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SPECIAL NOTE

This draft guidance manual is based on a proposed rule,

the approach and content of the final version of the guidance,-

when issued, will be dependent on the approach promulgated
in the final Land Disposal Restrictions Rule. Promulgation

of the first phase pflfinal land disposal restrictions is

scheduled for November 1986.
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bi. Introduction -

This guidance manual provides a basic'descriptibn.of the
E}eqﬁirements for petitioning-the Agency for removal of |
“restrictions placed on the land disposal of any‘hazardous

waste under Section 3004 (d), (e), or (g) of the Resource

Conservation and Recovery Act (RCRA). To obtain approval for

. S L , ' S
a petition, it must be demonstrated that land disposal is a

Eanageﬁent §racgice thatAwili be protéctive of human health.
End the envi:dnment; To be protective, Section 3004 of RCRA
ieQuires that the peti?ioner demonétrate ®eee to a reasoﬁable
éegree.ofycertainty,‘that there will be no migration of
ﬁazardo@s cohstituents from the disposél unit or injection
zone for as long as the wastes remain hazardous."  This manual
willldescribe the procéss by which such petitions will be
prepared and submitted to the Agency for review and approvél.

The Novemper 8, 1984 amendments to.§CRA proQide the
Agency a basis on which to restrict hazardous wastes from
land disposél. The restriction decisiocn is not based on an
absoluté prohibition of land disposal of hazardous waste but
éakes into account'the felationship between concentrations of
'Appendix VIII conétitueﬁtslin waste leachate and the risk
éhey may present to a potentially exposed population. fhe
égency has developed a decisién me;hanism for land disposal
gestrictions that accounts for the toxicity of a waste, and
éhe fate and transport of waste leachate as it may affect

human or environmental exposure. A general description of




this mechanism will be outlined below such that the petitibner
may understand the basis of the rgstriction decision and also
become aware of the possible aven#es available for pursuing
a petition demonstration. | o
The pérfé;mance standard of no migrétion for‘as long as
the wastes remain hazardous is opérétioﬁalized by allowing
migration of waste constituents aﬁ or below concentfation
levels in all media (surface water, ground water, and air)
that are protective of human health and the environment.

The establishment of ?oncentratioq levels in each media that
are protective of human health‘ané the environment is based
on toxicological data, in conjunctionrﬁith established Agehcy
protocol for analyzing tﬁxicologi¢al‘data. The reader may
refer to Appendix III for a generél description of Agency
protocol used to evaluate toxicolgical data. A éoncentration
level that is found by the Agenéy to be protective of humah
health is referred to as the Reference dose (RfD) for
noncarcinogens (threshold toxicants) and as the risk-specific
dose (RSD) for carcinogens {(non-threshold toxicants). The
RFD correspondé to a doge that is reasonably protective of
human health when exposure is chronic. The RSD corresponds
to a dose that presents a specific probabiity of cancer over
and above the nofmal backgréund §robability of cancer for an
individual over a lifetime, within a range of 10~% to 10-7,

The RfD and RSD underpin the restriction decision process.
They are used to calculate Screening Levels‘(SL) that deterﬁine

whether a waste having a specific leachate concentration
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is restricted from land disppsal or not. The Agency does
not use the concentration of the constituents in the waste
itself to compare with the SLs. Instead the Agehcy uses the

concentration of the constituents in the waste leachate to

compare with the SL(s). The reader should refer to "Test
Methods for the Evaluation of SQIid'Waste, Physical/Chemical
Methoas', SW-846 for a discussion of waste leachates and‘thé .
extraction and measuring téchniques used to determine concen-
tration levels of Appendix VIII constituents. A waste is

restricted from land disposal whenever its leachate contains

any one or more Appendix VIII constituents in concentrations

that exceed that caiculated SL for that respective constituent.
The SL(s) are determined by "backcalculating®" from |
concentrations that are protective of hﬁman health;.at the point
of expoéure to a point or zone that is located immediately beneath
or adjacent to the disposal unit. Baékcalculating involves |
reversing the normal direction of fate and transport ﬁodeis that '
usually start with the source concentration and calculate the

fate and transport of a substance to determine its concentration

‘at a point of exposure. Thus the end result of backcalculation

'is a maximum waste or leachate concentration for each Appendix ’

VIII‘coﬁstituent. The backcalculation is performed for each
Appendix VIII constituent for each media. Thus for a given
Appendix VIII constituent, there will be two SL(s), one for air
and one for water. Whichever SL for a given constituent is‘r

lowest will be used as the maximum allowable concentration in

the waste (for air) or in the leachate (for water) for land




disposal. Owner/operators and/or generators whose waste
leachate has concentrations of Appendix VIII constituents at
or below the lowest SL need only certify that this is so.
Details for certification will oe discussed below. Those
owner/cperators who exceed any SL for any constituents in
their waste leachate must either comply with applicable treat-
ment standards, petition for a variance, or stop land disposal
of the waste altogether. | | .
The fate and transport models that are used to backcal-
culate SL(s) from RED($) andvRSD(si are generic by design.
The models incorporate a universal{facility type that is
représentative of the various types of facilities defined as
land disposal units. In addition che model. incorporates a Monte
Carlo approach for'simuiating the range of anticipatea disposal
scenarios. This approach accommodates variation in environmental
settings, the uncertainties in specific chemical properties,
and the range of engineered system‘releases from land disposal
units. Rather than specifying a single value for each input
parameter to the model to represenr a reasonable worst case,
.the Monte Carlo simulation method involves a large number of
computer runs with values for each input'parameter drann from
data sets representative of the range and distribution of |
possible values for each parameter, Moreover, where parameters
are dependent (correlated), the relationships are accounted
for in the simulation. The SL's thus derived are intended to
be protective of human health and the evnironment at all
disposal unit sites. !

The Agency is aware that the éeneric model approach will

not always account for the multitude of variations that may
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exist among actual existing. cr future land disposal units and

the environmental settings they may be operating in. "The generic
screening ‘levels computed by the model are based on the level
corresponding to the 90th percentile of the range of hydrogeologlc

scenarics arranged from favorable to least favorable cases. Thus,

‘the generic value may be more conservative than necessary for sites

that fall below the 9%0th percentzle. Thus, the petition process

allows the petitioner to demonstrate that the subject facility

' will safely contain the waste of interest despite the results

of the,generic model., The petitioner may challenge the results

of the generic model on the basis of unique site-specific.

' factors and values not accounted for in the model.

The petitioner may not, however, challenge through the
petition procees either the RfD or the estimates of carcinogenic
potency used by the Agency to calculate the RSD. (See Appendix
III). Any challange to the established RfD(s) or carcinegenic
potency estimates must be presented to the appropriate qffice
of the Agency for review. The Agency nill assess the merits
oflany challenges to either an RED or carcinogenic petency;

estimates and any resulting revisions will apply across the

‘board to all Agency applications of the RfD and the RSD.

Essentially there are two approaches whereby a petitioner
may successfully obtain petition approval. They are:
(1) The leachate concentration of any Appendix VIII

constituent will never exceed the lowest back

calculated SL, based on an analysis of site




specific data, and thus any migration that
does occur will not endanger human health. -

'(2) The leachate concentrati&n of any one or more Appendix
VIII constituent will exceed the lowest applicable
SLs, yet because of uniqﬁe site specific factors, -
will not endanger human}Heaith. '

The first approach would be based on unique natural physical
or biologic'phenomena not'completely accounted for in the
generic Screening Level models. 1In addition to natural phenomena,
engineered systems may:be considered for their efficacy in
controlling constituent migration to the extent that they are
effective over the time the waste remains hazardous. 1In
summary, the petitioner must demonstrate that as a result of
naturai'chemical and physical proéesses at the site, hazardous
constituents aré-immobilized, dilqted, or.degraded by the
time they reach points of potential exposure such‘that human
health is protected.

The second approach may also be supported by evidénde
mentioned in the first approach as it may modify exposure to
‘- existing or potential popuiationsjin proximity of the site.

In addition, the petitioner may pfesent information concerning
the nature and size of the potentially exposed population,

and toxicological data reievant to potential exposure scenarios
to demonstrate that human heaith is protected. Under this
approach, the petitioner would be responsible forvdemonstrating
that an exposure scenario whereby the leachate constituent
concentrations of the waste would result in concentrations at

the potential point or points of exposure exceeding the




-established RfD or RSD would still . be protective of human health.
This approach requires that a‘site-specific risk ménagement
decision.be made regarding the degree to which the RfD or RSD
could be'égcegded for a particular site and Qaste stream,
For the RSD, the Agency is willing to consider departures from
thé'IO‘s level of individual risk to,a‘maximum of i0'4 based
on considerations of the size and nature of the existing dr
. future exposed population. For the RfD, the Agency will consider
situations in which site specific exceedances may be reasonable
~given the size and na&ure of the existing or potential population,
the séverity of the disease outcome, and the reversibility of
any toxic effects.

The guidance manual describes a number of avenues open
to ghé'petitioner for demonstrating to the Agency that a
particular waste should be approved for site specific land
disposal. Recognizing that such a demonstration can be
exiremely cOmplex;'depending upon ﬁhe characteristics of the
wasté and the disposal uﬁit‘site, the Agency has developed a
flexible process that identifies thosevsituatiqns“that require
a relatively simple demonstration relying on data readily
available to the petitioner; and also ideﬁtifies tﬁosé more
complex siiuatioqs that réquire a more detailed analysis ana
potentialiy extensive site—specific:data coilection to obtain

petition approvdl, The petitioner will be able to readily

determine whether he or she qualifies for a simple analysis or




must perform a more detailed site adalysis. Using this guidance

manual, the petitioner will also be able to determiné the «
likelihood for approval of a petitidn, or whether the combined
waste and site characteristics indiéate that approval is
highly unliﬁely. The petitioner shquld be able to quiékly
determine the amount of effort required to obtain petition
approval, and decide whether anotheé waste management
alternative.is preferable.

This guidance manual will describe criteria that the
Agency will use to evaluate petitiods and determine whether
an approval is justified. The decision will be based on the
Agency's evaluation of the performance of the disposal unit
combined with its locaticn in meetihg thé standard of
performance stated in Section 3004 (d), (e), and (g) of RCRA.
The criteria have been developed to@dé the following:

1. Approve or reject a petition based on data and analyses
already available to the Agency,

2. Determine eligibiity for a petition based on minimum
data requirements;

3. Determine eligibility for a simplified site analysis;

4, Approve or reject a petition based on the results of
a simplified site analysis: .

5. Approve or reject a petition based on the results of
a detailed site analysis.

The evaluation criteria will cqnsist of screening factors,
minimum requirements for data quality and quantity, use of
simulation models, and the use of health and environmental~-

based screening levels. These criteria will be applied in a

tiered fashion, in which a petitioner can initially determine the
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depth of analysis required. If the petitioner is rejected in
the first tier (screening step), or in the second tier .

(simplified site analysis), he still has the option of

‘proceeding to a third tier analysis (detailéd site or health

effects analysis). At each step in the process, the‘petitioner
can re-évaluage thé Qecisibn to pursue the petition. H
The following sections of this guidance manual describé’ 
the components df each of the three tiers, andlthe decision
‘c:iteria to be used in evaluating petitions. Section II
discusses the waste te§ting and analysis requirements.
SectionﬂiII Qutlines the‘screening factors that constitute
the lst Tier‘analysis. Section IV describesvthe~a§proach to
be used in the 2nd Tier, the simplified site analysis. Section
v describeslthe ocbjectives of the Exposure and Population
Anaiyéis, which is opticnal to a petitioner performing a 2nd
Tiér analysis, and may be required as an optional component of
all 3rd Tier analyses. Section VI briefly déscribes the
components and scope of a 3rd Tier, detailed sité analeisf
Additionally, a series of appendices are.included to prévide

perspective on the Agency's risk assessment and risk management

policies.

II. Waste Analysis
The petitioner must perform a waste analysis to determine
the presence and concentration of all Appendix VIII constituents,

Wastes containing any of these constituents are restricted from

land disposal in concentrations in excess of the applicable
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Screening/Treatment Levels. ' The pétitionet must identify all
of the Appendix VIII constituents éresent in the restricted
wastes that exceed these levels. |

The petitloner should perform the waste analysis by usxng
sampling and analyical methods described in "Test Methods for
the Evaluation of Solid Waste, - Phyﬂlcal/Chemical Methods"®, Sw5846,
insuring that representative samples‘are taken.

The petitioner may use.other equivalent test methods that have

been approved by the Agency. The qse‘of the Toxicity Characteristic
Leaching Procedure (TCLP) is required as a standard method

for ch?racterizing was;e leachate. Exhibiﬁ II-1 displays the
process for applying the TCLP. The petitioner may also provide
additioﬁal data on the physical and chemical characteristics‘of

the waste, if such data is relevant to the type of demonstration
being performed. :

Exhibit II-2 lists some of'thé data that the petitioner
may be required to provide, if he is pefforming a 3rd Tier
analysis. Exhibit II-2 also indicates the specific types of
data that should be necessary . for a 2nd Tier analysis. Exhibit'

II-3 is a suggested format for reporting the results of
the waste leachate analysis and the identification of chemical
constituents and their concentrations. The petitioner should
assure that the ihférmation includéd on this exhibit
describes the subject Qaste leacﬁate accurateiy and completely.
If the petition is appfoved, it wiil bé approved for é‘waste

that exhibits precisely the characteristics described on
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EXHIBIT II-2. WASTE INFORMATION REQUIREMENTS

(to be providéd for each‘pétitioned waste)

-

'

)

-~

w

Nt

[y

w

Waste Name:

List all applicable EPA Hazardous Waste Codes (incldding ?} K, U, and P
code designations as outlined in 40 CER.Bl, 32,.and 33):

List originating industry and providejB digit SIC code:
List all manufacturing process(es) that produée the waste:
List constituents of the waste (use commonly accepted compound names):

Complete the following sections pertaining to hazardous properties
for each waste and its constituent members: ' ~ :

"o 7Ts the waste considered ignitable using criteria outline in

261,212 (Y/N)

° 1Is the waste considered corrosive using criteria outlined in
261.222 (Y/N) * ‘

¢ Is the waste considered reactive. using criteria outline in
261.232 (¥/N) | '

° 7Is the waste considered to exhibi£ the characteristics of EP
toxicity as outlined in 261.24? (Y/N)

List the quantity. of banned waste as a percentage of the total waste
present in the disposal facility (weight basis):

List the respective length of time of disposal of each waste including

- banned and non-b;nned in the facility (attach sheet separately):

List the frequency of each waéte (weight/unit time) received in the
facility on a daily, monthly, and yegrly basis: -

Estimate the maximum quantity of wasfe to be received by the facility
(if there is no basis for estimation, list the design capacity of

the facility).

List and discuss all pretreatment prdcesses and their respective end
effects on the waste:

List and discuss all processes for héndling and storage of the waste
and the important design specifications for each unit operation:

If applicable, ‘list the complete timé of processing of the waste:
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EXHIBIT II-2 (Continued) REQUIRMENTS FOR PHYSICAL/CHEMICAL/
BIOLOGICAL CHARACTERISTICS OF THE WASTE AND EACH OF ITS
: CHEMICAL CONSTITUENTS o

;, (information to be provided seperately for each waste and
for each component of wastes that are mixtures) '

2

Molecular Structure (attach diagram separately):
yolécular weights
Density:

Phase (at STP):
Viscosity:
Boiling Point:
Freezing Point:
Solubility in polar golvent (Qater):
Solubility non-polar solvent:

Plot solubilities (both solvent types) as a function of pH (range
(attach graph separately):

‘Dissociation constant:
Octanol/water partition coefficient:
Henry's Law constant:

Critical volume, temperature, anmd pressure:

- ¥Yapor pressure:

biffusivity (kinematic visco#ity):
Thermal conductivity:
Biodegradation rate:.

Oxidation rate:

Photolysis rate:

3ioacculation (bioconcentration) potential:
PEL (Permissible Exposure Limit):

IDLH (Immediately Dangerous to Life and Health):

THV (Threshold Limit Value):

2-12)




Exhibit II-3 Generator Name
Waste Description

Appendix VIII Constituents Concentration (mg/liter) Standard . Number of
Average Maximum Minimum 'Devigtion Analyses

I
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this exhibit. 1If the waste that is belng generated and “
managed in a land disposal unit as a result of petltzon .
approval does not exhibit the characterlstics descrlbed on |
this exhibit, the petition approval will be revoked. The

waste will no longer be eligible for land disposal, until a
revised petition is submitted and'approved. Continued land
disﬁosal of a waste that no longer qualifies for petition |
approval is considered to be grounds for enforcement‘actidh‘

by the Agency.

Once the petitioner has completed the waste analysis and has

determined the presence of various Appendix VIII constituents

and their concentratibps, he or she should determine which of
these constituents exceed the Screehing/rreatment Levels. (See
Appendix II). These levels are published in various Federal
Register notices,Acorrespondidg to the pfoposedrschedule for
restricting wastes from land disposal published in.the

Federal Register on May 31, 1985. The petitioh must

address all Appendix VIII constituents that exceed these
ievels. In some'cases, there may be present in the waste an
pppendix VIII constituent for which no Screening/Treatment Level
exists, due to the timing of the develophent of these levels.
When this case arzses, the petltloner may choose to include
these additional constltuents in the demonstration, if he has
reason to believe that eventually the screening level that

will be established'wodld be less than the concentration in

the subject waste leachateo If the additional constituents are

included and the petition was approved, the waste could be land
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disposed, and no future petition wodld be neeessary. thev
petitioner may also choose to exclude these additional constituents,
if he estimates that the screening level ebentually established
would not be exceeded by the level in the subject waste. If
the petition was approved, there is the possibility that the
waste may be banned at some future time, due to the establishment
of different screening levels. : ‘

As an alternative to performing a full Apeendix ?III analysis
of the subject waste, the petitioner may submit information to
the Agency that certaip %ppendix VIIi constituents are not presene'
in the waste, due to their absence ffom the ras ﬁaterials used
in the process that produces the wasie, and due to the manufacturlng
process 1tse1f. The Agency reserves the right to require additional
analyses for specific chemicals that may be suspécted to be present,
based on information already available to the Agency or similar.
manufacturing processes and similar raw materials. If, upon
subsequent testing of the waste, it is determined that additional
constituents are present that were certified as not being present,
the approved petition will be revoked until such time as a rev;sed
petition demonstration, that includes the additional constituents,
is completed and approved. Continued land disposal of a waste
with constituent concentratlons that exceed appllcable sSL! s con-
stitutes a violation of the operatlng permit and may result in
enforcement action. |

For those wastes that contaie a substantial number of
Appendix VIII constiﬁuents, the petifioner may choose to group

similar chemicals according to properﬁies:related to the rate of
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mobility and persistence in'the environment. If such a
grouping can be made, the petitioner may include in.tha
analysis only one chemical from any group ihat :epresents,:in
a-reasbnab;e fashion, the mobili;y and persistence of all of the
group members. In‘selecting an indicator‘chemical_constituent,
the petitioner should consider the relative amounts in the
waste of the various group members. A chemical that is
similar to the other group members, bat not present in a
concentrationvas high as other chemicals may not be a suitable
indicator for that groap. Additionally, the petitioner should
consider the unique characterlstlcs of the various environmental
media (air, ground water, surface water, and soil) at the
disposal'unit site, in selecting a specific chemical as an
indicatbrifor a group of like chemicals.

To use an indicator chemical approach based on chemical
and physxcal propertles that relate to the wastes’' moblllty
and persistence, the petitioner must present reasonable‘_
evidenae to demonstrate that the groﬁping is justified. 1In
many cases, éhemicals that'beiong to a generic group (i.e.,

" solvents, pglycyclic aromaﬁics, metals, etc.) may have similar
chemical structure and may be expected to be transported in
air, soi;, surface watér; or ground water at nearly the same
velocities. The peﬁitioner will be reguired to present.

" reasonable evidence that minor variations in chemical structure

do not represent major variations in'mobility and persistenée.




18

The petitioner should also consider‘possible synerg%stic
effects when using an indicator chemical to simulate the
mobility and persistence of a group}of‘chemicals. .The Agency |
will review for reasonableness the petiticner's grouping and
selection of an indicator chemical.% The Agency will refer
to the qualitative structure adtivi;y felationshipfbetween
the group members, wvarious estimatofs bf mobility and persistence
(e.g., Henrys' law constant, octanol water partition coefficienﬁ,
etc.), and any other field monitoridg or research data that
may establish a basié %or grouping of chemical constituents.
The petitioner must be cautioned thét the use of indicator
chemicals for performing the expos;te analysis does not allow
Ehe same type of grouping for performing the health effects
analysis described in Section Vv, shopld such an analysis be
performed. The health effects analyéis must include the
.effects on the exposed individuals o? each chemical constituent
subject to the petition, not merély the ihdicator of mobility
and persistence which is used to estimate potential exposure
levels. o |

The petitioner should include in the petition a concise
summary of the waste analysis and any grouping or selection
of indicators. This summary should identify specifié éhemicals
and their expected ranggs of concentrations that will form the

basis for the 2nd Tier analysis. For the 3rd Tier analysis




additional data may be required, depending upon the nature of

the‘demonstration to be perfbtmed. At'a minimum, séme
estimation of the annual volume of the subject waste should

be made. This estimation may be based on historical production
rates projécted into the future, or on the design‘capacity of
the disposal unit. l

"III. 1st Tler Analysis - Screenlng Factors

Thls sectlon describes a series of screening factors:
that the petitioner must consider'prior to preparing a petition
demonstration under ejther the 2nd Tier or 3rd Tier analyses.
These screening factors are designed to indicate to the
peﬁitioﬁer the likelihood of obtaining petition approva}
and the ﬁype and level of analyses reqﬁired. Also; thé
screening factors identify certain deCision‘points for the .
petitiodet in the‘demonsgration; and identify decision crigeria
‘that ;he Agency will uée in evaluating petitions.

There are several purpoées to be served by the use of
screening factors in the petition process. The Agency believes
that the statutory performance standard requires a positive
demonstration of safety before‘pétition apéroval is justified.
"Therefore, the petition précess must be capable of identifying“
any site-specific ﬁeatures that would clearly be unfavorable
to_petition approval. This early identificétion of unfavorable‘
features provides warning to the petitioner that ultimate

approval may not be likely, and that the petitlon may be 1nellglble

for a 2nd Tier analysis. The screening factors also will provide
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basic ore—requisites'to a 2nd fier or 3rd Tier analysis,‘in
describing minimum data and administrative,requirements.
Additionally, the screening factors»provide an objective and
systematic method for reviewing petitions received from generators
and disposal units across the country.

The screening factors that the: Agency will use may be briefly
described as follows:

A Approval Criteria

These criteria will allow the Agency to grant‘approval
to a petition immediately, with no fnrther data or
analyses required by the petitioneti The petitioner will
certify to the Agency that the approval criteria are met, based
on unique waste or site conditions or based on the results of
previous studies. The petitioner will.be given written notice
of the approval following Agency re#iew of‘approptiate information
already available to the Agency to oortoborate the certification
of the petitioner. ‘ |

Be. Rejection Criteria ‘ 3},

These criteria will-identify situations that render a pro-
.spective petitioner ineligible for a petition demonstration.
If the petitioner cannot meet these orite;ia, the Agency will

not commence review of the petition.

