to
!onvalnmghtoxidtyo complex
ixtures,

D. Use of Intsraction Data

information on tnteractions is meager,
with only & few studiss comparing
tesponse to the mixture with that
predicted by studies on ts.
Additional ancartainties include
exposure variations due to changes in

composition, mixture dose. and species
differences in the extent of the
interaction. The is cons

an interaction dats base in en attempt to
answer some of these issues. Other
comments concerned the use of different

types of intersction data. The Guidelines -

restrict the use of interaction data to
4 s h;:lwhoh animal
ioassays of & tion appropriste to
the risk assessment. Since such data are
frequently lacking, at least for chronic or
subchronic oflacts, the issus is whather
tollbwforthauuo{othntnlom-uon
such as acute dsta. in vitro data, or
structure-activity relationships to
quantitatively alter the risk assessment,
by use of & safety factor. The
belisves that cient scientific
w does not exist for the use of
data in any but a qualitative
n of possible synergistic or

V. Uncertainties and the Su fici of
the Data Base oy

In ths last two phs of section II

of the Guldllhc‘.ullrl‘:l’t:onl are

in which the risk assessor (s
presanted with lncomph; tox.il;i;ym
monitoring, or exposure deta.
an well as seversl public commentors,
recommended that the “risk
management” tone of this section be
modified and that the option of the risk
assessor to decline to conduct s rigk
assessment be made more explicit.

This is & difficult issus thet must
m&dornotenly!hammyofmc
availabls data for risk assessment. but
also the needs C?' the u?:em:y in ’l'ilk
management. Given the types of poor
data often available. the risk assessor
may indicate that the risk assessment is
based on limited information and thus
conteins no quantificatian of risk.
Nonethelrss, {n any risk L
substantial uncertainties oxist. It is the
obligation of the risk assessor to provide
an assessmant. but also to ensure that
all the assumptions and uncertainties
are articuiated clearly and quantified
whenever possibls.

The SAB articulated several other
recommendations related to .
uncertainties, all of which have been.
followed in the revisicon of the fad
Guidelines. One recommendation was

&hlnhmmmrymadmanbhaho
be presented as chart 5o that all

of a system 10 axpreas the level of
conﬂdenuinthurimmpaonho
risk assessment.

The Agency has revised the summary
tabie to present four major options: risk
assesment using data on the mixturs
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itsell, dats on & similar mixtare, data an

Ap of additivity cannot be
and 8o quantitative risk
assessment can be conducted.
ealth effects:

A lack of heaith effects information on
the mixture and its components
precludes & quantitative risk
asseasment.

X

within the framework of a brief setof

guidelines. The Agancy is s

summarize the svailable information on
health effects from chemical mixtares,
and on intaraction machanisms, as well
as identify and develop mathemastical
modais and ststistical techniques to
support these Cuidelines. This document
will also identify critical gaps and
research needs.
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