C. [Eligibility for a 2nd Tier Simplified Analysis

) These criteria will ioentify those petitions that are
eligible for a simplified site analysis, as described in Section
IV. Since a 2nd Tier analysis generally involves use of site-

gpecific data of reasonable quality that are already available
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" to the petiticher or easily obtainable, and an analysis that

21

involves the Screening/Treatment Level models,'theéé‘criteria
will identify those sites that contain features that cannot be
analyzed with these models. Such sites may involve the use of
édditional‘conservative assumﬁtigns as a means of justifyingvv
the 2nd Tier analysié, or may require that a 3rd Tier analysis
be performed.

The scréening factors and the criteria associated with

each are contained in Appendix I of this document.

IV. 2nd Tier Analysis - sihplified Site Analysis
A. Objectives ..

This éection describes the requiremepts for completing
a simplified site ahalysis@, The objectives of a simplified
siﬁelanalysisvare to determine on a site-specific pasis, a
level or concentration in a waste that will not threaten human
health and the environment when that waste is placed in a land
disposal ﬁnit,'énd to make this determination.in‘a comprehensive
way without requiripglextensive daga collec;ioﬁ and compléx
analyses. The gimplified site analysis must rely on site—specific
input data already available to the petitioqer or to the Agency,
or on data that should be readily attainable by‘the‘petitioner)
froﬁeindependent éourcés. .Where adequate data is unattainable

without an extensive or time-consuming site analysis, the use of

estimates and assumptions is acceptable, as long as the estimates
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and assumptions are reaSonably conservative. The eimplified
site analysis must rely on an,anaiytioal tool that'is'appropriate
for simulating the site's environﬁental conditions. The use of
the unmodified versions of the Scteening/Treatment Level models
should constitute the most simplified analysis that would be
acceptable for a petition demonstration.
B. Screening/Treatment Level Models

The models that the Agency has developed for determining
the Screening/Treatment Levels may be used for a simplified site
analysis. The models:have been oonstructed so as to siﬁulate a
| generic disposal unit, and have built-in assumptions that
specify the generic site conditions relative to the hydrogeology,
topography, and climate. The petitioner may use either of‘the
models (air, ground water, and surface water) if he or she so
chooses. The models require certain specific input values for
hydrogeologic, topographic, and climatic factors. The models
calculate an acceptable leachate ooncentiation for each
constituent based on the appropriate human health criteria at
the point of human exposure. Using site-specific detaq the
. petitioner may run the models and gstablish Site-specific
screening levels for eacH Appendix:VIII constituent thet is of
concern to the petition demonstration. Using the same back
calculation approach that established the nationallyvapplicable

Screening/Treatment Levels, the-petitioher may determine that
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approval is justified by comparing the actual waste constituent

concentrations to the site-specific levels.

As an alternative, the petitioner may use other simplified

models to simulate the bghavior of the subject ﬁ;ste, usihg

_actual waste constituent concentrations, and predict the likely

levels of each contaminant in the air, ground water, éurface_
water, and soil at'any‘points of potential eiposure.. The.use
of any othér models requires adequate validation for the in:ended
application. This predicted exposure 1evei would be cpmpared
to the appropriate REfD's and RSDfs to determine whethe: petitibn
approval was justified. | u
‘C. Data Regquirements
Regardless of the type of modeling approach empioyed‘by 
the petiﬁioner, the &ata‘requirementS'for a 2nd Tier analysis
should be similar. The simplified analysig should make maximum
use of site;specific data that is reasonably accurate, andrthat

is already available to or easily attainable by the petitioner.

Much of the data that is required for a RCRA Part B permit,

especially the data required for establishing a Subpart F ground-

water monitoring program, is directly relevant to a petition

demonstration. In some cases, the models chosen may require some

additional data, or may require that the data be -re=formatted.

The Agency will accept reasonably accurate data or estimates to-

satisfy these additional requirements.
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In reviewing the inpﬁt data supplied by the petitioner for
the 2nd Tier analysis, the Agency will apply a 'reasonaoleness"
test. Uslng published sources of hydrogeologic, topographlc;
and climatic data, in addition to an? actual site data collected
by the Agency or State, the petltzon reviewer will determlne if the
petitioner's data is reasonably accurate. If any doubt exists
as to the reasonable accuracy of the petitioner’s data, the
Agency will.perform an appropriate senSitivity analysis of the
model results. If, in the opinion of the petition reviewer;
the results of the sengitivity analysis indicate that substantlally
different results may be obtained by varying the input data, the
petitioner may be asked for documentation to support the'original
data, the Agency may require that a‘érd Tierhanalyéis be performed
that includes additional on-site sampling and anelyses and‘thorough
quality control, or the Agency may raject the petitlon due to
an unreasonable degree of uncertalnty in the analysxs.

The objective of a "reasonableness® test is to determine, on
a site-by-site basis, whether the petitione:'s data is within the
range of typical velues of measured paremeters for speoiflclu
geologic, hydrologic, and climatic regions. The Agency will
review the petitioner's data to asSure'that‘it is consistent
with ranges of values in various published reference sources,-
and that each factor is internally consistent with other'factors
where a dependency relationship'is expected to exist. Examples

of reference sources that the Agency may use are the following:




1. Parameters and Variables Appearing in Repository

Siting Models, NUREG/CR-3066; by J.W. Mercer,.S.D.
Thomas, B. Ross 1982, U.S. Nuclear Regulatory Commission.

2.. Mercer, J.W., P.S.C. Rao, S.D. Thomas, and BL Réss;
'Description of Parameters and Data (and Typical Ranges
of Values) Useful for Evaluation of Mlgration ‘at '
Hazardous Waste Management Facilities, letter report
to U.S. EPA under Contract No. 68-01-6464, 1982.

3. Lyman, W.J;, W.F. Reehl and D.H. Rosenblatt. "Handbook

- of Chemical Property Estimation Methods - Environmental

Behavior of Organic Compounds. McGraw-Hill, Inc. 1982.

.ﬁ. Point of Exposure

It is necessary for the petitioner to establish a poxnt or
points .of potential human exposure in each environmental media
where mxgration could occur. Fcr the purpose of a petltzon
~ demonstration, the.potential exposure points are at the boundaries
of the disposal unit, unless the petitioner can establish
effective long-term controls over an area beyond the boundaries
of ﬁhe dispcsal unit. Any legally enforceable resrrictiOns on
-the use of any on-site water reseurces within the property'
'boundary where the disposal unit is located wouid Justify a
point or points of exposure at the property boundary. An act
of the state leglslature that places permanent restrictions on

the use of any water resources within a carefully defined area

beyond the property boundary would allow the petitioner to
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establish a point or points of exposure at .the limits of this
expande& area of effective control. Wherever the point or
‘points of exposure are ultimately established, the petitioner
must use the actual linear distance;from the center of the
disposal unit to the closest point of potential exposure in
the simplified modeling analysis. |

In considering air migration, the point of potential ekposure
for direct inhalation during the cperating and closure periods
of the disposal unit would be at thé surface of the impoundment,
landfill cell, waste pile, or land treatment unit, unless access
to the disposal unit by any unauthofized persons is prevented
by an adequate security system, and all authorized persoanel
are aﬁequately protected from air emissions. ‘If security and on-
site safety precautioqs are adequate, the point ofvpotential
human exposure for direct inhalatiod may be established at the
limits of the area controlled by the security system. The;
actual linear distance from the center of the disposal unit to
the closest point of potential air erOSure should be used by
the petitioner in performing the siﬁplified gite analysis
.under the 2nd Tier approach. |

In performing a 2nd Tier analyéis involving the Screeﬁing/
Treatment Level.models, the distance to the point of potential
exposure is assumed to be 500 feet.; In applying'these models
to a site specific'petition demonstfation,,the éistaﬁce éssuﬁpé

tion cannot be increased without adequately validating all

other model assumptions. The balance of assumptions that is
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attalned in each of the Screenlng/Treatment Level models would
be distorted by varying any one’ assumption, so that model

:esults may not be consistent with other modelvapplicat;ons.

- The petitioner may wish to demonstrate that actual site condi-

tions deviate from some,oﬁ,the assumed conditions of the

'5creening/Treatment Level models. This is permissable as long

as all model assumptlons are adequately validated for the

site-spec:fic application.‘
If an existing source of drinking water, either a ground

water or surface watet source, is within 500 feet of the dis-

posal unit, the petitioner should modify the Screening/Treatment

‘Level model to include the actual distanceyrather than the

assumed distance of 500 feet. Such a modificatlon should not
require any validation, as long as the other assumptions of
thevmodel are not changed. |

E. Ahalysis and Decision Criteria

In performlng the 2nd Tier analysis, the petitioner should
consider the possibllity of human exposure to any of the subJect
waste constituents in the air, ground water, and surface water.
Using the Screening/Treatﬁent Level (S/TL) models, the peeitioner

can determine a site-specific screening levels in the air, in

the ground water, and in the surface water for each constltuent.

Comparlson of the 31te—spec1f1c levels to the actual concentratlon
in the waste leachate allows a determlnatlon of whether or not

there are any threats to human health associated with land

disposal of the waste. If an indicator chemical approach,was
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used for the fate and transport analysxs, the petitloner must‘
consider the potential human health effects associated w1th
each chemical, not just the indicator.‘ If no constituent :
concentration in the waste exceeds the applicable site-specific
level, the petition should be approved relative to potential
human health effects. : :

If the petitioner chooses not to use the screening level
models, other simplified models tﬁat simulate site conditions
can be used to determine the maximum concentration‘that may
occur at any points of;potential exﬁosure. ‘This maximum
concentration can be compared to the hunan health criteria
used in setting écreening/ Treatmenthevels.‘ If no constituent
concentration in the waste exceeds the appllcable sxte-speclflc
. level, the petition should be satisfactory.

If the actual waste constituenticoncentrations exceed the
site-specific levels or result in predicted exposure in '
excess of the RfD or risk-related dose for a carcinogen, the
petition should be rejected. If rejection is likely, the -
petitioner may choose one of three possible alternatives. dne
alternative is to accept the results that lead to rejection and
withdraw the petition. Another alternative is to perform a |
site-specific health effects analysis. The third‘alternative
is to perform a detailed site analysis, which also includes an
exposure and populatlon analysis. The nest section describes“
the objectives and elements of an exposure 'and population -

analysis.
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Ve Exposure and Population Analysis
The petitioner has the option of performing an exposure

and population analysis to support a petition demonstration.

'The exposure‘analysis may allow for a reconsideration of a

number of exposure-related assumptions that are incorporated

into the screening level models that may not berapplicable at

a specificesite. ‘An exposure and population analysis also
allows scme‘consideration of the degree of uncertainty involved
in the petition demonstration and allows for a more flekible
risk based management decision for petition approval. |

The petitioner ma; not directly challenge any .of the
established RfDs or the‘established estimate of carcinogenic
potency through,a‘petition demonstration. If the petitioner
has'toxicological data suggesting that an RfD or the estimate
of carcinogenic potency be revised, the supporting evidence
may be submitted for review and possible incorporation into
Agency-wide health criteria.

The Agency is considering tne'idea.of taking the severity of
healtn‘effects into account in the petition process. However,

the Agency presently is unaware of any practical measure that

would allow the severity of health effects to be readily used as

a factor in a risk management decision. The Agency might con51der

situations where the health effect is minor, completely reversible,

and the exposure cau51ng such a health effect is infrequent.

The Agency 1s also considering the idea of taking population

size into account in the petition process for non-threshold

" constituents. Exactly how the Agency will incorporate population

size to determine a level of risk that is reasonable for a given
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site and non-threshold constituent has not been fully deééioped.'

In general, the Agency will consider allowing highef lévéis of

individual risk in smaller populations than in larger ones, as

long as the incidence of adverse effects is the insignificant.

A. Exposure Assessmeﬁt

Before ahy assgessment of  human health risk can be

incorporated

into the petition demonstration, it is essential for the petitioner

to thoroughly establish:

1) The relevant toxicologic properties of the waste;

2) The amount of ?aste to be disposed;
3) The concentration of the waste coﬁstituents in
leachate; : |
4) The long term site specific fate and téansport
waste constituents. |
This information is requisite ﬁo establishing possible
pathways and the rate and magnitude of exposure. Only

exposure pathways have been established and the likely

the
of the
exposure

after the

degree of

exposure is determined can the final, steps of risk assessment be

undertaken or can risk management decisions be made.

.

, potentiél pathways of exposure over the.  time the waste

The petitioner will be responsible for idéntifying all

remains

hazardous. In addition the petitionér will be responsible for

estimating potential rates of eprsure for each pathway for

the length of time the waste remains hazardous. It is
to understand that exposure scenarios, (i.e., pathways

rates of exposure) are likely to change over time with

important
and

major

dif ferences occurting when the unit is operatingAcompared to

the post closure period or beyond. Thus, it is incumbent upon




the petitioner to anticipate all likely exposure scenarios that
may occur during the time the waste remains hazardous, to
insure that the demonstration is inciusive of all relevant
expost}res through time. A

The exposure assessment must be based, at a minimum, on the
following types of exposure pathways:

1. Drinking water expoéure from either a ground water or
S a surfaﬁe water source;
2. Ingestion of contaminated food (e.g., aquatic organisms
or agricultural products);
3. Dermal contac; (e.g. recreational use of surface waters,
or bathing); |

4. Inhalation of volatile organics, or particulates;

S. Any.combination of thevabové'pafhwaysx

For direct pathwaysvoffexposure the point of exposure will .
be assumed to be at the limits of the area of effective control
which may be the facility waste management bqundary unless use
restrictions discussed in Section IV have or will be implemented.
For indirect pathways bf.exposﬁre, the rate of exposure for each
intermediate point must be estimated. For example, ingestion
"of fish by humans will require estimations of constituent.
concentrations in the‘surface water, and account for possible
bioconcentration of the constituenf in the food chain such
that a realistic estimate of exposure can be determined for
humans consuming fhe fish. Taking into account bioconcen-

tration phenomena in the food chain is especially important
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as it may result in indirect exposutes severel ordegs_of
magnitude greater than direct exposore pethways. For indirect
exposure pathways that include foodetuffs as the final exposure
medium for humans, the petitioner should determ1ne the frequency
and magnitude of consumption of the foodstuff(s) in the
potentially exposed population. If the petitioner can show
that consumptlon of any contamznated foodstuff is infrequent
enough such that the magnitude of exposure is minimal, a detailed
analysis of the intermediate points for anlindiﬁect exposure may
be omitted. .

The screening level models include an assumption that
half of the RFD will be accounted for from background levels.
The petitioner who challenges the validity of this(assumptioﬁ
for his or her site and waste will be;required to determine
background levels of the constituents(s) at all potential
points of exposure. If a petitionet can demonstrate that
there is no existing background level of the subject consti-
tuent, he or she may use up to ldO percent of the RED to determine
a site specific screening level. Background exposure measurements
will be subject to strict quality assurance and quality control
procedures that must be approved by.the Agency in advance of
the petition submissiong"Backgrouno exposure measurements will'’
require that both ambient and occupational exposures are taken

into account.
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The 50% apportlonment assumptlon used in the screenlng

levél models does not apply to carcinogens. Thus the full RSD

'corfesponding'to a 106 individual lifetime risk is applieg

in the model calculations. 1In situatiéns where the petitioner
wishes to obtain a variance for land disposal of a waste with a
leéchatg concehtrétion in éx&ess of thevsCteening level éorresponding
to a 106 lifetime risk, the Agency may require that the petitioner
determine background levels of the constituent and take into
consideration the prevalance and concentration of other carcinogens
in the potentially eprSed population when exposure is ambient
and/or there is a significant occupational exposure in the |
population. | ) | .

In situations where a waste stream contains more than one

carcinogen,;an additive approcach to the risk assessment estimation

will be taken. The Agency is unaware of any practicai'methodology

for accurately taking into account synergistic or-antagonistic
combinations of constituents. The petitioner should refer to

the EPA publicatlon Proposed Guidelines for the Health Risk Assess-

ment of Chemical Mlxtures and Request for Comments;:: Notlce /Part

Agency.policy'regardiné estimating risk from chemical mixtures. ;
B. Population Characterization:
.The Agency will require a characterization of the ¢urredt
or future‘population likely to be exposed to constituents
leaking from a land disposal unit. The extent of poﬁulation

characterization will depend on the number of Appendix VIII

~constituents in a waste and their toxicological effects,

'leachate concentrations, exposure pathways and the relative
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contribution of each constituent tcfoverailrexposure.. at a
minimum, the following population characteristics sﬂouid be
detefmined for existing potentiallyiekposed ﬁoﬁulations: o ' ‘?fﬁ

1) Sex and age distributions i k .

2) Historical growth fates

3) Sensitive subgroups

4) Major occupationalgcategories of existing populations

ané type and extent of local industry.
Most of this information can be obtéined thFough the Bureau of
Census, U.S. Departmén; of Commerce; However, the petitioner
should seek consultation with public health professionals who
are experienced with ehvironmental health matters for developing
adequate population characterizatioﬂ data.

The presence of sensitive grouﬁs suén as (but not limited
to) pregnant women, children, or ch#onigally 111 individuals
within a potentially exposed populagion'will affect how rche
Agency will make a risk management éecision for a given site-
and waste-specific scenario. The pétitioner will be required

. to identify the size of the most sensitive subgroups within the
'potentially exposed population. Th#s subgroup should form the
basis for determining a site-speéif;c risk level and should be "
.considered.in situations where the éeneric RfD may be exceeded. | i
If the petitioner can show an absen¢e of sensitive subgrbups |
for as long as the waste remains hazardous, the'Agency may

allow a relaxation of the uncertainﬁy factor (concerning

population sensitiviﬁy only) for the RED of a threshold

constituent by allowing a commensurite exceedance of the RfD.
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The U.S. Department of Health and Human Services, National
* Center for ‘Health Statistics may be a good source of information

on sensitive individuals in the regiona All of this information

&

*should be presented in tabular form to facilitate easy reference.

- The presence or absence of sensitive subgroups over the
time a non-~threshold constituent remains hazardous will influence
the level of risk that will be acceptable. For example, a con=-
stituentithat:is a teratogen will influence the AgencY's risk
managementudecision depending on the prevalence of pregnant women
in the potentially exposed population,

Certain assumptions are usually made when estimating exposures
from chemical wastes. Although dose rates are the ideal measure
of exposure, the types'of data necessary (absorption and excretion
data) for calculating doses for individual constituehts,are'rela;
tively rare and are usually intake route specific. Tne next best
estimation of exposure'is to calculate rates of intake for each
constituent in each media. Standard assumptions used to calculate
intake rates are shown in Exhibit v-1.

Intake rates are a function of the estimated concentration

. of a‘constituent in akmediUm (air, water, food) at the point of
lexposure, the volume or mass of the:contaminated-medium taken
in by an individual, and the weight of the indivioual. ‘ﬁuman
exposure is‘expressed in terms'ofiintake, which'is tne
amount of a substance taken into the body per unit of body
weight per unit time. Intakes are calculated separately for

each exposure medium. In addition, intakes have to be summed

for each medium across all media specific exposure pathways.‘
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EXHIBIT V-l
STANDARD VALUES USED IN DAILY INI‘AKE CALCULATTIONS -

Parameter Standarc Value Reference .
: ‘ ‘

Average body weight, adult . 70 kg EPA, 1980
Average body weight, child | 10 kg | ICRP, 1975
Amount of water ingested ' ]‘ ‘

daily, adult - A - 2 liters : : NAS, 1977
2mount of water ingested f : SR

daily, child ' 1 liter Nas, 1977
2mount of air breathed . . '

daily, adult 20 m3 EPA, 1980
Amount of air breathed _ )

daily, child 5 m3 | FDA, 1970
2mount of f£ish consumed . o

daily, adult _ 65g . - EPA, 1980

. Example 1: how to apply the standard a.%émnptims. _
1f contaninant concentration is 3 mﬂiﬁet in drinking water:

3 mg/liter x 2 liters/day water consunption - 70 kg body ‘weicht e
= 0.086 mg/kg/day intake | 3 ‘ S

Example 2: how to apply adjusted assumptions. o
If site data indicated that the exposed population has a water consumption

rate of 1.2 llters/day and an average weight of 60 kg, and the contaminant
concentration is 3 mg/liter in dnnkmg waters:

3 mg/liter x 1 2 liters/day water cnnsumption - 60 kg ‘body welght _
= 0.06 my/kg/day intake | Ty
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The final result should 1ndicate the total oral and inhalation
~exposure to a constituent. permal exposures may also be impor-
tant dependinglon the waste and characteristics of the site.
The Agenc& will‘require that the petitioner either document -
.that dermal'exposore is inoonsedﬁential to'hqman health or
~ estimate the rate of exposure based on the site_and waste-
specific scenario.

The standard values used in daily intake calculations
shown in Exhibit V-1 are average values and may not be entirely
appropriate forva speoific site and potentialiy exposed popula-
tion. There ate many'characteristics about a population that .
may‘cause sharp deviations from these average values. This is
~ especially ttue when exposure occurs via ingestion of ﬁoodstuffs
and,liquids. Dietary preferenoes; methods of preparation, and
age of the individual are examples of factors that can strongly
1nfluence actual 1ntake rates. |

- The Agency will supply the petitioner with what it

considers to be reasonable assumptions, and/or actual data specific
to a constituent, such that exposure estimates can be made.
The petitioner may wish to develop data concerning human intake
‘routes instead of using assumptions. The acceptability of any
data of this type developed by a petitioner will require strict
adherance to alQA/Qé plan approved by thelAgency, The application
of this data for exposure estimates most be carried out by a

qualified toxicoloéist or similar health professionals.
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A major .emphasis of the petition demonstration rests on the
estimation of long term (chronic) e#posures to rélaﬁively low :
concentrations of constituents. This type of exposure estimation
leads to calculation of a chronic daily intake (CDI) to char-
acterizg the risk from non-catastrophic failure of a land dis-
posal unit. However, there may be #ite and waste‘speéific
scenarios where there is a significént probability of catastrophic
failuré. Iﬁ situations where catastrophic failure has a
significant probability, the Agenc} may requiré that a
petitioner estimate a BSubchronic daily intake (SDI) to assess
the risk in such a scenario. The mgjor difference in determihing
an SDI versus a CDI will be in the prediction of the fate and

-transport of a constituent under the specific catastrophic

conditions.

C. Risk Management Factors

The greater the degree of certainty in the quantification.
of potential exposure for a pbpulatibn the greater the level of
confidence there wili be in the entiﬁe risk aséessient process.

Greater certainty will allow a highe; level of confidence in

‘making risk management decisions. for a specific site and waste

scenario.
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Tﬂe Agency will place considerable-wéight on the sources
of uncertainty in‘the petition demonstration. The méjor sources
of uncertainty come from the: . |
| .. 1) fate and transport analysis

2; tokicological data

3) risk estimatiﬂg pfoceduresa

For non-threshold toxicants, risk'management decisions
- are an inheéent part of the process to establish a level that
is protective of human health. The petitioner should refer to
the November, 1984, EPA Proposed-GuidelinesAfor Carcinogehic
Risk Assessment (ER46294) to gain insight into Agency ptbtocol
for estimating hﬁman health risk due to nonthreshold toxicants.
The Agency believes that the establishment of a single across-
the-board risk level for carcinogens'is not appiopriate since
no-dose level is "safe” under all circumsiances and since
carcinogens differ in the weight of évidence supporting the
hazard asséssment. The cited guidelines explain how the Agency
will handle differences in the weight of evidence that a compound
. is carcinogenic. Where the weight ofvevidgnce suggests: that a
compound is a known.or probable human carcinogen, the protective
aose would be calculated for the Ib‘s level. The 10-6 level
is:viewed by the Agency as a point of departure for making
risk management decisions. Choice of 10~6 as the initial
risk level of concern is made on the basis of past Agency

decisions. 1In general the Agency has made decisions to allow
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concentrations of non=threshold toxicénts where the individual
risk values have been within the range of 10”4 to 107, The
range of allowable risk will be intégrated witﬁ the weight of
evidence approach and the nature and size of existihg or’fﬁture
potentizlly exposed populations. Ig other words thé'Agency
will tend to favor conservative risk levels where the weight
of positive evidence is strong, andrthere is a large potentially
exposed population, énd be less conéervative where_thevweight‘
of positive evidence is less and the potentially exposed pOpﬁlation
is small. The weight of evidehce aéproach, however, requires
that there is adequaﬁe‘data to eval@atefa compound for cafcihogenic
potential. A lack of data will cauée the Agency to take a
conservative approach to the risk management process, since the
Agency will not be able to assure t%ét the compound is non=-
carcinogenic, | ‘ ‘ |

FPor threshcld toxicants, out.oé necessity, risk managément
decisions have a narrower scope. The RfDs for thréshold | |
toxicants are,K determined primarily ﬁrom animal‘toxiéologicél
studies which are designed to make point estimates of health
. effect levels. A priori, the 1evelzof risk is set in the same
way regardless of the constituent. ;That is, the RfD is'setjét"
a level where.no.observable adverseieﬁfects occur. Because
the RED ig based on chronic lifétimé exposure to a sﬁecific
daily amount of a substance, it may not always provide a
reasonable guide to evaluating the fisks of possible exposure

scenarios. This will be especially true of episodic exposures
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at relatively high doses. If the petition demonstration can

establish such a scenario, it'must also be supported by‘

&

toxicological data that realistically reflects the exposure
‘conditions. | '

| Another scenario that may allow approval of a petition
woold be when the petitioner is able to demonstrate with great
certainty that the maximum rate of exposure will only slightly
exceed the RED. 1In thie case, a qualified‘toxicologist»might
judge the amount exceeded*to be negligible compared to the
'statistical error of the toxicological data.

VI. 3rd Tier Analyszs - Elements of a Detailed Site Ana1y51s

A. Objectives ‘ ’

For‘those petitioners that either’choose to‘performia
detailed site analysis, or are‘ineligible'for a 2nd Tier
Ahalysis, the following is a brief description of the
components‘that may be neceeeary, and an explanation.of the
guality and quantity of the appropriate‘data and analyses. Any
petitioner performing a 3rd Tier analysis enhances the chances‘
for-approval.by providingythe most aCcurate'and'precise information

' pOSSIDIe. ~Accuracy and prec1sion are evaluated by the degree

to which quallty control procedures are followed. " The preparation

of a thorough, comprehenszve quality control plan is, therefore,
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an integral pétt'of‘ény 3rd Tier énalysis. Quality control .
procedures apply to-any data collection and data analysis, '
;ncluding the use of computer’simﬁlatioﬁ mddels for analyzing
potential migration in the air, soil, surface water, and ground
water.

B. Petitioner Conference .

it is,recommandéd strongly that the petitioner requeét a
conference with the Agency petition reviewer prior tb embarking
on extensive petition preparation. The petitioner should be
prepared to discuss in qualitativé,terms the unique features of
the disposal unit that may justiff granting'a petition, and the
type and degree of analysis that ghe petitionér feels is
necessary to make an adequate demonstration. It will‘probably
not be necessary to include extenéiVe.analyses in all of the
cases discussed below to satisfy théstequirements of a 3rd Tier
analysis. If the petitioner has performed a 2nd Tier analysis,
it may be obvious that a certain thsical site feature‘(e.g.,
the unsaturated zone, the topography, etc.) requires the most
in~depth site analfsis. ‘The purpoéé of the conference will be
to agree upon the nature and exteqﬁ of £he analysis required,
and to discuss, in general, the crﬁteria that the Agéncy will

use to evaluate the data, analyses, and quality control brOCedures

of the petitioner.
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The foilowing éxample illustrates the iype cf_situation in
which a petitioner conference would be useful andvfhe;type‘of
discussion that would be appropriate. The petitioner iskinéligible
for a 2nd Tier Analfsis since the disposal unit is located in . »
close pro#imity to an active fault (Screening Factor II-1).
The petitioner béliéveé thaf any seismic activity that is
likeiy to occur would have littié or no affect on thevintegrity
of the diséosal unit during its operating period or‘following :
closure.

would be_fequired: .

1.

3,
4.

" The potential for seismically induced ground failure;
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To demonstrate this, the following considerations

The magnitude of likely ground motion at the disposal
unit site; _
The magnitude and type of likely surface displacement .

within 1 km of the site;

The potential for damage due to tsunamis in areas of

the country known to be vulnerable.

Ground motion at a site is partly a function of the dis-

tance from the epicenter of a fault, the thickness and areal -

extent of surficial deposits, the lithology and degree of

consolidation of these deposits, and the nature of the disposal

unit. itself. A geotechnical investigation and analysis'qf the

site may be undertaken to show that the disposal unit will

withstand the maximum likely ground motion for the site, or a

simplified analysis may be undertaken based on the assumption
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cf‘complete failure of the disposal‘unit. vThe first approaqh
would have to show that catastrophic failure wouldinoﬁ‘occurr
while the second approach would-ha§g to show that in the event
of catastrophic faiihre, the natural site features would stilll
contain the hazardous constituents such that human health and
the environment are protected. . |

The Agency will deny any péti&ion where the disposal unit 
is sited within a faulﬁ zone where:surf;ce displacement has
occurred in theApast 10,000 years %Holocene); In a seismically

active zone the peti;ioner will be required to establish that

evidence of Holocene surfaée’displacement is not any 1less than
‘1 km from the site boundaries. ﬁvidencé of Holocene displacement.
must be established by using availﬁble data from the U.S. or
State Geological Surveys, published maps and reports. xhe
petitioner will also be advised to obtain the services of a
qualified registered geologist to-ﬁerform a geologic recoa-
naissance of the area within 1 km éf the site. The geoloéist
report must also. include a,discussion—on‘hcw any changes in
the natural drainage due to displaceﬁent might affect a site,
if there is evidence of Hélocene surface displacement.

In seismically. active 2zones the petitiéne: may Se required"
to assess the ppténtial impact of éeismically induced ground -
failure. A geotechnical investiga@ion and analysis should be -

designed to estimate the likelihood of ground failures caused

by liquefaction which might result in lateral spread of large

blocks of soil, flow failures, or loss of‘bearing strength.
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I1f a site is located on or adjacent to moderate to steep slopes,
the potential for landslideS’mustvbe assesseda' The investigation

must show that either ground failure will not. occur, or, assuming

.’worst case conditions, that a catastrophic failure will not en-

danger human health or the environment.
The historical record ‘for tsunamis: will“prov1de the petitioner

whose site is located: in a coastal setting an indication of the

,vulnerability of the site. The petitioner must: show that the

site is out of reach:oﬁga‘tsunami because: of topagraphic barriers
or height, or‘that,rhe»disposal.unit<is:designed‘tocwithstand

the impact_oflaatsunamil A.petitioner,whose'sire'is located

in a seismically activeeareafand,is,adjapent to,a;lakecwill have
to make,a_demonstration'similar:to,that‘£or'a:tsunami. The |
petitioner and: the petition rev1ewer will agree upon the extent.
of the investigation that is reasonable for the actual con-

ditions of the subject disposal unit.

C. Components

Following are brief descriptions of the possible components
of a 3rd Tier analysis. Various appendices: provide more detail
on therdataﬁand'analyseSy:and;grovidewreferencesfto’source
material and. Agency guidance documentss,. The: contents of the
petitinn~should‘include:but not necessarily be limited to the

following topics which arefmore,fullyfdiSCussed.inieeparate

' sections in rhisrmanuals
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Synopsis (including checklist). The synopsis is the
first section in the petitioﬂ and should be in thé'
form of. an executive summary . It should include -
facility identification,1&;scussipns of the céntents'of
the petition and the conélusions drawn from the
analyses; It should also inélude a directory (in the
form of checklists) to gu@de the petition reviewer in
locating specific elementé. The synopsis shouid include
a discussion of any-deviakions from the recommended
format. (Se? discussion below.)  |

Pacility Description. In this section the facility

‘should be characterized by physical description,

natural setting, design, construction, and operation.

Also, there should be site plans, closure and post-closure

_care plans and QA/QC for design, construction and operation

of the facility included, where appropriate

Waste Characterization. This section should include

the completed forms shown%in Section IIiand appropriate
discussion of the waste(s) and its hazar&ous constitueﬁts.
Waste Interactions and Effects. This section should
discuss the changes in waste characteristics, both
physical and chemical, that may occur as a result of
waste interactions within the unit. Four major categories
of interaction are described in this manual which gives

specific guidance invwritingvthié section.
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Waste Mobility in the Unsaturated. Zone. Using

information on site: characteristics,. waste?characteristics

'and waste interactions, this: part of the petition should

discussathe:probable»movement“of“;hevwastefconstituents

through the;soflxzone;‘intermediate=unsatunaxed zone,
and the“capiilary:fringe. It should>include:a-comgléte
d%scussionwofithe model(s) used and describe: the. QA/QC -
procedures used..

Waste Mobility in' the Saturated Zone:. Thisrsection
shoﬁldidescribeéthe:probabie:moveménttoffthe?hazardogs

constituents of the wastes within the saturated zone.

, Ifgthéﬂwastezremains haza:dOus:during“itszéassage1~

through the: unsaturated- zone, this section should
demonstrate that the waste will notfmigfite'beyond'the
area of effective control in a hazardous form via the
saturated zone. It:shouldiinclude”a complete: discussion
of the model(s) usedfand'GQSCtibe;theZQA/QC'prccédures,
used. |

Waétefuobility-iq.SurfacefWatersw. This: section should
dembnstrate-that.haza:doquconstiiuentS*offthe;waste>wi11-
not~migratevbeyondzthe'aﬁeaﬁafteﬁféztive‘contzol,in

dissolved or suspended form in surface waters. It

-should include a: complete discussion of the modél(s?

used and: describe the QA/QC procedures: used.
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Waste Mobility in the Air. 'This section should
demonstrate that hazardous constituents of the waste
will not mlgrate beyond the area.of effective control |
through the air. It should lnclude a complete discu551on
of the models used and describe the QA/QC procedures
used.

Homan Health Risk Assesement. Using data presented in
the previous sections and other information as
appropriete, this section should present an agssessment

of potential:risks to human health arising from the

land disposal of the subject waste. This should

include risks to facility personnel as well as the

human population at large. 'Probable exposure pathways
for hazardous constituentslshouid be developed and

then the effects of exposure.estimated. Section V
provides more specific guidence on this topic.

Potential Damage to Wildlife and Végetation. Informetion
from previous sections ehould be used to evaluate probable
paéhways by which wildlife and plant populations could

be exposed to the hazardous‘constituents of the wasre

and also the effects of exposure on - the fauna and flora
should exposure occur. Both terrestr1al and aquatic/marine

communities should be included in the assessment.

PR O N ST T ¥
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1l. Documentation. Data, médeling results, procedures, and
associated QA/QC for facility design, conétruction and
. i operation should be documehtéd in one or more appendices
as needed. Referenée‘to the various appendices shodid
be made in the text of the petitibn, as appropriate.
D. HModel Validation
The petiticner is responsible for performing adequate
validation of the use of any models other than the unmodified
veisions of the Screeping/Treatment Level models. Validation‘
may involve compariSoﬁ of various analytical model results to
the results of the quels.yséd in the petitioh, or it may involve
history matghing of field data coliected o§ef a ceftain period
of time with detailed modeling of the same time period, assuming
the initial and boundary conditions existing at Ethfiéld site.
The petitioner should include sufficient,informatiOn"td '
demonstrate'the aécuracy of the model results for the'partiéular
application. The goals of this demonstration may be summarized
as follows:
‘a. The model reasbnaply fepresénts the actual physical
system; and
b. There are no computational errors in the‘computer
code.

To achieve these goals, the petitioner should address each

of the following areas:
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1. Identification. of objectives of the modeling study;

2. Description of the concepfual approach; ‘

3. Description of the solut1on methodology. employed to
predict contaminant migration° and

4. Description of the rationale for the selection of input

parameters. ‘
The petitiones should present adequate information addressing each
of the aﬁoée. consistent with the #ype and level of modeling = con-
templated. | T | |
If the petition gemonstration?involves the use of an analytical
groundwater flow model, for exampl?r the petitioner should verify
the model résulﬁs by comparison.tolother analytical flow models,
and by comparison to solqtions preﬁented in the original references.
A numerical groundwater f£low and transport model may involve more |
detailed verification, such as thejfolloﬁing stsps:
l. 'Identification of the capdbilities, assumptions, and
limitations of the numeridal‘code;
2. Justification of the grid;and time increments through
description of tpe geometéy and flow characteristics
of the site; :' : |
3. Justification of the compdtibility of each code, when
two or more codes are used to solve the flow and trans-
port problems. |

4. Demonstration of a high degree of predictive correlation

between the model results and actual measured data.




The Agency is aware cfiarvariety of models'that simulate the

fate and transport of hazardous constituents in thé;air,‘ih
surfacé'ﬁatcr, and in ground-water. Available models cover the’
range frcm very simple to very sophlsticated, from requiring a
few, simpile parameters ‘o requzrzng large volumes of speclfic
data, from very general results.with.large‘uncertainty to very
specific?rcéuits'with less uncertainty. The petitioner will te‘
responsible‘forAselecting the‘mOSt,apbropriatefmodelingzapproach
for the situation to be simulated. If the problem at hand calls
for an analytical ground-water flow model, the petltloner may
select such a model from tne,many that are available or develop.t
2 new model that is 'suitable to the sitdation.‘ If'a'mcre‘ccmﬁiék
problem is to be analyzed, a more sophisticated modél; capabie '
of managing large volumes of site-~-specific data, maY'be:more
appropriate. Where interactions or'inter-media traﬁéfets cccur,
such as at the soil=-air interface, or where=groqndtdater;dischargcs
to surface'water, a'combination'of’models‘may-be integrated; o
The Agency will accept any type of simulation model, or comblnatlons
of models, for the purpose of predicting the ultlmate face of
~hazardous constituents of the subject»waste,»as‘long~as the
ovefall’modelihg approach can be.technitally:supportad,as being
most approprlate to the waste and site conditions and most capable
of producing accurate and rel1ab1e results. '
The Agency-w;ll,use the.follcw1ngvgeneral=criteria in
deterﬁing’if a prdpcéed]modeling acproach is:aQP?Opriate and

will produce results with the desired quality. First, the model
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must be compatible with the qualiti and type of‘input‘data
available. Second, the model must have been demonstrated to be
applicable to the environmental conditions at the site of the
_subject disposal unit. Thzrd, the computer code must have been
subjected to an independent qualitj assorance audit, or have '
been subjected to a level of professional peer review equivalent
to that for publication in a scientific or technical journal.
Fourth, the approach must be internelly consistent in the use of
boundary and initial conditions, time stepsm assumptions, and
code modifications. Fifth, fully documented support for the
modeling approach selected by the petitioner must be -available
to the Agency. | ;

E. Format

The petitioner should present each of the items listed
above as a section of the petition.? Each section should be as
self-contained as possible. They shouid include all data,
figures, drawings, etc., needed to support the speclfic aspect
of the petition being addressed. If necessary, separate binders
for some sections may be advisable.n

The synopsis should contain complete,identification of the
facility for which a variance is berng requested. . This shouid
include all the information required on EPA Form 3510-1, the
general information portion of a RCRA Part A permlt appllcatlon,

A copy of Form 3510-1 may be included in the synopsxs.
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Conclusions that have been drawn from the petiﬁion infor-
‘mation should be included in the synopsis and they $hdﬁld:be |
briefly explained in relation to the performance standard. If
| conclusions are draﬁh based on rationale, data, or models that‘
are different from the guidance explained in this document, n
such deviations should be briefly explained in the synoésis.
Detailed discussions and‘explanations should be cqnﬁinéd to the
appropriate sections of the petition. ‘ |

The synopsis should be general in‘nature‘as compared‘to‘
the other sections of' the petitidn. The other sections addresé
‘'specific technical areas. Each area presented shoﬁld be |
presented in a self-contained section. Each should contain the.
informatién. data} maps, calculations, logs, etc. to fulfill A
the'petition requirements for a specific feature of the proposed
waste disposal fadility. The synopsis should refer to the self-
contained sections such that the petition'reviewer can éasiiy
relate the synopsis to the sections.

The self?contained sections wiil greatly aid the evaluation
and review of petitions,'as well as anj subseqﬁentAwriting and‘
'issuénce of variances. Re?iewers and variance writers will, in
turn, assess these ;ectiods and incorporate them into the
variance. Sections'acceptable té EPA as proposed by‘the peti=-

tioner, may be incorporated without change into the variance.
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If during review, additional ihfo;mation is requiréd,‘EPA-will
identify such information or regurn theiapprqpriate sections
to the petitioner for revisions rather than return the entire
petition. - The resulting variance mayAcontain the sections

prepared by the petitioner, either as originally written or as

it

modified by EPA or the State. _

Sections should be clearly idéntified with‘éither a ietter
or number and appropriate title. éections should have page
numbers, figure numbers, etc., thag relate to the seétion
identifier letter or ;umber. Sufficient petitioner and facil-
ity information should be provided on thelfirst page of each-
gection to unigquely identify tﬁe pétitionrof which it is a part.

The'use of color-coded pages should be giéeh consideration
for confidential business information (CBI). CBI should be
identkfied clearly as was done in the related RCRA Part B permit
application.

The use of figures, tables, anh other illustrative tech~
niques are encouraged where their.ugé-would aid the evaluation,
review, and variance writing. The hse of color graphics should
also be considered in this regard.

Petitions should contain tables of content for the overall
petition, as well as each section. :The.inclusion of such itemsl

as indices and cross references should be considered in the

development of the petition.
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All portions should be legible and reproducible. 'Appro-
priate margins and spacings will ease evaluation and review of

the petition. ‘Maps, plans, etc., should be provided at an '

'appropriate scalea Each page should contain a date of original

issuance or date of revision on the upper right corner.
E. Teohnical Assistance

In the preparation of a petition, most petitioners w111
likely require technical assistance from speciallsts, 1nc1ud1ng
but not limited to: engineers, geologists:, hydrogeologlsts,
and soil scientists. :fhese specialists may be part of the
petitioner's staff or outsioe oonsultants. The éPA feels that
petitioners will obtain the best serv1ce (designs, plans, etc.)
and thus the most complete petition, if they use only fully qual-
ified technical expertise. Particularly important is experience
in hazardous waste management closely gelated to the proposed
faoility ano wastes., | |

.The use of regisﬁered, professional engineers ipathe :

preparation of a variance petition is encouraged. Patt‘264
requires certification by a registered, professional engineer
that a facility has been closed in accordance with an approved
closure plan. Engineers are registered by‘allASQ Statesi
Registration is.based on combinations of education, experiehce,
and examinations.x‘Registra;ion licenses engineeers to practice
their profession and includes legal and ethical restrictions
regarding the technical extent to which services may be offered.

Registered engineers may not practice beyond their areas of
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expertise., Additionally, registeréd engineers are.;eqdifed by
law to place public health, safety, and welfare befére other
aspects of their assignments. ‘

Tpa petitioner should,obééin the best assistance pdssible
in the preparation of a petition. EPA recommends that engineers
experienced in hazardous waéte management be involved with
preparatioq of petitions. Also, itfhighly recommends that
registered, professional engineers kregistered in the State in
which the facility is located) be utilized in the development
of necessary designs,:specificationé, certifications, etc. The
combination of applicable experience and registration on behalf
of'engineers invoived should resu}éjin a pétition (and Eesultaﬁt
facility) that meets the technical requirements and spirit of
the regulations. Proper qualifications are most important;
however, professional registration is also considered an impdrtant
credential. If the regulations reqﬁire é-registered engineer,
even the best qualified, non-registered engineer will not meet
the requirements. ‘ .

_ Again,.experience in ;and—baseﬁ hazardous waste management

" is the most important credential fo# geolégisﬁs, hydrogeologisgs,
and éoil scientists. Some States ahd professional organizatibns
register geologists and hydrogeologists in a manﬁer simiiar tb
engineers. it is recommended that éxperienced, régisteredvl

professionals be involved with the}petition°

t
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In lieu of registratioh, several nationai,orgenfzatione
certify-geoiogists, hydrogeoclogists, and<$oi1asciedti§:s. |
Certification generallj,indieapes,thatfan:ihdividuai:has #he:‘
bas;c‘edueational,:equirement'andf(usuaily%fef@erienceatq,be
considered a member of that proﬁessfona. '

ﬁhenever an exgosute and’popuiationwanaiysisrisiincIudéd in
'a;petitiop‘demonstration, the*servicea'cﬁfa;quafifieditoxicologisti
or public health prdfessional.is>desirab1eu Tﬁese:prcfessianals
should'beﬂfaﬁiriet'with'the Agency*s:gotﬁcies:Ear:develogihg'
heaith‘effects,c:iteria and should'have?had'experiencefin-conducting
a human health risk assessment for environmental exposure scenarios.
F. Related Guldance Documents: )

The_EEA'has:gublished:eeverai.guidancefdocumentsn:eIated_

.to the.submittalfof:RCRA Part B permit applications and to. the
perforhance-oﬁ?riskaaSSessmeﬂtsa These documents address. prepa-
rationfof.thezappribations andvtechnical asgectsvrelated‘:ofthe
design and”eperation of land-based hazardous. waste facilities..
These documents may be helpful instﬁeApregaraﬁfqn:ofia variance
petition. 5,listroﬁﬁselectedidocumenteffbilows.

Publicetions:ﬁfth.souiceishoyhias;NT131can'beiorderedéfromz
the National Technical.Information‘Servicee;infSpringfieldi
Virginia, ete(703% 487-4650. Eubiications‘fromftheﬂvaernment“
Printing Office (GPO) mey=be onderedzby’callihg=(2024'783—3238;

Stock numbers: are: shown for GPO publications: and publlcatlon

numbers are shown for those from NTIS.
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Title |
Permit Applicant's Guidance Manual for:
Hazardous Waste Land Treatment, Storage,
and Disposal Facilities (530 SwW-84-004)
Evaluating Cover Systems for Solid '
and Hazardous Waste (swb867) ‘

Hydrologic Simulation Waste Disposal
Sites (SwW-868)

Landfill and Surface Impoundments
Performance Evaluation (Sw-870)

Lining of Waste Impoundment and
Disposal Facilities (Sw-870)

Management of Hazardous Waste
Leachate (SW-871)

Guide to the Disposal of chemically;
Stabilized and Solidified Waste (SW-872)

Closure of Hazardous Waste Surface
Impoundments (SW-873)

Hazardous Waste Land Treatment (Sw-ﬁ74)

. } ’
Test Methods for Evaluating Solid
Wastes (SW-846)

A Method for Determining the
Compatibility of Hazardous Wastes
(EPA-600/2~-80~076)

Soil Properties, Classification, ‘
. and Hydraulic Conductivity Testing,
Draft Technical Resource Document
(SW=-925; 1984) o

Solid Wwaste Leaching Procedure, ;
Draft Technical Resource Document
(SW-924; 1984)

Procedures for Modeling Flow ‘
Through Clay Liners, Draft Document.
(EPA/530-SW-84-001; April 1, 1984)

GPO

" GPO

GPO

GPO

GPO

GPO

GPO

GPO

GPO

GPO

' Source

(055-00-00240~1)

(055-00-00228-2)

(055-00-00225~8)

(055=00-00233-9)

(055-00-00231~2)
(055=-00~00224~0)

(055-000-00226~6)

(055-000-00227-4)"

(055-000-00232-1)
(055-002-810C1~-2)

NTIS (PB80-2210053)

RCRA Hotline
(800) 424-9346

RCRA Hotline
(800) 424-9346

RCRA Hotline

 (800) 424-9346
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Title

‘Superfund Public Health Evaluation
Manual .

Superfund Exposure Assessment Manual

© Background Document for the Ground-Water -
Screening Procedure to Support the 40 CFR
Part 268 Land Disposal Restrictions.

Background Document on the Development
and Use of Reference Doses to Support
40 CFR Part 268 Land Dlsposal Restrictions

Background Document for the Surface
Water Screening Procedure to Support

40 CFR Part 268 Land Disposal Restrlctlons

Source

U.S. EPA Office

Of Solid Waste

and Emergency

‘,Resppnse

U.S. EPA Office.
of Solid Waste
and Emergency
Response -

U.S. EPA, Office
of Solid Waste

U.S. EPA, Office

of Solid waste

U S EPA' Offi ce
of Solid Waste
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Ve Summary of the Conditions of an Approved Petltlon

For every petition that the Agency or authorlzed state
approves, certain minimum conditions regarding the subject waste,
the disposal unit, and relevant management practices will be
specified.. Additionally, certain specific conditions that
identify grounds for revocation of the approved petition and
possible enforement action will alsp be specified. Although all
of these cénditions will be Qery debendent 6n thé individqal
petition, there are certa;nvgenerQIJéomponehts that would be
included in every approved petition. These components are
briefly described in the followxng paragraphs.

‘Bach approved petition will contaln precise descriptlons
of the subject waste, in chem;cal and physical characterlstlcg,

the concentration of hazardous constituents and the range of
variables of these concentrations, and the volume or.weight‘

of the waste to be managed in the subject disposal unit. The
petition will also contain a complete description of the disposal
unit, in terms of physical locationjand dimensions, and current
ownership. The petition will speci?y the length of time over

* which the approval is efféctive and?will state exact dates‘by
which a renewal or re-application is required. This latter
information-will be dependent upon the status of the operating
permit of the disposal unit at the time of petition approval.

In addition, if any petition is approved on a conditional basis,
(e.g., conditional on the basis of édditional monitoring results,
or the results of some long-term analyses) thé details of the

.condition and the petiticner's respénéibilities would be

specified.
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Under certain circumStanceé, an approved petition may be
revoked, and possible enforcement action, to include fines and
1mprisonmeht, may be necessary. In general, such circumstances
‘would include significant-changes in the subject waste or‘in the
site characteristics that could not have been foreseen ét“the
time that the petition was approve@,‘or the subsequent obtaining
or developmentof relévanf information‘that was not availéble
to the petiticner or the Agency at the time the petition was
approved. Additionally, if the petitioner fails to obtain the
required operating permits, or is not in compliance with current
' permit requirements, the Agency may decide to cdmmence enforce-
ment action, and this may result in petifion revbocation. 1In
the case of a signifiﬁant changes in the physical éharacteristics
of a waste that are either to brocgss changes that involve
different raw m'ateria.ls or to vmixtur_e of the waste with other
materials, the. generator of tﬁe waste or the person who is
knowledgeable of thése changes is responsible for reporting the

change in waste characteristics to the Agency or to the state

that had approved the petition.







APPENDIX I

SCREENING FACTORS







I.

A :rééaiﬂadéERewectionrciitetia

- APPENDIX I

A. Approval Criterion
A petition for removing restrictiens ‘on the Iand |

di@posal of a pteviously restricted hazardaus waste is

Qapproved for a specific disposal unit if ‘the disposal unit
owner or gperatct,ean;demcnstnate that no -exposure to
4hnma55’or to(environmehtal‘ﬁpecies‘nrvsystems7wi11;occux
‘:fhzoughmany;pathway.for‘as-lcngsas the wastes remain

hazardous. .

B. Rejection Criteria

A petition for temoving'restrictions.on the land

vdlsposal of a previously restricted hazardous waste is

rejected for a specific disposal unit ifs:

'l. 'The petitioner fails tc»submitzan anaiysis
-documenting ‘the validity of :any ‘fate .and ‘transport
‘model, other than the unmodified wversion of the
Screehing/‘IreaémemtuStanﬂard models, ‘to be used

' in evaluating ‘the :disposal unit :site.

2. The petitioner fails to :submit for Agency approval
a comp:ehensive~quali;y:assuxaﬁée/quality.control

plan for -all sampling :and :analytical techniques to’
be used in ﬂeveloping‘ghe;petition:demonstraticn.‘

3. ‘The owner or operator=of'the~dispbsa1,uﬁtt has not
provided tbythe’Agency‘or.State all relevant ‘Part B

information, including all relevant Part 270.14(c)

information.
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IX. Aggroval for Performing a 2nd Tier simplified Analysis

Approval is granted for pérforming a,znd‘Tier7Sim§iified Site

Analysis for a petition for removing restrictions on the land

diéposal of a previously restricted hazardous waste ifs

1.

The'disposal unit is not located within l Km

of a fault which has ﬁad displacement in
Holocene time. :

The disposal unit is not located in a loo-yeér
floodplain, unless granted a variance as te-‘
quired under Part_264418(b). |

The disposal unit is located at a site where

the inherent geologic, hydrologic, and pedo-
logic features can: be adequately characterized,
to ensure tha£ all siQnificant ground waﬁer‘flpw‘
paths can be monitored. ‘

The disposal unit is not located at a site ln
close proximity to karst topography, subsurface
fractures and beddingﬂplanes, active volcanic
impact zones, landslidé-susceptible areas, sub-
sidence-prone areas, or weak or unstable soils.
The disposal unit is pdt loéated at a site where
ground water withdrawal,‘natdral infiltration, or
any type of subsurface injection significantly
affects the ground-water flow systemé to the |
extent that the integ?ity of the disposal unit

is threatened by,contéct with the ground water.
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The owner or ‘operator of the disposal unit is

not required‘to perform compliance monitoring under

Subpart F unless an ACL has'beén granted, or is not

performing corrective action.







| APPENDIX IT
PROPOSED LAND DISPOSAL

RESTRICTIONS







&)

Ii-1

PART 268—1.AND DISPOSAL
RESTRICTIONS o
VL In Part 268, proposad in the

Federal Registar of May 31, 1985 (S0FR

1. The authority citation for proposed
Part 268 is revised to read as follows:

Authority: Secs. 1006; 2002(a), 3001, and
3004 of the Solid Waste Disposal Act, as -
amended by the Resource Conservation and
Recovary Act of 1978, as amended by the
Hazardous and Solid Waste Amendments of
1984 (42'U.S.C. 6805, 6812(a), 6921, and 6924).

2. By adding Subpart A to proposed.
Part 268 to read as follows:

Subpart A—General

268.1 Purpose; scope. and applicability.

268.2 Deiinitions applicable to this: part:

268.3 Dilution prohibited as a substitute for
treatment. .

2884 Procedures for oxtensions to an
effective data.

" 288.5 Petitions to ailow land dispossl of &

' wacte prohibited under Subpart C of Part
288

288.8 Waste analysis.
2889 Incorporations by reference.

Foderal Register / V;:l. 51, No. 8 / Tuesday, January 14, 1988 / Proposed Rules

§ 280 Pwpces, sceps end spplicabiity.

{a) Thig pert identifies hazardous
wastes that are restricted from land
disposal and thoss limited -
circumnstancas undeg which an
otherwise prohibited waste may
continua ts be land disposed.

{b) Except as specifically provided
otherwise in this part or Part 261 of this
chapter, the requirements of this part, |
2pply to persona who generate or
transport hazerdous wasie end owners:
and operators of hezardous waste
treatment, storage, and disposal -
facilities.

{c} The requirements of Subparts A, C.
D and E of this part do not apply to the
digposal of haznrdore waste by
underground injection.

(d) The requirements of this part app!
to-a person whe generstes, transports,
treats, stores, of disposes of hazardous
waste in & State which is suthorized:
under Subpart A or B of Part 271 of this

chapter if the State has not been
suthorized to carry out the requiremen’
and prokibitions applicable to the
gonecration, iranspart, treatment, storag
or dispossal of hazerdous waste which
are imposed pursuant {o the Hezardou
and Solid Waste Amendments of 1984
The requirements aad prokibitions the
are applicable until a State receives

authcrization to carry them out includ

- all Federal program requirements

identified in § 271.1(j} of this chapter.

{e} The regquirements of this part do
not apply to perscns placing hazardor
wastes in @ surfece imponndment
provided that:

" {1) Treatment of such wastes occus
the impoundment.

(2) The contents of the impoundme
must be analyzed, through use-of the
test methods described in SW-846 a1
the residues of snch treatment (inclu
any liguid waste) that do not meet th
treatment standards promulgated un
Subpart D of this part, or are not
delisted under § 280.22 of this chapt:
must be removed at least annually s
may not be placed in & surface
impoundment for subsequent treat
The procedures and schedule for (i}
sampling of impoundment contents,
the analysis of test dats, and (iii) th
annusl removal of rezidue which dc
not meet Schpart D treatmsnt stanc
must be specified in the facility’s w
analysis plan as reguired under
§§ 284.13 or 285.23 of this chapter.

{3) The impoundment meets the «
requirements of § 284.221(c) or
§ 285.221{e) of this chapter, unless:
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xempted pursuent to § 264.221 {d)

of this chaptes, or § 285.221:(c) or

this chapter, o

Upon application of the owner or

tor prior to November 8, 1963, the

alstrator has granted a waivez of
ts om the basis that the

8 impoundment:

Has at least ona line:. for which

is no evidenca thur such liner is

b S
Is located movre than onz-qusrter
TOm an ; source of .
mx;l&mn@dn@ th the gensrally
Isincomp wi

sables groimdd water mozitoring
rementa foe facilitics with permits:

i Upon: applization of the owner or
.oe price to Novamber 8, 1888, tha
nistrater has grented 2
destion of the requirements on the
of & demonstration that the
cs impoundmant is located,
nad, and operated 20 as to agsure
bave will be no migration of any
«dous conztituent into ground water
rfacs waler 2t any futurd time,
The requiremaents of this pert do
pply to: -
Pexzcas wko have been granted o
uics frocs a peohibition pursuant to
1%, with respact to those wastes and
covered by the variancs; or,
any land dizposal of contaminated
sz debris reculting from a responsa
n taken undcr section 102 or 108 of
somprohansive Environmental
o2, Compensation, and Lisbility
2£ 1980 or a corrective action
fred under Part 204 or 205 of this
ey until November 8, 1563,
1A tor or an owner of
alor of a fecility otharwise
{ated by this part must comply with
pplicable requirements of this
Aer. .

32 Defldtiona spalicabiy (o this post.

) When uszd in this part the
nving terms have the meanings given

w; ,

Area of elfective control” means an

1 where perpetual restrictions exist

he use of any air or water resources

manner that wonld-not be

ective of human heaith and the

ironment, If this area extends

. ond the waste management area, as
ned at § 284.95({b) of this chapter,

setual restrictions on the use of any

or water resources must be

iblished by an act of the local or

iz legislature.

Hazardous constitutent or

stlluenis” msans thosa constituents

ed in Appendix VIII to Part 221 of

»chapter.

“Land dispesel” means placement in
or on the land and includes, but is not
limited to, plecament in a landfill,
surface impoundment, waste pile.
injection well, land treatment facility,
salt dome formaiion, salt bed formation,
underground ming or cave, concrete
wanit or bunker intended for disposal

and placement in or on the

. land by means of open detonation. The

term “land disposal™ does not
encompass ocean disposal. :
(b) All other terms bave the meanings
given undar §§ 260.10. 261.2, 281.3, or
270.2 of this chapter. ’

268.3 D&istiza prohibited 2o a suhntitute
for trsatmant.

No gensrater or ownezs or operator of

a trestment, storage, or dispoasl facility . inquiry

tholl in sny way attempt to dilute a_
wasts as g substitute for adequate
trestmant 1o achisve compliance with
Subpart D of this part.

$2884 FProceduras for extensions to
effectiva date. . -

{a)} Any person who generates,; treats,
storas, or dispesas of a hazardous waste
restricted (or proposed to ba restrictad)
from land disposal pursuant to Subpart
C of this past may submit an spplication

to the Administzator for an extension to

tha effeciivc date of any applicable
restriction satablished under §§ 288.30,
2688.31, or 268.40. The applicant must
demonatrats the following:

{1) Ha bas cntered into a contract to
construct or ctherwise provide
alternative beatment, recovery
(recycling), or disposal capacity that
protects buman health and the
environment. The contract must contain
2 penelty for canceilation that, in the
Agency’s judgment, is sufficient to
dizgcourage cancellation by the
applicant. -

{2) Due to circumstancss beyond the
applicant's control, such alternative
capacity cannot reasonably be made
available by the applicant by the
applicable effective date. |

.(3) The applicant has made a good-
faith effort to locate and contract with
treatment, recovery, or disposal
facilities nationwide to manage his
waste in accordance with §§ 268.30 or
268.31.

{4) The capacity being constructed or
otherwise provided by the applicant will
be sufficient to manage all of the waste
that is the sebiect of the application.

{5} The applicant has prepared and
submitted to the Adminisizator a
detailed schedule for obtaining required
cpearating permits and construction or an
outlie of how and when alternative
capacity will be provided.

{6) The applicant has arranged for

adequate capactly t manage his waste

‘an extension and has :
documented in the application the
location of all sites at which the waste
will be mensaged. .

(7) Any waste managed in a surface
impoundment or landfill during the
extension period will meet the
requirements of paregraph (i} (2) of this
section. . '

{b} Any parson signing an application
described undar paragraph {a] of this
section shall make the following
cartification: .

1 cestify under penalty of law that § heve

y examined and e femiliar with
the information submitted in this document
and ell attachmonts and that, based on my
of thoss individusls immediataly
responsible for obizining the information, 1
belleva thet the information ia trve, aceurate,
end complete. I am aware that thees ere
significant penalties for submitting falee
information, including the poswibility of fine
and impriscoment.

{c) On the basis of the information
referred to in paragraph (a) of this
section, afier notice and opportunity for
comment, and after consultation with
appropriata Stats agencies in all

. affscted States, the Administrator may

grant an extension of up to 1 year from
the effective date. The Administrator
may renew this extension for up to 1
additional year upon the request of the
applicant. In no event will an extension
extend beyond 48 months from the
applicable statutory effective date
specified in section 3004(d}, (e), or (g) of
the Act (42 U.S.C. 8324(d), (). or (g}).

{d) Tha length of any extension
authorized in paragraph () of this
section will be determined by the
Administrator based on the time
required to construct or cbtain the type
of capacity needed by the applicant as
described in the completion schedule
discugsed in paragraph (a){5) of this
section.

.{e) The Administrator will provide the
successful applicant with written notice
of the extension. This notice will
describe the manufacturing process that
is the source of the waste subject to the
extension. the volume of such waste, the
duration of the extension, and the nume
and the location of the facility
designated in paragraph (a){8) of this
gection to mansage the waste during the
period of the extension. The applicant
must retain a copy of the notice during
the period of the extension and for at
lesst 3 years after the extznsion expires.

(D) The applicant must provide a copy
of the notica to the facility designated in

. paragraph (a){6] of this section. The
notice must be provided to the
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of the extension. The owner or opreator
of the facility shall retain a copy of the
notice during the period of the extension
and for at least 3 yaars after the
extension expires. .
{8) The successful applicant must
immediately notify the Administrator as

* soon as he has knowledge of any

s in the cunditions certified to in

the application.

(h} The successhis} applicant must
submit written progress reports at
intervals designated by the
‘Administrator. Such reperts must
describe the overzll progress made
toward constructing or ctherwise -
providing alternative treatment,
recovary or disposal capacity; must
identify any event which may cause or
has caused z delay in the development
of the capacity; and must summarize the
steps taken to mitigate the delay. The
Administrator can revoks the extensicn
at any time if the applicant doez not
demonsirate a good-faith effort to meat
the schedule for completion, if the
Agency denies or revokes any required
permit, if conditions certified in the
application changs, or for any violation
of this part. ,

- {i} Whenever the Administraior _
establishes an extension to an effective
date under this section, during the
periad for which such extension is in -
effect:

(1) The storage restrictions under
$ 264.50(a)(1) do not appiy, and

(2) Such hazardous waste may be
disposed of in a landfili or surface -
impoundment, only i

(i} The landfil, if in interim status,
meels the requirements of Subpart F of
Part 285 and § 285.301 (a) through (&) of
this chapter. .

(i) The landfill, if permitted, meeats the.
requirements of Subpart F of Part 264
and § 264.301 (c) through {e) of this
t.hapter.

(iii) The surface impoundment, if in
interim status, meets the requirements of
Subpart F of Part 265 and § 265.221 (a)
through (e) of this chapter; or .

{iv) The surface impoundment. if
permitted. meets the requirements of
Subpart F of Part 264 and § 294.221 ()
through (e} of this chapter.

§268.5 Petitions to sliow lend dispossi of
;&mewwmm@mcmpm
{a) Any person seeking a varisnce
from a prohibition under Subpart C of
this part for the disposai of a restricted
hazardous waste in a particular unit or
units must submit a petition to the
Administrator demonastrating that any
hazardous constituentis of the waste are

°

migration of any such hazardous
congijtuents of the waste from the area
of effective contsol into the air, ground
water, surface water, or soil in :
concenirations that exceed the
applicable screening level, or that result
in adverse effocts upon the environment.

(1) The Administrator will use the -
following criteria for datermining
whether the established screening lavels
may be exceeded for any threshold
constituents: ) ‘

(i) Exposurs criteria:

{A) Other potential or actual sources
of exposure to the same or similar -
constituents,

(B} The leve! and type of uncertainty
inherent in the models used to predict

* potential exposurs to the surrounding

population,

{€} The nature of the potentially
expozed population. :

(i1} Touicological criteria:

(A} The slope or slopes of dose
response curves for the heslth effects
attributable 1o a threshold constituent.

(B} The frequency and magnitude of
potential exposure to a threshold
constituent. . .

{2} Tha Administrator will use the
fellowing criteria for determining a
healih effects level for any non-
threzhold constituents:

(i} Fxposure criteria:

(A) Other potential or actual scurces .
of exposure to the same or similar
constituents, :

(B} The level and type of uncertainty
inherent in the models used to predict
polential exposure to the surronnding
population. '

(C) The potentisi current and future
risk te individuals from the activities of
the disposal unit.

{D) The'size and nature of the
potentially exposed population.

{ii} Toxicolugical criteria: the level
and type of uncertsinty inherent in the
duta used to estimate health risks.

{b} The demonsztration referved to in
paragraph (a) of this section must ‘
include an analysis of the tutal number
of people that could potentiaily be
exposed to any hazardous constituent of
the specified waste for as long as the
specified waste remains hazardous.

(c} The demonstration referred to in
paragraph (a) of this section must
include agsurances that land disposul of
the specified wasts will not cause

. #dverse effects on any aquatic biota,

wildlife, vegetation, protected lands, or
other areas of potential ecological or
~econontic significance,
(d} The demonstration referred to in
paragraphs {a}, {b), and (c) of this

1762
- designated facility prior to thé first " atlavels that ensure, to 4 reasonable- section may-inciude the following -
< shipmeat of waste which is the subject  degres of certginty, that thera will bene  components:

(1) An identification of the specific
waste and the specific unit for which th
demonstration will be made.

(2) A waste-analysis, using methods
described in SW-848, whers

appropriste, of equivalent methods

approved by the Administrator in
accordance with § 250.21 of this chapter,
to describe fully the chemicgl and -
physical chavacteristics of the subject
waste, including the waste's toxicity,
mobility, persistence, and propensity to
bioacowmulate.

{3) An evaluation of the perfermance
of the engineered componenis of the
disposal unit, .

{4) A comprehensive characterization
of the dispasal unit site and ares of
effective control, including an analysis
of background air, soil, and water
quality.

[5) Predictions of the ultimate fate of
hazerdous constituents in the air, soil,
surface water, and ground water, at the
point or points of potential human and
environmental exposure. o ‘

(e} The demonsiration referred to in
paragraphs (a), (b], and {c) of this
section must mezt the following criteria:

(1) All waste and environmental
sampling or test data must be accurate,
end reproducible. :

(2) All sampling, testing, and
estimation technigues for cheminal and
physical progerties of the waste and all
environmental parameters must have.
bees approved by the Administrater.

{3} Simulation models may need to be
calibrated for the specific waste and site
conditions, and verified for sccuracy by
comparison with actual measurements.

{4} A quality assurance and quality
control plan that addresses all aspacts
of the demonstration must be approved
by the Administrator.

{5} An analysis may need to be
performed fo identify and quantify any -
aspects of the demonstration that
contribute significantly to uncertainty.
Thie analysis must include an
evaluation of the consequences of
predictable future events, including. hut
naot limited to earthquakes. floods.
severe storm eveats, deoughts, or other
natural phenomena.

{f) Each petition must be submitied to
the Administrator by certified mail.

{g) Each petition must include the
following statemengﬁgned by the
petitioner or an authorized
reprasentatives

1 certify under punalty of law that I have
persenally examined and am familiar with
the informeation submitied in this petition and
all attached documents, and that, based on
my inquiry of those individuals immadiately
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obizini~g ths information. 1
e&ntbcwbmmdiafmﬂonhm

pecaitios for submitting falss -
IR m mﬂ‘ibﬂﬂy d fine

Aler receiving a petition, tha
sigtrator may request any -

tezal Inforrmation thet Lay
mebly be reqeived to eveluale the
moiration,

Eapproved, the petition will apply
wieds;osel of the mtricud
eatthe (ndividusl

iz in the dmmuom md wﬂl
s 40 any othor restriclad waste
xll'emnl wnit.

Thee Admiristzator shall give public
wdmainmt to approve ordeny &
- pm'fida &n oppostundly for
ccemment. The Administrator
gix= public natics of the final
Jno- a pstition in the Fedrrel

mmAdminhtmtormllpmvlde

empotics to the petitioner upon

axal or denial of a petition. If

g&i: thanotic&wi&s
ditpoul &

«a thzt may ba disposed themin,

mmmmmuoa of tha

mptmimmsbnl]muinthe
s for the texm of the approval as
ek by paragraph (1) of this secﬁon.
‘The term of an approved petition
:cno lt;nége than the term of the
pexmi dispesal unit is
ating under & RCRA permit, or up to
udzmofmmnfmmth'dagof
1atics provided under paragrap
Joffthis saction if the unit is
sting under intesim steten, In either

L?Rmmmﬂmg

a RCRA permit, or upon the -
Daation’of interim status or when
rolzme limit specified in the petition

LE Waste analysle,

) The owner or operator of any lnnd
csal facility sccepting any waste
ect to restrictions under this part,

t hrawve records of sither the

tment certiication specified in
igraph (b) of this section or of

iclent waste analysis through testing
wewaste for the constituents listed in
[ CCWE in § 268.42 to determine
ither the westes are in compliance:
vthe applicable treatment standards
sified in Subpart D of this part. The
iemust be tasted using the methods
cribed in SW~843 or ent

beds approvad by the Administrator
coardancs with $§ 2€0.20 and 26021
his chaptar.

(b) Where tho applicable treatment
stantlard for & wasta is treatment by a
spaciiic technology (i.e., § 268.41(a)), the
ownee or oporator of the treatment
facility moet submit a certification to the

land disposal facility stating that the
waste has been treaied using the .
specified technology. The certification is
subjoct to ths following requirements:

* (1) The certification must be signed by
thes treatsr or his authorized
represcntative and must state the
following:

1 certify under panalty of law that 1 have

ecamined and am iumliu with
tha trestment technoloay and operation of the
treatment process used to support this
certification and thet, based ca my inquiry of
those individuals imerediately responsible for
cbtaining this infarmation, { telleve that the
treatment process has bzen operated and
maintained-properly 20 as to echiave the
trestmant standards of the specified
tschnology without dilution of the prehibited
waste. ] em aware that there urs significant
ponalties for submitﬁng a false certification
including the possibxllty of fine and

(2 The wﬁﬂcaﬁon must be sent io
d disposa! facility before the
treated waste {including treatment
reaiduns) iz shipped by the treater and
must be kept oa sita for 3 years after the
waste is piaced in a land disposel unit
at the facility,

§ 268.9 incorpoezicna by referench.

The following material is incorporated
by referenca and is available for .
inspaction at the Office of the Fedeml
Regiater Information Center, Rm. 3301,
110 L St., NW., Washington, DT 20408.
These incorporations by reference were
approved by the Directer of the Offics of
the Fadera! Register. The material is
incorporated as it exists on the date of
appraval and a notice of any charge in
the material will be published in the
Federal

{(a) “Tesat Methoda for Evaluating Solid
Waste, Physical/Chemical Methods,”
EPA Publication SW-846 (First Edition,
1980, as updated by Revision A (August
1980). B (July 1881), and C [Fehruary
1982) or Second Edition, 1982). The first
edition of SW-848 is no longer in print.
Revisions A and B are available from
NTIS, 5255 Port Royai Road, Springfield.
Virginia 22161, The second edition of
SW-848 includes material from the first
edition and Revisions A, B, and Cin a
reovganized format. 1t is available from
the Superiaizndent of Documents, U.S.
Government Printing Office,
Washingten, D.C, 20402 (252-783-3228),
on & subscription basis, and future
updates wiill antomaticaily be mailed to
the su . The matsrial is cited in
the fellowing sections of Part zeaz

§§ 268.1{e){2}. 288.5(c}(2). 288.6(8] and
208.42(a}.
(b) [Reserved.]
3. By adding Subpert C to pmpo:ed

" Part 288 to read as follows:

Sec.
mal? Waasts specific prehibitions-~Group

m.ﬁ Waste specific prohibitions—Croup
Subpart C—Prahibitions on Land
Dispoaad '
£268.280 Wast? spacifie prohibitione.
Group L

{e} Effective November 8, 1988, the
wastes listed in paragraph (b) of this
section are prohibited from land
disposal, except in an injection well,
unless:

(1) The wastes are treated to meet the
standards of Subpart D of this part, or

{2) The wastes are subjectto a
succeasful petition under § 288.5, or

{3) An exctension has been granted
under § 263.4.

{b) Prohibited are the following

golvent conteining wastes containing
greatsr that 3 percent (by weight) total

* organic constituents, excapt for solvent

contaminated soile:

Foo1—The following spent halogenated
solvents nsed in degreesing:
tetrachioroethylene,
trichlorosthyiene, methylena
chicride, 1.1.1-trichloreethane,
carbon tetrachloride, and
chlorinated fizorccarbons; all spent
solvent mixmren/blends usedin
degreasing containing, before use, a. -
total of 10 percest or more (by
volume) of one or mere of the above:
halogenated solvanis or those
solvenu listed in F022, FOO4, and
F805; and still bottoms from the
racovery of these spent soivents
and spent solvent mixtures.

F002—The following spent halogenated
solvents: teirachloroethylene,
methylene chloride,
trichloroethylene, 1,1.1-
trichloroethane, chlorobenzene,

1,1,2-trichloro-1.2.2-trifluoroethane,
ortho-dichlorobenzene, and
trichiorofluoromethane; ail spent
solvent mixtures/blends containing,
before usa, a total of 10 percent or
mora (by volume) of cne or more of
the above halogenated solvents or
those solvents listed in FOG1, FG04,
and FG05: and stiil bottoms from the
recovery of these spent solvenis
and spent solvent mixtures,

FO03—=The following spent non-
halcgenated solvents: xylene,
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-U238—Xylene

U228--Trichlorosthylene -

.gpent solvent mixtures/blends

1764
acetens, athyl acetats, ethyl §288.37 Wests specific prohibitiong contsining, before use, ona or more
benzens, ethyl ether, methyl , Graup 8. of tha above non-hzlogenated
isobutyl ketone, n-butyl elcohol, {a} Effzctive November 8, 1983, the solvents, and & total of 10 percent or
cyclobexanone, and methenok ell . waeates listed ins paragraph {c) of this more {by volums) of one or more of
- spent solvent mixiures/blends gection are prohibited from land those eolvents listed in FOG1, FCO2,
containing, solely the above spent disposal, except in en injection well, ~ F004, and FOOS: and still bottoms
_pon-halogenated solvants and all .  unless: K ' from the recovery of these spent
spent sclvent mixtures/biends (1) The wastes are treated to mest the golvents and epent solvent
containing, befors uss, ane or more standards of Subpart D of this part, a8 © mixtures.
of the above non-swlogenated (2) The Wasise are subject to a Fo04-—The following spent non-
solvents, and a toia! of 10 percent or  succesaful petition under § 268.5, or hslogenated solvents: cresols and
more (by volums) of as or more of {3) An extension has been grantad. cresylic acid and nitrobenzene; all
those solvents listed in FOOL, FOO2, undes § 283.4. ) spent solvent mixtures/blends
Foo4, and F00S; and still bottoms {b) Between Novamber 8, 1883, and . containing, before use, a total of 10
from the recovery of these spent November 8, 1983, wastes identified in percent or more (by volume) of one
. -golvents and spent solvent paragraph (¢} of this section may be or more of the above non- ‘
- mixtures. - . . - dispozed of in s landfill or surface haloganated solvents or those
FO04—The following spent non- t only if the facility is in golvents lsted in FOO1, F0O2, and
halogenated solvents: cresols and compliance with the minimum ¥005: and still bottoms from the
' cregylic acid end nitrobenzone; all tachnological requirements of § 2884 - recovery of these'spent solvents
spent solvent mixtures/blends 12 and spent salvent mixtures.
containing, before uss, a total of 10 {c) Probibited are: F005-~The following spent non-
pereent or more {by volume) of one (1] The following solvent-containing halogenated solvents: toluene,
or more of ths gshove non- wesios (containing less than 1 percant methyl ethyl ketone, carbon .
ted solvents er thoss {by weight) total organic constituents) disulfide, isobutanol, and pyridine; .
solvents listed in Foin, F0O02, and and solvent contaminsted soils. all spent solvent mixtures/blends
FO03: and still bottoms from the Po01—The following spent halogenated - containing, before use, a total of 10
racovery of thess spent solvents. solvents used in degreasing: percesnt or more (by volume) of one
. and spent solvent mixtures. tetrachiorosthylens, or mers of the above non-
7005~-The following spent non- trichlavoethyiene, methylens halogenated solvents or those
- ted solvents: tolusne, chloride, 1,1:1-trichloroethane, solvents listzd in F001, FO02, and
mathyl ethyl ketone, caxbon csrbon tatrachloride, and * Fods; and still bottoms from the
‘disulfids, isobutansl, and pyridine chiorinated fiuorocarbons; all spent recovery of these.spent sclvents
all spant solvent mixtures/blends solvant mixturse/blends used in snd spent solvent mixtures. - -
| eontaining, before use, a total of 10 degreasing containing, before uss, a P022—LCarhon disulfide
percent or more (by volume) of one total of 16 pezcent or more (by- Uo0Z—Acetone
ar more of the above non- ] volume) of one or more of the above Uc3t—=a-Butyl alcohol
. halogenated solvents or those halogenated solvents or those U037—Chlorchenzens
colvents listed im FOO1, FOO2, and - sulvents listed in F002, FOO4, and U052~Cresols and cresylic acid
FO04; and still bottoms from the F005; and still bottoms from the U0s7—Lyclohexsnone
recovery of these spent solvents recovery of thezs spent solvents U070-——c-Dichiorobenzene
and soivent mixtures. and spent eolvent mixtures. Udag~—-bdethylene chloride
Po22—Carben disulfide F00z—The following spsnt halogenated Ut12—Ethyl acetate
Ucoz—Acetons solvente: tatrachlorosthylens, U117--Ethy! ether
J031~-n-Butyl alochol methylene chlorida, U121-~Trichioroflucromethane
Uca7—Chlorobenzens tricklozoethylens, 1,1,1- U1l4o—lagbutaniol
UoS2—Cresols and lic acid trichicroethane, chlorobenzene, U256-—2Methancl
and cresylic & 1.1,2-trichloro-1.2.2-rifluoroethane, U158-—Msthyl ethyl ketone
U057-—Cyclohexanone ertho-dichlorobenzene, and i ,

" 2, U1e1—~Methyl isobutyi ketone
U070—o0-Dichiorobenzene trichlorofiuoromethane; ell spent U16a--Nitrobenzene
Useg—~Methylena chloride - ) solvent mixtures/blends containing, U198—Byridine
U112—Ethyl acetate ) before use, a total of 10 perssnt or Uz10—Tetrachloroethylene
U117—Ethyl ether . more (by volume) of one or more of U211—Carbon tetrachloride
U121—Trichloroflucromethane the above halog_enate.d solvents or U220--Toluene
U140—Iscbutanol those solyents hgted in F001, FOO4, U228~1,1,1-Trichloroethane

and F005; and still bottoms from the A
U154—Methanol recovery of these spent solvents Uz28—Trichloroethylene
U159—Methyl ethyl ketone and spent solvent mixtures. U239-—Xylena
U181—Methyl iscbutyl ketone F003—The following spent non- (2) The following dioxion-contamning
U188-~Nitrobenzene - halogenated solvents: xylene, wastag:
Uise—Pyridine acatone, ethyl acetate, ethyl FO20-—Wastes {except wastewater and
Uz10—Tetrachlorcethylene benzyane, ethyl ather, methyl spent carhon from hydrogen
U211—Carbon tstrachloride _isubutyl ketone, n-butyl alcohol, chloride pusification) from the
U220—Toluens ' cyclohexanone, and methanol; all production and manufacturing vae
Uzzs- ,m cnloroethan : spent solvent mistures/blends (as & reactant, chemical
’ =113 oros e containing solely the ebove spent - intermediate, or component in a
non-halogenated solvents; end all formulating process) of tri-, or

tatrachiorephenol or of
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intermodiates usad to produce their
pesticids derivatives. (This listing
does not include wastes from the
Fom highly puniied aear "
y 245
trichlorophencl)
023~~Wastes (except wastewater and
murbon from hydrogen -
ptodugi.i puﬂﬁuﬂuux}} from th
on or mauulaiuring usg (as
a reactent, chamicel intermsdiates,
o component in a formulating |
process) of pentachlorophenol, or of
intermadiates uszed to producs its
derivatives.
R22—~Wastes (except wastswater and
m carbon from hydrogen
de purification) from ths
mannfacturing use (as a reactant,
chemical infermeadiate, or
mmpon;g} in a formulating’
process) of tatra., penta., or
bexachlorocbenzenes under alkaline
conditions.” ‘ ‘
123--Wastes (except wastewater and
:gfnt carbon from hydrogen
oride purification) from the
production of materials on
equipment previcysly uszd for the
oa or manufacturing usa (as
areactant, dzmﬁm c?l d:%nhmw.m
orcomponsating ting
process) of tri-, anhc.l liting
tetrachlorophenoly. (This
does not include wastes from
equipment used only for the
uction or use of
chlorophene made from highly
purilied 2,4,5-trichlorophsnol.)
28--Wastes {except wastewater and
spent carbon from hy
chloride purification) from the
production of materials on
esquipment previously uzed for the
manuf; uza (as & reactant,
chemical intermeadiate, or
component in a formulation
gcau) of tetra-, penta-, or
achlorobenzene under alkaline
conditions.
1Z7~~Discarded unused formulaticns
containing tri-. tetra. or
pentachlorophenol, or compounds
derived from these chlorophenols.
{This listing does not include
formulations containing
hexachlorophene synthesized from
prepurified 2.4.5-trichlorophenol as
the sole component.) N

4. By adding Subpart D to propoged
w2 258 to read as follows:
ibpart D-~Trectmaont Stenderds

ase Applicabilily of treatment standerds,
841 Treatment standards exproszed as a
specified technology.

Sec.

28342 Treatment levels expressed as
concentrations in waste extract.

26843 Treatmant standards expreszed as
wasle concentrations. {Reserved]

Subpast D—=Tresatment Standards

§2¢8.45 Appisebiily of treatrnant '
stendards,

{=) Prior to land disposal, any waste
for which an identified technology is
specified as the treatment standard
§ 268.41(a), must be treated using that
technology or treated using an'
equivalent treatment method approved .
by the Administrator or under the -

set forth in § 268.41(b),
unlezs the hazerdous constituents in an
extract of the waste or in the waste are
less than the concentration levals
indicatad in § 268.42 or § 268.43,

respectively. :

{b} For land disposal of a waste listed
in Sublpart C of this part but not
specifically identified in § 283.41, the
concentrations of hazardous
constituents in the waste extract must
not equal or exceed the value given for
any hazardous constituent listed in
Table CCWE in § 288.42(a). If none of
the concentrations of hazardous
constitusnts in the waste exiract equal
or exceed the spacified concantrations
lsted in Table CCWE in § 268.42(a), the
wasta may be land disposed without
further treatment. If the concentration of
sny hazardous constituent in the waste
extract equals or exceeds a level
indicated in Table CCWE in § 268.42(a)’
for that constituent, the waste must
undergo treatmont to bring the level
below the épplicable concentration level
before being land disposed.

pociisd technalagy.

{a) The following wastes must be
treated using the identified technology
or technologies, or an equivalent method
approved by the Assistant :
Administrater for Solid Waste and
Emergency Response:

(Wastes and designated treatmeént

-technologies will be specified in future

actions.] ‘

(b} Any person may submit an
application to the Assistant
Administrator for Solid Waste and
Emergency Response demonstrating that
an alternative treatment method can
achieve a level of performance
equivalent to that achieved by methods
specified i paragraph (a) of this section.
The appiicant must show that his
treatmant method will not present an
unreasanable risk of injury to health or
the environmexnt. On the basis of such
informaticn and any other available
information, the Assistant Administrator

for Sclid Waste and Emergency
Response may, in his discretion,
approve the use of the alternative
treatment method if he fiads that the
altemative trentmnent method provides a
level of performance equivalent io that
achieved by methods specified in
paragraph (a) of this section. Any
approval must be stated in writing and
may contain such provisions and
conditions a3 the Assistant
Administrator for Solid Wasie and
Emergency Response deems
appropriate. The person to whom such

- certification is isgued must comply with

all limitations contained in such
determination.

§ 268.42 Trectmont levels sxprossed 28
cencenirations k3 waole exiract.

Using the test methods described in
SW-843 or egquivalent methods
gpproved by the Administrator under
the procedures set forth in §§ 260.20 and
280.21 of this chapter. tha extract from a |
reprasentative sample of a waste
identified in Subpart C of this part, or
from the residue of treatment of such a
waste, must not contain any of the
constituents listed in Table CCWE ata
conceniration groater then the
respective value given in that table.
Whesn the waste contains less than 0.5
percent {ilterable solids, the waste itaelf,
aefter filtering, is considered to be the
extract for the purposes of this section.

TagLe COWE—CONSTITUENT CONCENTRATION

N WASTE EXTRACT
REGEIHITID CRRESTIn T m/i)
Aexons.. 20
n-Buap 20
Carton gty 20
Carton 5D, 0.4
ChIGIOBERERD. 20
Cresals 20
G 20
Ethyd scotde. 20
20
Ettwt athar 20
HxCDO~AY Hauschiteotitenun-p-diaums. ... 001 (tppb)
HrCOF Al I .00 {19k}
20
M J . 2.0
ety 1.2
Mathyl ety ket 20
Methyl & keson 2.0
Nt 0.02
PeCUD-Al F LEOUNG Q01 (1ppd)
PeCOF =l P ) ‘gm tppb)
P 1.
Pyncing . 327
TCOO==AS ToUTCiMOra Ui s Enge GRS enees 001 (topt
TCOF =A% Tt iy 001 (1ppl)
Tetras 0.014
2348 T A, 20
T 20
1.1.1.T% 20
1.2.2 122y Y 20
Tricty e.1
T 3 20
2.4.8 Trickiororhong) U 3
2.4.8 Triy .04
Xy 20
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§268.43 Tresitmant sitzndards
88 weste concentrations. [Reserved]

5. By adding Subpart E consisting at

this time of § 268.50 to proposed Part 268

to read as follows: ‘
Subpart E—Prohibitions on Sterage
§268.50 Frohibitiona on storage of
restricted westes. .

(a) A hazardous waste prohibited

from land disposal vudcr Subpart C of
this part mey not be stosad in tanks or

containers after the prohibition effective

date unless:
(1} The owner or operator of a

hazardous waste treatment, storage, or

* disposal facility stores such waste for 90
days or less: or

(2) A transporier stores manifested

. shipments of such waste in containers at

a transfer facility for 10 days or less: or,
(3) Such waste is accumulated on site

by the generator and does not exceed
the applicable time limitations set forth
in § 282.34 of thie chapter.

.. (b) The prohibition in paragraph (2) of

this section does not apply to the

_conditions of an approved petition under
§ 268.5 or an approved case-by-case
ex(‘ef’rf; il Sl h (a) of

&) PrG on in paragraph {(a) o

this section does not apply to hazardous
wastes that meet the treatment '
standards specified unider Subpart D of
this part.
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ADDRESRS: Commants may be mailed or
delivered to: Dr. Jerry Stara,

* Environmental Criteria and Assessment
Office, U.S. Environmental Protecticn
Agency, 26 West St. Clair, Cincinnati,
OH 45288,

FOR FURTHER INFORMATION CONTACT:
Dr. Richard Hertzber, Telephons: 513
084-7531.

SUPPLEMENTARY IKFORMATION:
Praliminary drafts of theze Guidelines
ware sent for review to approximately
20 scientists in the fields of toxicology,
pharmacokinetics and statistics within
the Agency and a later draft was sent
for external review to 12 scientists
within government, academia and the
private sector, Comments received from
these reviawers, generally favorable,
were considered in developing the
Guidelines propoged here.

evaluation of the various data are also

discussed.

It is not the intent of these Guidellnes
to regulate any social or economic
aspects concerning risk of injury to
buman health or the environment
caused by exposure to a chemical
agentn{s). All such action is addressed
in specific statutes and federal -
legislation and is independent of these
Guidelines.

While some.potential environmental
hazards involve significant exposure to
only a single compound, most instances
of envircnmental contamination involve
concurrent or sequential exposuras to a
variety u eompounds that my induce
similer or digsimilar effects over
exposurs pericds ranging from short-
term to lifetime. In some instances, the
mixtures ars highly complex consisting
of scores of compounds that are

\

Coimms— = i
‘ENVIRONAENTAL PROTECTION Refesencss and mppoxﬁng documsnts generated aizmzhmeously as by- : :
AGENCY uged in the preparation of these pwducﬁsﬁomasing!esomorpmms .
guidelings as well as commenis received. (s.g., coks oven emissions and digsel -
{FRL~2742-3) are availabls for inspection and copying  exhsust). In other czses, complex
' R at the Public Information Refeﬂmoe Unit mixtures of related compounds are
Propoded Guidatines fer the Hoslth (202-332-5228), EPA Headquarters - . produced an comunercial products (e.g..
seen B oo D e e o g B gl b st
ure o Qam. ormulations sventually relea :
A,gency‘[EPA. .m Frotectlon 4:30 pan. . the envirenment, A?mher cﬂm:is of - N IR
’ . mixtures conaists of compounds, often”
| * Wiae . Bmieshann, " mrclated chemically o commercially,
Mixtures and 1 for cumments. Administrator. - ’ which are placed in the same area for -
Teques = : : 1 *  disposal or stotage, sventually coms
sUMesa%Y: The U.S, Environmental Conteaia ﬁ: contact with each at&er. and are
‘ L Introduction aged as &8 mixture to the
Pmmtacﬂwlm for the I{I.;gm; Risk L1 Propaced approach environment. The quality and quantity
Assssazment of Chemics] Mixtures gg:g‘ :mg mﬁ‘:ﬂ‘_ of pestinent information availabla for
{Guidelines). Thass Guidalinas are Compsasnts g&k amimnwm varies c:;:ﬁﬁﬁ;al:ty; for
s2d for use within the policy and yatemis : eront mixtures. Occa s
gg&?dmlo;amwm pmvigoed by the :wmu chemical compasitions of a mixture is
various statutes that EPA administers to 3. Intesactions . wall characterized, levels of exposure to
guide Agency analysis of heslth effects < Uocerteinties the populstion are known, and detailed
data, We solicit public comment and - Hesith Effects toxicologic data on the mixture are
will take public comment into  sccount in B e B available. M?}t tgeq;i?ﬂv- not ;l!!
viingthees Gudelnen Thee, Copotion of e Hiere componsats o e mistus, re e
revi y the :
Science A 1y Board in meetings IH. Assumptions and Limitationa toxicologic data on the known ‘
now tentativaly scheduled for April IV. Mathematical Models and the components of the mixture are limited.
1985, Alg“cam“di?; :f Joint Action Nom!gmaa%ge;cg may be  the
These delines were 3 _ req on because o
pc%r:'pog onu‘I board guidalines B. Responss Addition number of individual at potential risk or
davelopment program undez the w becauss of the known toxicologic effects
auspices of the Office of Health and . oo | ﬁﬁ'ﬁiﬂ compaunds that have been
Eavironmsntal Assessment (OHEA), Intrcducion e mixture.
located in tha Agency’s Offics of The primary purpose of this docnmcnt ; Gu.ideﬁmhf:a "";810 cé?mp;:un%l;lsk
Research and Developmest. Consonant  is to generata a consistent Agency ' assessmenits have bean developed for
cwinlh the mga of OHEA's Engﬁtmnmental cgfbmach fgr ezmging df?ta on ;ha mmom':& ':’;%03“’98 to
iterin and Assessment Office in nic and su ¢ effects'o
Clincinnatl (ECAO~Cin) as the Agency’s’ chemical mixtures, It is a procedural carcinogens. In the current docume:t,
senlor health committes for healthrisk  guide which emphasizes broad these approaches are extended to
assessment of chemical mixtures, the underlying principles of the various provide compatible guidelines for
Guidalines ware davaloped byan . scienca disciplines (toxicology, assessing the effects of multiple toxicant
Agency-wids working group cheired by ~ pharmacology, statistics) necessary for ~ or multiple carcinogen exposures.
e Difcior o 5005 ixpens xparioa, Avpeoachos o be  mixtures of wociants wil intract must
DATE: Comments must be postmarked . - mMmixture exposure. Approaches to ract mus
March uzzd with respact to the analysis and be based on an cndersfanding of the
by 11, 1685, y " mschanisms of such interactions. Most

reviews and texis that discuas toxicant
interactions make zome attempt to
discuss the bioclogical or chemical bases
of the interactions {(e.g., Klaassen and
Doull, 1960; Lavine, 1973; Goldstein et
al, 1974; NRC, 1980z Veldstra, 1958;
Withey, 1981). Although different -

. authors use somewhat different .
classification schemes for discussing the

ways in which toxicants interact, it
generally i recognized that toxicant
interactions may occur during any of the
toxicologic processes that take place
with & single compound: absorption,
distribution, matabelism, excretion, and
activity at the receptor site(s). In
addition, compounds may interact

- chemically, cansing & change in the

biological effect or they may interact by
causing different effects at different
raceptor sites.
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Because of the unceriainties inherent
in any approach io predicting the
magnitude and nature of toxicant
intersctions, any ascesament of health
risk from chemical mixture must include
a thorough dizcussion of all
assumptions. No single approach is
recoramended o thess Guidalines.
Instead, guidanrs is given for modifying
a fow simple . deches invelvisg risk
addition or doss sddition. The
mathematical deisils are presentsd in
Saction IV.

Hi. Propessd Appseach

No single apgzeach
recammendad {o rigk 3

mixture, the known toxic effects of the |
components in the mixtere, the =
svailability of toxicity data oz the
mixture or similar mixtures, ths knewn
or anticipeted interections among
componsnts {» the mixture, and the
quality of the exposure data. Given the
complexdty of this issue and the relative
paucity of empirical date from which
sound genarslizations czn be '

ped. The proposad
summarizsd in Table I and detailed
below. .

A. Data Available on Similar Mixtures

For predicting the effects of
subchronic or chronic expoeusa to
mixtyres, the praforcd approachis to
use subchronic or chroniz boalth affects
dats on the mixturs of concera end
adopt the same precsduras ae thone
used for single compounds, either
syatemic toxicants oz carcinogana Such
data are most likely to be available en
highly complex mixtures, such a2 coke
oven emission or diess] exhaust, which
are gencrated in lerge quantities and
associated with or suspectad of having
adverse health effects. Even if such data
are gvailable, aitention should be given
to the persistence of tha mixture in the
environment g3 well as the veriebility of
compogition of the mixture over tme or
from different sources of emissione. I
the componants in the mixture are
known to partition into different
environmental compartments or {0
degrade or transform &t diffarent rates
in the snvironment, then thoae factors
must also be tzken into account, or the
confidencs in and applicability of the
risk asszessment is diminished. :

Tamg i.m.wm.ﬁm.mm
Apencacy FOR CHEMICHL. MUTTURES

!.mmmmmaamv@um

2.6 ewficidry simig, procsad 0 Gap &

Y1 S
& B guoitative orvaion 8 avalabio o GOWS. REREe
fama, SESOSR 0 QUENDiesl indoatd By neAss o

SEOORFTEOMS il
o3 g asIaptong,
Similarly, if the risk assessment is

coaducted based on date from 2 single
mixizze which is knewn (o be generated

the eonfidence in the applicability of the
dete to a risk assespment alsois =~ -
diminished. This:can be offsat to some
degres if data are available on soveral
mixtures of the same components but
baving different ratios of the
components which encompess the
differsnces in composition seen with
time or from diffezent emizsion sources,
If such dats are availebls, an attempt
should be mads to-datermine if
significant and systematic differances
exist zmong the chemical mixtures. If
significsnt differances ave noted, ranges
of rizk can be eatimated based on
toxicologic data from the various
mixtures. If no significant differences
are noted, then a single risk aseesament
may be adequate, although some
statement should be made giving the
range of ratios of the components in the
mixtures to which the risk gssesament
epplies.

If no data are available on the
mixtures-of concern but health effects
dats ars svailable on a similar mixture
(i.e., @ mixture having the same
components but at slightly different
ratios, or having several comman
components but lacking one or mere
components, or having one or mozre
sdditional corponents] a decision must
ba mads whether the mixture on which
health effects data are availabls is or is
not “sufficiently similar” to the mixture

of concern t0.permit a risk assssament,
The déetermination of “sufficient,
eimilerity” must ba made on a case-by-
caes basis, considering not only the .
uncertainties: associated with using data
on.a-disgimilae mixture but also the
uncerteinties of using approaches based
on sdditivity, which are detailed later.
In dstermining rensonable similarity,
consideration should be given.to any
information on the components which
differ or are contained in markedly
different proportions between the

. mixture on which health effects data are

available and the mixture of concern.

B. Data Avaslable Only on Mixture
Components

if dats are not gvailable on an
{dentical orreasonably similar mixture,
the risk assessment:may be vsed on the
toxic o carcinogenic properties of the
components in the mixture. When little
or no quantitative information is
available on the poteatial interaction
among the conpesents, dose additive
models are recommended for systemic
toxicants {defined later), Several studies
have demonstrated that dose additive
models often predict reasonably weil
the tesdeities of mixtures compesed of &
substantial veristy of both similar and
disaimilar compounds (Pozzani ot al.,
1838; Smyth st al, 1968, 1970; Murphy,
1950). The problem of multiple toxicant
exposure has been addressed by the
American Conference of Governmental
Industriel Hygienista (ACGIH, 1983), the
Oc¢cupstional Safety and Heslth
Adminiatration (OSHA., 1983}, the Warld
Health Organization {(WHOQ, 1981), and
the Naticnal Research Couneil (NRC,
1980a,b). Although the focus snd
purpoees of each group was somewhai.
differsat, all groups that recommended
&n approach elecizd to adopt some type
of dose additive madel. Nongtheless, a8 -
discussed in Section IV, doee edditive
models are not the most biologically
plausible approack'if the compounds do
not have {he sama made of toxicologic
action. Consequently, depending on the
naturs of the risk assessment and the
available information or modes of acticn
and patterns of joint sction, the most
reasonable additive model should be

1. Systemic Toxicants.

For systemic toxicanis, the current
risk assessment methodology veed by
the agency for single compounds most
ofter results in the derivation of an
exposuse lavel which is considered :
acceptable or which is not anticipated to
cause adverse effects. Depending on the
route of exposure, media of concermn, and
the legislative mandate guiding the risk -
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asspsements, tha axposurs levals may ba
expeessed in a variety of ways such as
Acceptablas Daily Intekes (ADIs), levals
aszociated with various Margins Of
Salaty (MO3S), or Ambient Air
Siandardz. For tha purposs of this
discussion, the torma *. s Lavel”
{AL) will be used o indicate any of the
critarls, stendards, ot ndvisoriea derived
by the . For <. sz wstimates, the
“hazard indax” (#) of 2 mixture bazed
on the ezzumpticn of ders sdditivity
may be defined as:
HwE AL +E/Ale+-+ E/AL, (U1
whees:
£, m exposiza laval to the I toxicant, and
Al maximey sccsptable level for the i
tosdcant

Jince the inverss of the acceptable level
can be uszd as an estimate of toxic .
potency, Equation II-I can be interprated
a3 ano weighted-averags docs,
with each componznt dooa scaled by its
polency. As this index approaches unity,
concemn for the potential of tha
mixture increasss, If HI> 1, the concera
for the potential hazard is the same as if
an acceptable level were excizded for
an individuel compound, Le., if E/AL
exceeded 1. If the variabilities of the
scceptable lsvels are known. or if the
accsptable lavels are given as ranges
{e.g., agsociated with different margins
of safaty), thon HI should be presontsd
with estimates of veriationoczs a

2.

n%m hazard index is not a
mathematical prediction of incidence of
effects or severity. Statistical properties
of this index and its dependence on the
shape of ths dose-responsa curves for
tks components ara not yet known.
Much additional 2ess is requirad to
daterming the eccuracy of the hazard
jindex as a numorical prediction of toxde
severity, The hazard index is oniy a
nemericel indicator of the transition

v

batwean ble and unacceptable
wﬁ’fﬁw should not ba
overinterpested.

As discussed in Section IV, the
assumption of additivity is most
properly applied to compounds that
induce the sama effect by the same
mechanism. Consequently, the .
application of Equation II-1 to a mixture
of compounds that does not interact and
is not expected to induce the same types
of eifects could overestimate hazard.
‘Thus, if the application of Equation I-1
results in an index near to or greater °
than unity, it may be desirable to

ate the compounds in the mixture
by critical effect and derive seperate

indices for each effect. Conversely, if the

" dissimilar effects influenca one another
{(e.g. liver failure diminishing the .
fanction ¢f another organ), then simple

dosa addition could underestimate ths .
total hesard; this is discussed mora fully
in Section OL

The Agsacy hss developed methods
for eatimating dose-response curves for-
single chamicals, e.g. carcinogens (U.S.
EPA, 1534). In attempting to aszass the
responss (o mixtures using dose-
response curves for the components of
the mixture, dosa-additive or response-
sdditive agsumptions can be used, with

to tha most biclogically
plausible assumption. ‘
2, Carcincgens ‘

For carcinogens, whenever linearity of
the doga-response curve can be assumed
{usually restzicted to low doses), the
{ncreass in incremental risk P, caused
by exposurs d, ic related to carcinogenic
potency B, ase:

P=dB (-2

For multinle compounds, this equation
maybe generalized to:

P=34B. [@-3)

This equation assumes independence of
action by tha saveral carcinogens and is
squivalent to the assumption of dosa
addition as well as to response addition
with completely negative correlation of
toleranca (ses Saction [V). Analogous to
the procedure used in Equation I-1 for

_ pystemic toxicants, an index could be

developsd by dividing exposure levels
(£} by dozes (DR) associated with
varying levels of risk: ‘

HI = B JOR; + Eo/DRs + ... = B/DR,
{114} ‘

It should be emphasized that because of
the uncertainties in estimating dose
response relationships for single
compounds and the additional
uncsrtainties in combining the
individual estimate to aszens response
from exposure to mixtures, response
ratos and hazard indices may have merit
in comparing risks but should not be
regarded as measures of abisolute risk.

3. Interactions . ‘

None of the above equations
incorporates any form of synergistic or
antagonistic interaction. Some types of
information, however, may be available
that suggest that two or more
components in the mixture may interact.
Such information must be essessed in
terms of both its relevance to subchronic
or chronic hazard and its suitability for
quantitatively sltering the risk
asesIsment. ‘

For exemple, if chronic or subchronic
toxicity or carcinogenicity studies have’
been conducted that permit a
guantitative estimation of interaction for
twio chemicals, then it may be desirable
to consider using equations detailed in

f

Saction IV, or modifications of these

equations, to treat the two compounds
as 2 single toxicant with greater or
lessar potency ther would be predicted
from additivity. Other compounds in the
mixture, on which no such interaction
data sre availabla, could then be ireated
in an additive manner. Befors such &
procadure is adopted, however, @
discunsion should be preesnted of the
.likelibacd thet other compounds in the

mixture may interfere with the
interaction of the tweo toxicants on
which quantitative interaction dats ara
available. If the weight of evidence
suggeats that interference is likely, then
an attempt to quantitatively aiter the
risk aseescment may not be justified. In
guch cases, the discussion of the risk
ascessment may only indicate the likely

. nature of interactions, either synergistic
ar entagonistic, but not attempt to
quantify the magnitude of this
interaction.

Othez types of availsble information,
guch ag thos2 relating to mechanisms of
toxicant interactiorn, or quantitative
estimates of intaraction between two
chemicale derived from acute studies,
are evea less likely to be of quantitative
use in the asoessment of long-term
health risks, Usuelly it will be
appropriats only to discuss these iypes
of information, ladicate the relevence of
the informeticn to subchronic or chronic
exposurs, and, as above, indicate, if
possible, the nature of any potential
interaction, without attempting to
quantify the magnitude of the
interaction.

4, Uncertainties

in addition to uneertainties on the
nature and magnituds of toxicant -
inteeactions in the mixture, data may be
inadeguate to assess exposure to human
populations o the potential health
effscts of one oo more components of the
mixture. Ia such a cane, the less studied
chemicals must nat be asswmed to be

" harmless. Instead the uncertginty is

increasad. Confidence in the risk
assessraent is reduced because the
contribution of these compenents to the
toxicity of the mixture and,
consaquently, the toxicity of the mixture
itself are not known.

a. Health Effects. In some cases, when
heailth effects date are incomplete, it
may be possible to argue by analogy or
quantitative structure-activity

" relationships that the compounds on

which no health effects data are
available are not likely to significantly
affect the toxdcity of the mixture. if 2
risk assesement i3 conducted based on
such an argumnend, the limitations of the
approach must be clearly articulated.
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Sincs a methodology has not been an acute toxicity study to quantitatively  available to properly assess the
adopted for satimating an acceptable alter 8 risk asssssment for subchronic or'  significance of this:uncertainty.
level (a.g., ADI) or carcinogenic potency  chronic exposurs, the appropriateness.of Last, it:should be emphasized that

for single compounds based eithes
- . quantitative structure-activity
m!aﬁonsﬁsips er on the resuits of shorts
term gcreening tests, such mathods are
. not pgssﬁndy recommended as the gale
basis of a risk erassement on chemical
mixturss.

b. Exposure Unzertainties. I levels of -
axgmrs to certain compounds known

the mixtuse are not available, '

but information on hesith effects and
environmental persiztoncs and transpost
mut that these compounds are nst

to be significant-in affecting the
to:ncityoithemixtmthsnnﬁsk
assegement csn be conducted bassd oa
the remaining compounds in the
mixture, with appiopriate cavaate. If
such an argumant cannot be supmﬁed.
no final risk ssgessment can be
performed until sdequate monitoring ¢
data are available. As sn interim
procedure, 8 risk asasssment may be
conducted for those components in the
mixture for which adequate exposurs:
and beelth effects data are available. If
the results of the interim risk
ascssgment suggost that a hazaed.
already exists, rescuzces might be better
expendad on ramedisl action as part of
ths a risk managewment decision rather
than on furthor assessment. Concsen s
not reducsd if the interim risk
agsessiment does not suggest 2 hazard
becausze not all components in ths
mixture have bean considerad.

-¢. Uncertainties Regarding
Compogition of the Mixiurs, As a worst -
case scenerio, information may be
lacking not only o2 hesith sffects and
levels of exposuze, but ales on the
identity of soms componsnte in the
dascri previcus an
interim risk cseoezment can be.
conductsd on tha componsats of the
mixture for which adsquate health
effects and exposure information ars
aveilable. If a hazerd is indicated, then
the resulting partial agsessmant should
be carefully qualified to avoid over
interpretation of the accuracy of the
assesement. If no hazard is indicated,
the risk assesement should not be
quantified until better health effecis and
monitoring data ere available. -

HL Assumptions apd Limitetions

Most of the data availsble on toxicant
interactions are derived from acule .
toxicity studies using tal -

on

expearimen
animais in which mixtures of two
compounds ware tested. often in only a
‘single combination. Major areas of
uncertainty with such data invelve the
appropriatensss of interaction data from

interaction data on two component

" mixtures to quentitatively-alter a risk

asscsemant on @ mixture.of saveral
compounds, and the predictability of
interaction-data-on expsrimental
animals to quantitatively assess

‘interactions in-humans.

The use of interaction data from: acuta
toxicity studies to asseas-the potential
intsractions on chronic exposure would
be highly questionable uniess:the:
machanism(s} of the interaction on 2cute.
exposure were known to-apply-tolow.
dose chronic exposura. Howeves, most.
known biological mechanisms for

. toxicant interactions-involve some form

of competition betweer the chemicals or
phenomena involving saturation of a.
recaptor site ormetabolic.pathway. As
the doges of the toxicants are decreased,
it is likely that these mechanisms-either
no longer will sxert 3 significant sffect’
or will be-decreased to an-extent which
cannot be measured or approximated.
The use of information from two
component mixtures tc assess the

- interactions-in & mixture containing

mosa than two compounds also ia

- quastionable from a mechanistic

pesspsctive, Foraxample, if two
comypounds arg known to interact, efther
synergistically oz antagonistically,
becauss of the effects of one compound
on the metebolism.or excretion of the
other, the addition of a third compound

which either chemically alters or affects

the absorption of cne of the first two:
ompounds could substantially slter the
degree of the toxicologic interaction. -
Ueuslly, detailed studies quantifying.
toxicant interactions are not gvailable
on multicomponent mixtures, snd the:
fow studies that ars available on such.

mixturss (2.g. Gulline ot.al., 1858) donot.

provide sufficient information to assess
the effects of interactive interference,
Concarns with the uss of interdction
data on experimontal memmals to.
assess interactions in humans is based
systematic differences among species in
their responze to individual chemicals. If
systematic differences in interspecies.
sensitivity exist among species; then it
secms reasonable to suggest that the
magnitude of toxicant interactions -
among species also may vary in a
cystematic menner, Consequently, even
if excellant chronic data are available
on the magnitude of toxicant
interactions in & epecies of experimental
mammai, thors is uncertainty that the
magnituds of the interaction will be the
same in humane. Again, data are not

" on the increasing appreciation-for

nong of the models for toxicant
intersction cen predict the magnitude of
toxicant interactions in the absence of
extensive data. If sufficient data are.
available to estimate interactive
coefficients as described in Section IV.
then the megnitude of the toxicant -
interactions for various proportions of
the same components can be predicted,
The availability of an‘interaction ratio

-(observed response- divided by predicted 3

response} is useful only in assesssing the
magnitude of the toxicant interaction for
the specific proportions of the mixture
which-were used to generate the
interaction ratio.

The basic assumption in the
recommended approach is the risk
assesaments on chemical mixtures are
best conducted using toxicolegic data on
the mixture of conceim or & reasonably
similar mixture. While.such risk-
assessments do not formally consider
toxicologic interactions as part of a

- mathematic model, it is.assumed that

pesponges in experimenial mammals or
human populations noted after exposure
to the chamical mixture can be used.to
conduct rigk cesessments on human.
populations. In bicassays of chemical
mixtures using experimental mammals,:
the sams limitations inherent in species-

_to-species exizapolation for single

compounds apply to mixtures. When
using health effects daie on cheinical
mixtures: from studies on exposed
human populations, the limitations of
epidemiologic studiss in. the risk
aseszsment of single compeunds also
apply to mixtures, Additional limitations
may be-inveolved when using health.
effects date on chemicel mixtures if the
components in. the mixture are not
constant or if the components partition
in the environmsat..

If sufficient data are not available,on
the effects of the chemical mixture of
concem or a reasonably similar mikture,
the proposed approach ig to assume
additivity. Dose additivity is based on
the assumption that the components in
the mixture have the same mode of
acticn and elicit the same effscts. This
assumption will not hold true in most
cases, at least for mixtures of systemic
toxicants. For systemic toxicants, .
however, most single compound rigk.
asgsessmenis will result in the derivation
of aceeptable lsvels, which. as currently
defined, cannot bs-adapted to the
different forms of response additivity &s.
described in Section IV.

Additivity models can be modified to

'incorpomte gquentitative data on

toxicant interactions from subchronic or
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cheenic studiss using the modsls given  predicted by sumuning the individual Pol ifr=iand <P = (IV-6) L

a Saction IV or madifications oigm doecs aﬁnrhvndiusﬁng for differencss in Paby 4t (1-F)ife=d  (IV-7} -

modals. if this a is taken, potency: this is defined as the ratic of P=P 4P ifrs~1a0dP<  (IV-8) »
howaver, it will be urder tha equiloxic dosss. Probit transfornation More generalized mathomaticel models -
Shat other in tha mixterado  typically makes this ratio canstant at all  for this form of joint action have been °

wot jaterfera with the measuxed doses whes parallel straight lines are ' given by Plackett and Hewlett {1948).

fatevsction. In practios, such snhehroaic
or chironic imteractions dota scldom will
be aveilabls, and moat rick ssscenmants,
#a the abeenne of ko)t ~ffects dataon
the mixtura of concorn, will ke besed on
a Hon additivity.

tive and regponsn-additive
sczmptions can lsed to substantisl
savors in dsk estimales if synospistic or
smizgonistic inssrzctions ocoun,
Alhough dose additivity hasbeen -
shown to prediit the scuts tdadaities
many mixtures of similer and dissimilse
omaounds (e.g. Pozzani et al., 1968;
Smyth at al., 1909, 1970; Murphy, 1880),
somz marksd exceptions bave basn
moted, For axampls, Smyth et 2l [1970)
seoied the isteraction of 53 pairs of
fsdustrial chamicals based on acute
leibelity in rats. For most pairs of
compournds, the ratio of the predicted
LDy to observed LD, did not vary by
mcre than a factor of 2 The greatest
variation was ssan with an equivolumns

{1978), the relative rizk of lung
cancer attributable to smoking was 11,
while the relativa risk associated with
acbestos exposure was 5. The relative
riek of lung cancer from both amoking
and asbestos exposure waa 53,
Indicating a substantial synargistic
effect, Conszquently, in 20ma cazea,
additivity ascumptions may - -
swbsiantially cnderestimate risk. In
ethar cases, ritk may be overestinsted,
While this {s certainly an unsatisfectory
Faaitation, it {s & limitation associated
more vrith the nature and quelity of the
available data on toxicant intezaction
than with the propozed approach itsalf

IV. Mathsmnatical Modo!ls snd the
Mazsuremant of Joint Actinn

‘The simplest mathematical models for
joint action assume no interaction in
any mathematical eense. They describe
&ther dose addition or respons= ‘
addition and are motivated by data an
acute lethal effects of mixtures of two -
compounds.
A. Dose Addition

Dose addition assumes that the -
foxicants in & mixture behave as if they
were dilutions or concentrations of esch -
ether, thus the slopes of the doag-

‘responue curves for the individusl
compounds are identical, snd the
rezponse elicited by the mixture can be

obieinad. Although this assumption can
be applied to any modal (e.g., tha one-hit
madel in NRC, 1588h), it has basn moat
often used in toxicolegy with the log-
dosa probit-respores model, which will
be uszd to {llustrate the agsumption of
dosgs additivity. Suppose that two
toxicants show the following log-dosa
probit-response equationa:
Yi=034+3logZ  (IV-1)
Yimi12+3log 2 @v-2)
whera Y, is the probit response svsocioted
with a deoe of Z, (i=1,2L
The polency, p, of toxdcant-2 with
respect 1o toxicant 1 is defined by the
quentity ZifZs when Vi =Y {that is
wha} is meant by equitcxic doses). In
this example, the potescy. p, is
approximately 2, Dose addition assumes
that the response, Y, to any raixture of
theze two toxicants be predicted by:

Y=03+38log(Zi+pZe) (IV-3)

Thus, sinze p is defined as Z,/Z,
Equstion IV-3 essentially converts Ze
into en equivalent dose of Z by
sdjusting foe the differancas iia potency.
Amora g form of this
equation for any member of toxicants is:

Yaa+bleg(ieZfip)+blegZ  (TV—4)

where a is the y-intercept of the dose-
response equation for toxicant-1, b is the
slope of the dose-response lines for the
toxicants, §, is the proportion of the i*
toxicant in the mixture, p, is the potency
of the i®-toxicant with regpect to
toxicant-1 (Z,/Z,), and Z is the sum of
the individusl dozes in the mixture. A
mose dotailed discusaion of the

- derivation of the eguations for dose

zddition is presented by Finney (1971).

EB. Responce Additicn 1

Ths other form of additivily e
referred $o as response addition. As
detailed by Bliss (1638), this type of jcint
action assurnes that the two toxicents
act cn diffevent receptor sysiems and
that the correlation of individual
tolerances may rangs from completely
negative {r= —1) to completaly pesitive
{r== +1) correlation. Responsa addition
assuines that the response to a given
concentration of a mixture of taxicants
is completely determined by the
rusponsas 1o the components and the
correlation cosfficient. Taking P as the
proportion of orgenisms responding to @
mixiuce of tewo toxicants which evoke
individusl responsas of Py and Py, then

PP, frel and B3P (IV-5)

C. Interastions ..
Al of the above madsls '

noninteractive and do not allow for the

measuraments of synergistic or

_antsgonistic effects. For measuring

toxicant interactions for mixtures of two

compounds, Finney {1842] proposed the

following modification of Equation IV-4

for does addition: -

Yema, +blog (f+plo+K [phAI*Y+blogZ
(IV-9)

whers a1, b, fo. p and Z ere defined es
befors and K io the coefficient of

. interaction. A pusitive value of K

indicatss symesgiom, a nogative valus
indicetes sntagonism, and & value of |
zero corresponds to dose addition as in
Equation IV-4, Like cther proposed
madifications of dese addition (Hewlett,
19839), the equation zesumes & consistent
interaction throughout the entire range
of propertions of individual components.
To account for such esymmetric patiorns
of interaction 28 those obearved by
Alotott et al. (1573}, Durkin (1951) )
propoasd the following modification to =
Equation {V-8: ‘ '
Yosay+b log (h+ph<4-Kahiphh]* o+ Kb
(phifa]*9+blogZ  (EV-10)
in which K(pfifa)© iz divided into two
components, Ksh(pfifa)*% and Kofs{phiz}
25, Sinca K» end Ky need not have the
same sign, apparent instoncas of
entagonism st ons recepior site and
synergicm at another receptor cite can
be ¢stimated. When ¥, and Ks are equal,
Equation iV-10 reduces (o Equation [V-

It should be noted thet to cbiain o
reasonable number ¢f degrees of
fresdom in the estimation of K in
Equation IV-2 or K: and Kz in Bquation
IV-10 requires that the toxicity of
sevaral different combinations of the |
two companents must bs assayed along
with sssays of the toxicity of the
individusl components. Since thiz
requirss experiments with large .
numbers of animals, such anslyses have
been restricted for the mest part to data
from acuis binassayc using insects (e.g.
Finney, 1671) or aquatic organigms
(Durkin, 1978). Also, becauce of the
complexity of experimental design and
the nead for large numbers of animals,
neither Equation (V-9 nor Equation V-
10 hea besn generalized or applied to
mixtures of more than two toxicants.
Modiffcations of response-additive
models to include interactive terms have -
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also been proposed, along with models for promoters have becn Kuppet, L, and M.D, Hogan. 1978,
appropriate statistical tests for the proposed (.., Burnse et al., 1983) no Interactica in epidemislogic studies. Am. [
assumption of additivity (Korm and Liu,  single approach can be recommended at  Epidemiol, 1W@’=“m5& Coe
1883; W et al., 1981). this time, Lavine, R.E. 1573, Bs;mncol&gx: :Ii:ug

* In the epidemiologic literaturs, V. ’ ’ ggmﬁamﬂom.“;ton. A: Little,
messurements of the extent of toxicant - Raferezcas Mm . mmfﬁw of th
interactions (S} can be exprasazd as the ACGIH {Amsrican Conferencs of urpiy, S.0. 1 sment of the .

ratio of observed relative risk to relative
risk predictad by some form of
additivity assumption. Anslogsus to the
ratio of interacii~.. in clessical
toxicology stuaies, $=1 indicates no
interaction, S<1 inoicates synergism,
S<1 indicatss antagonism. Several
models for both additive and
multiplicative risks have baen proposed
{e.g.. Hogan et al., 1978; NRC, 12e0b;
Walier, 1978]. For instance, Rothman
{1578) has discussed the use of the
following measurement of toxdcant
interaction bassd on the assumption of
risk additivity:

S=(Ru~1)/(Re+Ree~2) (IV-11}
where Ris is the relative risk from

-compound-1 in the absence of

compound-Z, Res is the relative risk from
compound-2 in the absence of
compound-1, and Ry, is the relative risk
from exposure i6 both compounds. A
multiplicstive risk medel adapied from
Welter and Holford (1978, Eg. 4) cun bs
stated as:

S=mBu/(RwRn] =~ {V-12

As discussed by both Walter and
Holford (1978) and Rothman {1876), the
risk-additive model ia generally applied
to agents causing diseasss while the
multiplicative model iz mdre appropriate
to agents that prevent dissase. The
relative merits of thess and other
indices have been the subject of
considerable diecussion in the
epidemiologic literature (Hogen et al.,
1578; Kupper and Hogan, 1578 Rothman,
1978; Rothrsn et al., 1980; Walter and
Holford, 1978) which has not yet besn
resolved. .

- Both the additive and multiplicative
models assume statistical independence
in that the risk associated with exposure
to both compounds in combinaticn can
be predicted by the risks associated
with separate exposure to the individual
compounds. As illustrated by
Siemiatycki and Thomas (1931) for
multistage carcinogenesis, the better
fitting statistical model will depend not
only upon actual biological interactions
but also upon the stages of the dicease
process which the compounds affect.
Consequently, there is no @ priori basia
for selecting either type of model in a
risk assessment. As discussed by Stara
et al. (1983), the concepts of multistage
carcinogenesis and the effects of
promoters and cocarcizogens on risk are
extremely complex issues. Although risk

Govemmmental Industrial Hygisnists). 1633.
TLVse: threshold limit values for chemical
gabstances and physical agents in the work
snvironment with intended changes for 1823~
1984, Clocinnatl, OH. p. 58

Algiott, R.L., M.E. Tarrant, and R.B. Fomey. -

1872, The scute toxicities of 2-
methyixanthine, ethenol, and 1- ©
mathylxenthine/ethanol combinstions in the -
mousa, Toxicol. Appl. Pharmacol. 24:393-404.
Dlise, C.I 1839, Ths toxicity of poisons
applied jointly, Ann. Appl. Biol 29:585-615.
.Burna, F., R Albert, E. Altschulor, end E.

Morziz. 1933, Approach {0 risk ascesament for
genotoxie carcinogens bassd on data from
the mouse skhin initiation-promotion model.

. Baviren. Health Perspect, 50:308-320. )

« Durkin, PR. 1979, Spent chlozination liquor

and chiarophenolics: a study in detoxication

end joint action weing Daphnia mogno. Ph D.
Thesis, Syracuss. NY: State University of -
New York College of Environmental Scienca
and Forestry, p. 145, .

Durkin, P.R. 1983. An approach to the
enslysie of toxicant intersctions in the
aquatic savironment. Proe. 4th Ann. Symp.
Acuatie Toxicology. American Society for
Teosting and Matarials, p, 388401,

Finzsy, D.]. 1942, The enslysis of toxicity
tasts on mixturss of poisons, Ann, Appl. Biol.
2BR%-54

Finney, D.J. 1971 Probit analysis, 3rd ed.
Cambridgs, Great Britain: Cambridge
University Press, 333 p. :

Goldstein, A., 1. Aronow, 2nd S.M.
Kalmen. 1974, Principles of drug action: the
basis of pharmacology. 2nd ed. New York,
NY: john Wilsy and Sons, Inc., 854 p.

Gulline, P., 2, Winitz, SM Dimbeum, }.
Carafield, M.C. Otey, and J.P. Greenstsin,
1252, Studies oa the metaboliom of amine
acids and relsted compounds in vive. L
Toxicity of ezeential amine acide,
individuslly end in mixtures, snd the

protective effect of L-arginine. Arch. Biochem. -

Blophys. 84:310-332.

Hammeond, E.C. LV. Selikoff, and H.
Seidmean. 1878, Asbostos exposure, cigaratte
smoking and death rates. Ana. NY Acad..Scl.
330:473-480,

Hewlett, P.S. 1989. Measurement of the
potencies of drug mixtures. Biometrics.
25:477-487. .

Hogan M.D., L. Kupper, B. Most, and J.
Haseman. 1978, Alternative approaches to
Rothman's approach for assessing synergism

“{or antagoniam) in cohort studies, Am. J.
Epidemiol. 108(1):60-67. :

Klazeson, C.D., end }. Doull 1980
Evaluation of safety: Toxicologic svalustion.
In: ]. Doull, C.D. Klaasszer, and M.O. Amdur,
&dio, Toxicology: The basic science of
puizons. New York, NY: Macmillan
Publishing Co., Inc., P, 11~-27

Korn, E.L., and P-Y. Liu. 1983, Intsractive
effacts of mixtures of stimuli in life table
analysis. Biometriks 70:103-110

potentizi for toxic interactions smong _ .
envircamental pollutants. ¥n: C.L. Galli, S.D.
Murphy. and R. Psoletti, eds. The principleg
and metheds in moedern toxicology. i
Amsterdam, Tha Natherlands: Elssvier/North
Hollend Blomadical Press, o

NRC {Nationsl Resdarch Council). 1980a.
Drinking water and health, Vol. 3.
Washington, DC: National Academy Press, p.

. &7-28,

NRC (National Reserach Council).-1880b.
Principles of toxicological intsractions
sssociated with multiple chemical exposures.
Washington, DC: National Academy Press, p.
204,

‘OSHA (Oceupationsl Safety end Heelth
Administration). 1983. General Industry
Standards, Subpart 2, Toxic and Hazardous
Substances. Code of Federal Regulations.
40:1910.1000(d){2){i}). Chapter X Vilw=
Occupationel Safety and Heslth
Administration. p. 667,

Plackstt, R.L. and P.S. Hewlett. 1948,
Statistical aspects of the independent joint
action of poisions. Ann, Appl. Biol. 35:347-

338,

Pozzani, U.C., C.S. Weil, and C.P.
Carpentes, 3859, The toxicological basis of
threshold valucs: 3. The experimental
inhaistien of vapor mixtures by rate, with-
notes upon the relationship betwaen single
dose inhalation end singls doss oral data.
Am. Ind. Hyg. Asaoc. ], 20:364-368,

Rothman, K. 1978. The estimation of
synergy or antagonism. Am. j, Epidemiol.
103{5):508-511.

Rothmagn, K, 1978, Estimatioun versus
detection in the agsessment of synergy. Am. |
Epidemiol. 103{1}:9-11. .

Rothman, K., S. Gresnland, and A. Walter.
1830. Concepts of interaction. Am, J,
Epidemiol. 112(4}:457-475.

. Siemiatyzki, [.. and D.C. Thomas. 1951.
Blological models and statistical interactions:
An example from multistage carinogenesis.
Int. |. Epidemiocl. 10{4):383-387.

Smyth, HF., C.8. Weil, ].S. West, and C.P.
‘Carpenter, 18860, An exploration of joint toxic
action: L. Twenty-geven industrial chenvicals
intubated in rats in all possible paifa.
Toxicol. Appl. Pharmacol. 14:340-347. ’

Smyth, HF., C.8. Weil, |.S. West. and C.P.
Carpenter. 1670. An exploration of joint toxic
action: 11. Equitoxic versus equivoiume
mixtures. Toxicol. Appl. Pharmacol. 17:488~

Stara, L.F.. D. Mukerjee, R. McGaughy, P.
Durkin, and M.L. Dourson. 1583. The current
use of studies on promoters and
cocarcinogens in quantitative risk
assessinent. Envirom Health Perspect. 50:358-
358, .

U.S. EPA. 1884, Proposed guidelines for
carcinogen rick assessment. Office of Health
and Environmental Asseszment, Carcinogen
Assassment Group. Draft. S

Veldsira, H. 1958 Synergism and

potentiation with spacial reference to the




II7~8

1178 i p No. 8 | Wednesday, January 9. 1985 / Notices ..

mbhnﬁmdsmwwm
Pharmacol. Rev.

wm{.).ﬁ.!aamf. and CC, .
m:mwwfcmm&
inleractive effects

'(Dnhcopymtuydl.n.mlhwl
WHO (Wexld Health Gegaaicstion).

M&eﬂﬂdmm&wiﬁhﬂ

work sevirdesnent, WO Tech. Rept. Series

Ne, 082,

[FR Doc. 85-530 Filed 1-8-85; &45 am)

PRLIG CEN S9N-20-88 I
:



| _ | ree |
S Part Vil
T Environmental
Protection Agency
ed Guideiines for ﬁz’pasm
a Assessment; Request for |




48504

Fedzzal Registee | Vol. 48, No.

III-10

227 [ Friday, November 23, 1984 / Notices

Rl T i R

ENVIRCHUENTAL PROTECTIH

AGENCY

W

Proposnd Guide™nes for Expocure
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. AeExey: BEnvironinental Protection
Agency (EPA)

ACTIONZ Propoerd uidelings for
Exposure Assssuner. and Request for
Commants. - :

suenaany: The U.S. Eavironmantal

{Guidelines), Thezs Guidalings are
proposed for use within tha policy and
procedural framswork provided by the
various statutes which EPA administers.
to guids Agency analysis of exposura
data, We solicit public comment and
will take public comment into acoount in

Scienca Advisory
now tentativaly scheduled for April
1885,
*  Thesa propoced Guidslines ware -
daveloped as part of & broad guidelines
davelopment program under tha
auspices of tha Office of Hezlth and
Enviroemantal Assezsancut (OHEA),
. located in the Agency’s Officaof
Reszarch and Davslopment. Consonant
with the role of OHEA's Exposuze
Aszassment Group (EAG) as the
Agency's senior health committea for
Wd almmdby t, the Gnidelixées
were davelo an Agency-wide
'gxrldnzﬁ group chaired by the Directar of

g;‘;!:Cmnmhmmbmpmhnmked

22, 1963,

Assezzment, U.S, Envircumsentel
Protsction Agency, 401 M Strest S.W.,
Washington, DC 20460

POR FURTHER HIORMATION CONTACT:
Dr. James W, Faico, Telephone: 202475~
8909,

SUPPLIMENTANY KECRIZATION:
Preliminary drafts of thess Guidelines
were sent out for review to 15 scientists
and engineers in tha feld of exposure
assessment within government,
universities in the United States and
abroad, and the private sector.
Comments received from these reviews,
generally favorable, were taken into
account ix;l developing the Guidelines

ere. .
In addition, as a result of the reviesws,
four areas requiring further research
were identified as follows:

(1) Developmsnt of Mathemetical
Madal Selection Critezia. -

A lasge number of mathematical
models are used to cstimate a wids
variety of paramsters needed for
eatimating exposuses. Guidance in the
fori of selsction criteria 4re needed to
ensure that the most appropriate
mathematicel model is ugrd for sach
expagure eter estimate.

- {2) Development of Guidencs for |
Analysis of Metabolism Data.

Cuidance is needed o provids .
appropriats considsration of metabolism
daia in the calculation of whole body
dosa and in the extrapolation of whole
crganism dosz from one spacies to .
another. %

(3) Definition of the Relationship
Betwesn Exposure Assesoment and
Epidamiology. ;

Guidance is needed to ¢nsure that

- pertinent parameters of exposure are

messured in prospective epidemiologic
studies. Methods. providing the best
estimates of exposure for retrospective
and historical epidemiologic studies
must be defined. ‘

{4) Development of Methods to Relate

ures Measured by Personal

Monitoring to Source Contributions.

Guidanes is needed to ¢stablish
mathods is relate exposures as ‘
measured by personal menitoring to
controllahle seurcss and to discriminate
among possible sources and between
background and anthropogenic sources.
1t iz the Agency's intent to revise the
Guidelines periodically to incorporate
the results obtained in the four research
arees defined above as they become
available. ‘

In addition to the publication of the

- Guidelines, the Agency also will provide

technical support docurments that
contain dsteiled technical information
needed to implament the Guidelines.
‘Two of thess technical reports entitled
“Development of Statistical Diatribution
o7 Ranges of Standard Factors Used in .
Exposwre Assgssments” and
“Methcdology for Characterization of
Uncartainty in Exposure Assessments”
are currently available. Technical
reports for the four new guideline areas
described above will be available at the
time of publication of the corresponding
guideline section. These technical
support documents will be revised
pericdically to reflect improvements in
exposure assessment methods and new
information or experience.

sSupport documents used in the
prepuration of these Guidelines as well
as comments received are available for
inspection and copying at the Public
Information Reference Unit (202-382-
5928), EPA Headquarters Library, 401 M

Strest S.W., Washington, DC, between

the houre.of 8:00 a.xn. and 4:30 p.m.
Dated: November 9, 1864,

Wilkom D, Ruckelshave,

Administraior.
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1, Introduction

These Guidelines provide the Agency
with a general approach and framework
for carrying out hurnen or nonhuman
expogure assssaments for specified
pollutants. The Guidslines have been
dsveloped io agsist futurs assessment
activities and encourage improvement in
those EPA programs that require, or
could benefit from the use of exposure

. assessments. The Guidelines are

procedural. They should be followed to
the extent possible in instances where
exposure aszesement is a required
element in the regulatory process or
where exposure assessments are carried
out on a dizcretionary basis by EPA
management to support regulatory or
_prograimmatic decisions.

This document, by laying out a set of
questions to be considered in carrying
out an exposure assessment, should help
avoid inadvertent mistakes of omission.
EPA recognizes that gaps in data will be
common, but the Guidelines will
nevertheless szrve to assist in
organizing the data that are available,
including eny new data developed as
part of the exposure assessment. 1i is
understood that exposure assessments
may be performed at many different

levels of detsil depending on the scop
of the assessment. ;
These Guidelines should alse promote

consistency among varigus exposure
assesament activities thet are carried
out by the Agency. Consistency with

t to common physical, chemical,
and biological parameters, with respect
to assumptions about typical exposure
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situaticns, md with respsct to tlm
charecterization of eneestainty of
estimatas, will eahases the
eompmbimy of resulte snd snshls the
Agency {9 impicve the state-ci-the-aet af
expogure asgesomesat over tine thmugh
the sharing of commeon data and
experiencas.

It is recognized that the main
objective of an suposure assosament is
to provide reliable iats and/or

" gatimates for & vivk 2.39ssment. Since 8

risk assesement roguires the coupling of
exposure information and toxdcity or
effscts informaton, the exposure
assasement procezs shovid be
coordinated with the toxicity/effscts
asgassmant, This decoment provides e

. common approach to format, which

should simplify the process of reading
and evaluating exposura sssessments
snd !hamby increses their wtility in

Mﬂbam&dmr&ﬂw&smsﬁtoﬁ
@xperiencs.

. IL Gendral Guidelines and Princples

A. Exposure and Dage
Expozuse bos boea defined by

" Committea E~47, Bieleginei Effscts and

Enviroamental Fate, of the American
Socioty for Testing end Matsrisls, ag the
contact with a chewics! o2 phyeicel
agent. The magnitude of the exposze is
determined by measuring or estimating
the smount of en agant available et the

" exchange bourderies, La., lungs, gut.

ﬁkm.du:im wmmﬂﬂeﬂﬁm&

dctemimtﬁ@mea@matﬁoﬁ {gualitative
o2 quantitative) ef ibs megnitnde,
, dueating, emimtsef

exmaza.zxp@sm msm&s my

- nhvuyﬁngtsd@ for
sxposures wi nucs
each phags, i.e, modsling of hstnre
exposures,

combinad
with enviroamentel and health effects -
data in pesrforming rizk asscssmenta.

In considering the exposvrs of &
subjact to & hazerdous agest, there are
several related procesess. The contact
betwean the subject of concern and the
agent may lead to the intaks of some of
the agent. If abzorption occurs, this
constitutes an uptake (or an absstbed
dose} which then may lead to heslth
effects, When biological tissue or fluid
messurements indicate the pressace of g
chemical, exposures can ba sstimated
from these data. Prescaca of a chemics]
in suck biological samples io the most

direct indication that en exposure has .

eceurred: The route of sxnosure
gansrally impacts the overall exposura
end should ba considered in perfoming
risk sssessments.

8. Decisica Path taﬂetemunc&'copeof _

the Assegzmant

The ficst step in prepuins, an .
exposure asssssment should be the

circumscription of the pmhlem at hand
* to minimize effort by use of .

process. A decision logic pntk that
describes this process.is shown in
Figurs 1, As illustrated in Pigure 1, the
preliminary assessment and the in-depth
asgessment ara two major phases in this
logic path.

The preliminary sssescment phase
should commence by considering what
risk is ung:r study and wtgat law might
regulats. the exposurs to the agent.
Within this framowork, & preliminary

. dats basa should be compilad from

readily available scientific data and
axposure information based on
manufsctures, processor, and user
practices. Next, the most likely areas of
expesure {manufacuring, processing,
consumer, distribution, disposal,
ambient, water and feoed, ete.) should be
identified. Sincs a complete data search
bes not hoen conducted, woll-identified
assumptions and order of magnitads
eatimates are used to fucther narrow the
gxXposurs arazs of concern.,

CTTANRY IR BIWIIE Mt
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Dats from this preliminary exposure:
assesemsnt can then be coupled with
toxicity infermation to perform a

preliminary risk analysis. As a result.of
this anelysic, a dacision will be made

that gither an in-depth sxposure
asgessment i nacessary or that there-is
no need for further axposure
information. The organization and: °
contents of an in-depth exposure

assegcment are given in the following
section,

In aseembling the lnformat!on base for
sither a preliminary assessment or a
more detailed assessment, its adequacy
should ba sscertrined by addreasing the
following considerations:
~=Availability of information in every

groa neaded for an adequate

assessment;
—CJuantitative end qualitative nature.of
the data;
~Reliability of information;
—Limitations oa the ability to assess

exposure.
C. Uncertainty

Exposure assessments are based on
monitoring data, simulation model
estimates, and sssumptions about
paramaters used in approximating
sciusl exporure conditions. Both data
end assumptions contsin varying
degreas of uncertainty which influence
the sccuracy of exposure sesesaments.
An evaluation of these uncertainties is
important when the asescement is the

. basis for reguiatory ection.

The ancertainty enelyses performed
will vary depending omn the scope of the
sssesement, the quantity and quality of
monitoring data collected, and the type
and complexity of mathematical modela
used, A diecussion of the types of
analysis used for guentifying
uncertainties in expesures is prosented
in the next section.

mm@mmmmmam
Exposure A

A. Overview

A raggested outline for e exposure
asseasment document is given in Exhibit

. 1. The five major topics o be addressad

within most exposure asscssments ara
as follows: Source{s); Exposure
Pathways; Monitored or Estimated
Concentration Lavels and Duration;
Exposed Population{s}; and Integrated
Expasure Anelysis. These five topics are

. appropriete for expogure assesements.in

general, whether the asgessments are of
global, national, regional, local, site-
specific, workplace-related, or other
scope. The topics are appropriate for
exposure ass2gsments on new or
existing chemicals and radionuclides.
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‘Thyy are also applicable to both single
media and multimedia assezzments,
Since assezsmants ara

at different levals of detail,
the extent to which any asrsaemont
coatains items listed in Exhibit 1
dapends upon its scope. The cutlingis a
guide to organize the date whansver
they are aveilable,

B. Detailed Explenation of Outling

1. BExocotive Suramary

The “Executive Summary™ should be
written: so that it can stand onits own
as & ministura report, I!s main focus
shouid be on a succinet deccription of
the procadures used, arcumptions
employed, and summery tables or charis
of the results. A brief discussion of the
un-uctainties associated with the rasuits
skould be included.

* 2. Introduction (Purposa and Scopa)

This section should stats the intended
purpose of the exposure aszezement and
identify the agent being investigated, the

. typesofsourcesande routes
included, and the populations of

{2) Description of technical grades,
umkunts. additives

idcnﬂfyingchrscurlmu
b.&mhlmd?hyda!?mmﬁu
4 SBOURCES

a. Cheracteriration of Production and
)Prggmwmmd
peocsosing
mmmmmm
b Uses
c Diapdssl
d. Suximery of Envirenmental Relzcazes
& EXPOSURE PATHWAYS AND
ENVIRONMENTAL FATE
a. Transpoet and Transf{ormation
b. Sdentification of Principal Pethways of

Exposure
¢ Predicting Environmental Distribution
6, MONITORED OR ESTIMATED .
CONCENTRATION LEVELS :‘
&, Summary of Monttoring Data
'b. Zstimation of Envircnmentsl
Concentrations
c. Comparison of Conceniration Estimates
with Monitoring Data
7. EXPOSED POPULATIONS
I-m!'imuunbm Populations (Size, Location, and

(1) Population sizs end charecieristics
{2} Populstion locatica :
{3} Population habits
3. INTZCRATED BXPOSURB ANALYSIS
8. Calculation of Exposurs
(1} Idsntification and cherscterization of
the exposed populations and cnﬁcal
elamsnis of the ecosystem
5. {2) Pathways of

d. Bvaluation of Uncsertainty
. REFERENCES
10, APPENDICES

3. Genersl Information

2. Identity. (1) Molecular forinula and
structure, synonyms, Chemical Abstract
Sezvice number, Toxic Substarics List
number,

(2} Description of technical grades.
contaminants, additives. ‘

{3) Other identifying charactaristics.

& Chernical and Physical Properties.
This subsaction shouid provide a
summary description of the chemical
and physical propesties of the agent.
Particular attention should be paid to
the features that would affect its
behavior in the environment. Examples
of factora to ba included are molecular
weight, dznaity, beiling point, melting -
point, vagor pressure, solubility, pKe
partition cozfficients, and half-livae.

4, Sources

The poinis at which a hazardous
substance is believed to enter the
environment should be described, along
‘with any known rates of entry. Points of
enfry may bs indoors a3 well as
outdoors, and environments include
indoor settings guch ss offices 2o well ae
outdoor environments. A dstailed
expesure assessment should include a

" study of scurcss, production, uses,

destruction/disposal, and environmentsl
releass of a substance. The studies
gshould include a description of human
activities with raspect to the substance

and the environmentsl releases resulting -

from thoze activities. It should account
for the controlled mass flow of the
eubstance from creation to destruction
and provids estimates of environmental
relenses at cach step in this flow.
Seasonal variations in environmental
releases should also be examined. All
sources of the substances should be
accounted for with the sum of the uses,
destruction, and -the environmental
releases. The environmental releases
can be described in terms of gzographic
and temnoral distribution and the
receiving snvironmental media, with the
form identified at the various rislease
points.

a. Characterization of Produztion and
Distribution. All eources of the

. prodectica, extraction, processing,

subatance's relouse to the environment,'
consistent with the scope of the ( ‘
agezssmant, should be included, such as

imperte, stockpiles, transportation.
accidentalfincidental production as a
side reaction, and natural sources. The
scurces should be located, and activities *
involving exposure to the substance
should be identified.

b. Usaa The subsisnce chould be

" traced from itz souscos through varicus

uses {with fusther follow-up on the
products mada 1o determine the
presence of the origine] material as an
impurtiy}), exports, stockpile mcxeases.
etc.

¢. Disposal. This subsection should
contain an eveluation of disposal sites
and destruction proceases, such as

" incineration of industzial chemical

wastes. incineration of the substance as
part of an end-use item in municipal
wagte, landfilling of wastes, biological
destruction in a secondary wastewater
treatment plant, or destruction in the
process of using the end product.
Hazardous coniaminants of the
substance may be included, and
products containing the substance as a
conteminent may be followed from

produgtion through destruction/
disposal.

&. Sumumary of Environmontal

' Releazss, Estimates should be made of

the quantities of the substances released
to the various envircomental media.
Scurces of releage to the environment
include production, use, distribution/
tranaport, natural sourcas, disposal, and
contaminstion of other products.
Environmesiial releages should be
presenied at & reesansbles level of detail.
Extremely datailad escposure estimates
would attesapt io spscify the following
information for aach significant .
emission source: Locution, amount of the
substances boing relecssd as a function
of time 1o e2ch environmental medium,
physicel characteristics of the emission
source, and the physical and chemical
form of the substance being released.
Evalustion of the uncertainties
associated with the emission estimates
should be given. A detailed discussion
of procedures for estimating unca-rtamty
is presented in section 8.d.

5. Exposure Pathways and
Environmentsl Fate

"The exposure pathways section
should addvese how s hazardous agent
moves from the seurce to,the exposed
populsiion oF subjoect. For a less detailed
essessmant, beeed generalizations on
envirenmontal pathways and fate may
be mada. In the abeence of data, e.g. for

. new substances, fate estimates may
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have to be pradicted by mlcgyv-wiih '
data from other substences. Fate
estimates may ales be made by using
models and/or monitoring deta and
laboratosy-derived rate
coefficients. At any levael of detail,
certain ps!hways may be judged

insi and not pursusd further.

For more detailed sesesements
involving enviror: wenlsl fate, the .
sourcss snalysis de.cribed previcesly
should provide the cmount and rats of
emissions to the envircament, and
possibly the locations and form of the
emissions. The eavironmental pathways
and fate analysis follows the substecce
from ite point of initial.envirenmental
release, through the snvircnment, to its
ultimate fate. it may result in en
estimation of the geographic and .
temaperal distribution of concantrations
of the substance in the varicus

.contamineted envircamental media.

a. Transport and transformation. The

.substence, oncs released to the
environment, may be transported (6.9,
convected downaiream in water of on
suspended gediment,-through the
atmosphere, etc.} o physically
transformed (e.g. volatilized, mslted,
absgorbed/desorbad, ete.) may undsrge
chemical ranzformation such as
photoysis, bydrelysia, exidation.
reduction: may vadergs .
biotransformation such as
biodegradation; or may acsumulats in
one or mora media. Thus, the
environmental behavior of a substance
should be evaluated before exposuses
are assessed. Factors that should be
addressed include:

.o How does tha egent behave in aip,
watar, 0il, and biolegicel media? Dass
it bisgceumulate or biodagrede? Is it
absor&d or taken up by plmaas?

° What ars the princips! me: grag
for change oz ramoval in each of tb.s
,envimnmemml media,
-~ Does the agsent react with other
compounds in the environment?

. o Is thers intermedis transfer? What
are the mechanisms for intermedia '
transfer? What are the rates of the
intermedia transfer or reaction -
mechanisms?

» How long might the agent remain in
each environmental medium? How does
its concentration change with time in
each madium?

° What ars the products into which
the agent might degrade or change in the
environment? Are any of thesc
degradation products ecologically or

biologically harmful? What is the

--environmental bebavior of the harmfil
products? _
"o Ig a steady-state concentration
distributior in the environment. or in

" specific segments of the evironment,

e

schieved? If aot. can the nonsisady-
state distribution be dsscribad?

s What is the resultant distribution in
the environment—{or different medisa,
differant types or forms of the agent, for
different goographical ereas. st different
times or segsona?

b, Identification of Principal
Pathways of Exposurs. The principal
pathway enalyais should evaluste the
sources, locations, and types of
envircnmental releeges, together with'
environmantal behavioral factars, to
datermins the eignificant routss of
human. esd environmental exposure to
the substanca. Thus, by listing the
important characteristics of the
eavironmental release {entering media,
emission rates, etc.) and the agent’s
behavior (intermedia tranefer,
peraistence, etc.) afier relonss to each of

the entering madie, it should be possible

to follow the movement of ths agent
from its initial releass toits mbaequent
fate in the snvironment. At eny peint in
the environment, human.or
envizonmantal expositrs may ocour.
Pathways that result in major
concaatrations of the agent and high
potentist for human or environmental
cvatact age the principal exposure

pamwsy&

Environmental
B&eﬂ&zﬂmm Models may be usaed to
predict environmental distributions of
chemicale, Many modsling estimates of
environmental distribution of chemicais
are based in part on monitoring data. In'
predicting envircnmental distributions
af ckemicals, svailable monitoring deta
should bo considered.

In this seetion an sctimation is made,
uging appropeiate madels, of
reprsseniative concentvations of the
egent in differsnt envircamental madia,
and its ime-dependences in specific
geographics] locations (e.g.. Hver besins,
sirsamse, ete.).

6. Monitored or Estimated Concentration
Lavels

a. Summery of Mogitoring Data.
Monitoring data are used to identify
reienses (source terms) and, in the
exposuze pathwaye and fate
agsesaments, {0 quantitatively estimaia
both releace rates and environmental
concentrations. Some examples of uses

. of monitoring data are: Sempling of

stacks of discharge pipes for emissions
to thes eavironment; testing of products
for chemical or radicnuclide contants
tesxing of products for chemical or
radiosctive releases: sampling of
appraepriete points within a
manufacturing plant to detezmins
relerass from industrial processes or
practicss; and sampling of solid waste

for chemical or radionuclide content.
These data should be characterized as
to accuracy, precigion. and
reprassntativeness. If actual
environmental monitoring data are
unavaileble, coacentrations can be
estimated by various means, including
the use of {ate models (see previous
gection} or. in the case of new
chemicals. by enalogy with existing
chemicals.

The analysie of monitoring data
ghould be considered a complement to
environmentai pathway gnd fate .-
analysis for the following reasons: For

‘moat polluiants, particularly orgenic and

new chemicals, monitoring data are
Iimited; analysis of monitoring data does
not often vield relationships between
environmental releases and
environmental concentration
digtribution in media or geographic
locations that kave not been monitored:
analysis of monitoring data does not
provide information on how and where
biota influence the environmental
distribution-of a poliutant;: and
monitored concentrations may not be .
tzaceabls to individual sourees that EPA
can reguiate. Monitering data are, :
howaver, a direet source of information
for exposurs enalysis and, furthermors,
thoy can ba used to calibmate or )
extrapolste models or calsulations te
esse3s envircomestal distribution.

b, Estimation of Environmenial
Concertrations. Concentrations of
egents shouvld be estimated for all
environmental media that might ]
contribule to significant exposures. -
Gensrally, the environmental -
concanizaiions ere estimated from -
moniiosing dala, mathematical modals,
or a combination of the twa.

The concenftrations must be estimated
and prosented in & fosmat consistent
with availebls doss-responss
informaticn, In comme cages an cotimails
of annual averags concentration will be
sufficient, whils in othee caces tha
tomporel distributicn of concentrations -
may ba required. Future envircamental
concentrations resulting from current or
past relessss may aleo be projected. In
gome cag3s, both the temporal and ‘

. geographic distributions of the ’

concentration may be suseszed.
Morsover, if the egent has natural
sources, the contribution of these to-
environmental concenirations may be
relevent. Thess “background” -
concenteations may be particularly
important when the results of tests of
toxic effects show e threshold or ’
distinstly nealincar dose-response. -
The varerinintios essociated with the
estimated concenteations should be
svalusted by en analysis of the -
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precedanca over estimated values
whenever significs-.. Ylscrepancies axe

7. Exposad Populations :

Populations salectad for study may be
don2 g priors, but y the
populations will be identifizd as a resalt
of tha sourcss and fets studies, From an
analysis of the distribution of the agsnt,
populations convected ernd
f;g};opn;-uom (Le. eolg;thmm l‘fs

ecte) at potentiaily expiosure
can ba identified, which will then form
the basis for the populatians studied.
Subpopulztions of high ssnsitivity, such
as pragnant woman, infants, chronically
ill, stc., may be studied separataly.

In many ceses, expozed populations
can ba deseribed o:}y generaily, In some
cases, however, more specifis
infonmation may be aveilebla cn matters

1euch as the following:

&. Humoen Populations, (1) Populatios:
size and charocteristics (e.g., trends,
sex/oge digiribation)

{2) Population location

{3) Population habits-—transportation
habits, eating habits, recreaticrnal habits,
wt:‘rkphce habits, product uzs habits,

.

b. Nonhuman Populations (where
appropriate). (1) Populatica size and
cimctadnﬁcs (e.g.. spacies, trends)

{2) Population location

(3} Population habits

Cansus and other survey data may be
used to Identify and describe the
population expoced to varicus -
contaminated environmental media,
Depending on the charscteristics of
available toxicological data, it may be
appropriate to describe the exposed
population by cther characteristics such
as species, race-age-sex distribution,
and healith status,

8. Integrated Exposure Analysis

The integrated exposure analysis
combines the estimation of
environmental concentrations (sources
and fate information} with the
description of the exposed population to
yield exposure profiles. Data should be
provided on the siza of the exposed
populations; duration, frequency, and
intansity of expomire; and routes of
+ exposure. Exposures should be related
to sowces.

-

For mose detailed azesscmants, the
catimated envircamentel concentrations
ghovld ba concidared in conjunction
with the seographic distribution of the
human ard environmental populations.
The behavioral and biclogicsl
charactaristics of the

~ populstions should be considered and

the exposuras of populaticns to varicus
concentration profiles should be
estimated. The rssuits cen bs presanted
in tabular or graphic form, and ea
estimate of the uncertainty aseociated
with them should he provided,

. & Calculations of Exposure. The
colculation of eXposure involves two
mojor aspecis: : Co

(1) identification of the Exposed
Population and Critical Elements of the
Ecosystem. ‘

The estimate of environmental |
concentrations also should give the
goograhical arsas end envirenmental
media contsminated. The stated purpose
ofiths assezament should have
praseribed the humen and
environmental subjects for which
exposures are to be calculated. If the
subjects are not listed, the contaminated
geographical areas and environmental
media can be evaluated to determine
subject populations. The degres of detail
to bs uszd in defining the exposed -
populntion distribution depends on the
concentration gradient cver geographic

(2) Idzntification of patliways of

exposure. 4

{a) Identification and description of
the routes by which the substances
travel from production sita, through
uses, through envircnmental releases/
sources, through tzansport and fate

£33, to the target population.

() Quentitative estimates of the

smownts of the chemical following each

exposure pathway. Such estimates allow

the various pathways to be put in the
perspective of relative importance.
From the geogrpehic and tempral
distribution of environmental )
concentrations, the exposed population,
the bahavioral characteristics, and the
critical elements of the ecosystem,
exposure distributions can bé estimated.
The results of exposure calculation
ghould be presented in a format that is
cansistent with the requirements of the
dose-response functions which may
later be used in a risk assessment. For
example, when health risks caused by
expooure over extended durations are
considersd, average daily exposure over
th= dnration of exposurs usually is
caicuiated. When lifetime risks are
considered, average daily exposure over
a lifetime usually is caiculated. In
centrast, when health riske caused by
exposures cver short durations are

conaidored, exposure rales are
calculated over short time intervale to :
ensurs that poak ricks.are defined. -
Many exposure assesoments ave based - ..
on the aversge EXPOSUNS CCCWITING over
the exposue psriod. The range of
possible expozures is usnally divided
into intervals, and the exposures within >
ezch interval are counted, The rouslts
can be presaated in 2 tabular form or as
a histogram.
Ths population residing in e apecific
geogrephic ares may be exposed to &
substence from seaveral exposure routes.
For each expasurs routs, exposurs of .
individenis in: these populations may be
determined by snmming the contribution
of all spurces o the expasure routs.
When supoesurss invelve more than one

routa, the relative amounts of

-a substence absorbed is ususlly route

dependent. Coensequently, total
absorbad duse estimates must acsount
for thesa diffaronces. Because EPA
regulates sources of releases, the
contribution to exposures from each
type of source being considered should
be digplayed. Exposure estifnates should
be presented for each significant
expogure route (.8, those routes
consistent with the regulatory purpcse),
and the results skould be tabulated in
such & way that total externaily applied
and absoched dose can be determinad. -

b. Human Desimetry and Monitoring. -
Biologica! monitering of human bedy —_—
fluids and tisames for substances or their
metabolites can be used to estimate
curren! or past exposure to chemicals.
When analytical methods are available,
chemicals that have been absorbed inte
the body can be measured in body
tissue and fuid. Suck measursments can
be used to estimate expesure. However,
the substeness 1o which humans are
exposzd ere highly variable in the
degre to which they leave in the body
relisble indicators of exposura.
Furthermoze, slthough a compound may
be relatively easy to detect in body
tissue, for some compounds, attributing
body burdans ta epecific environmental
releases may be difficult because of
limited ability to obtain enviroumental
monitoring data.

¢. Development of Exposure Scenarios
and Profiles. Depending on the scope of
the exposure assessment, the total
exposure may be fractionated into one
or more “expoeure scenarios” to
facilitate quantification. As en example,
Table 1 lizis seven very broad scenarios:
Ccrupational, Consumer,
Transportation, Disposal, Food, Drinking
Water. sand Ambient, For each of the
scennries, the saajor topics necessary to
quantify expesure include sournes,
pathways, menitering, and population
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charsacteristics. Inmﬁgfaﬁen of only one
scenario may be necessary for the scope
of some assasements. For exampls, a
pesticids application exposure
assessment may consider the .

eccupational scenario which would
2addrass the exposure to applicators and

 populations in the vicinity of the eite. An

eXposura assessment around 2
hazerdous waste site may focus on the

disposal scsnaric. The exposuéa
assessment also may considar other

-sconarios. The more extensive and

comprehensive the ecope, the mors
scenarios ars usually inveolved.

Tm!.mﬁmmmsmwmussmmem

subpopulations, sincs the indiwidml °
scenarios useally treat exposurs by
subpopulation. Therefora, ths
integration of the scenarios, or
integrated exposurs analysis, will often
result in ap exposurs profile.

For each expozed subpopulation,
exposure profiles should includs the size
of the group, the meke-up of the group
(age, sex, eta.), the source of the ageat,
the exposurs pathways, the frequsacy
and the intensity of axposura by sach
route (dermel, inbalation, ste.), duration
of exposure, and the form of the agent
when exposure occurs. Agsumptions

-and uncertainties associsted with each
gcenario and profile should bs ciaaxiy
discuased.

d. Evaluam.m of Uncsrtaingéy. (1}
Introduction. Often an exposure
assessment progresses through ssveral
stages of refinement. The purpose of
these Guidelines is to present methods
appropriate for characierization of
uncertainty for assessments at various
stages of refinement, from assessrments
based upon limited initial data to thos&
based upon extensive data. -

The appropriate method for
characterizing uncertainty for an ,
exposurs assessment depends upon the
underlying perameters being estimatad,
the typs and extent of data available,
and the estimation procedures utilized.

Ar expocuse ascessmant quantifies
cnntact of a substancs with affected
population members (human or
nonhuman subjects). The measure of
contact {e.g., environmental level of
absorbed dose) depends upon what'is
nseded to predict risk. An integrated
exposure assessment quantifies this
contzct via zll routes of exposure
{inhalstion, ingestion, and dsrmal) and
all exposura pathways (e.g..
ecoupational exposurs, exposurs from
consumption of menufactured goods,
ete.). The expased-population gensrally
is partiioned fAito subpopulations cuch
that the likely exposure of sll members
ofa suhpopu!aﬁon is attributable to the
same gources. The exposure for each
member of & subpopulation is then the
sum of exposures over a fixed set of
sources and pathways. The measured or
estimated exposures for members of 2
subpopulation are ideally used to
estimate the subpopulation distribution
of exposure or characteristics thereof,
However, a lack of sufficient
information sometimes precludes

- _ estimation of the subpopulston

distributions of exposure and only
svtenary messures of this distribution,
such 25 the mean, minimum, maximum,
stc., ora estimated. In each case
characterization of uncertainty for the
exposure agsessment primarily

Conmanar et 1529 & chorisnd o | Consersion rlas oAl gl | Rindies) ond ehamissd | & Lovmis @ g Resses.
t2en emass ik pradus, sl 5 rolacee roNes, mogals - ’
TSR CREN SETCE VY EE IR cosnme) PERSITRS 67 ZoERNcn e Yaronor | Plsical end choamicel procaties, | Stormen, woriava, | Relsnsss, embinm iovale.
) et mogein i wpiis. exvisonmmntal (S5 mocinia, penaral popuislicn in gres.
Disssen Gnchedo Biiearaton, x| Matsrals baierze Gispmast | Fa witvs dspos prossaw o | Workers ot 543 of cioposs, B A tovels & point
s ] s, v s s e | anmemed 209 of  releseex araund sie. wthin preceTe, bl leveia
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It will usually be advantageous in The uncsriainty of interest is always addresses limitations of the data ‘and the
performing an exposure gs3qzsment to with regard to the population . estimation procedures. The proportions
identify exposure scenarios, quantify the characteristic being estimated. For of the population members in the
exposure in each scenaric, and then - example, when the population individusl subpopulations are uzually
integrate the scenarios to estimate total  distribution of exposures is being estimated and can be used (by
exposurs. In this “integrated exposure estimated, characterization of combining estimated distributions for
analysie,” summation of mdsp@adem enceriainty addresses the possible the subpopulaticns) to estimate the
exposvres kom diff; scanaric differences betwosn the estimated - distribution of exposuz= for the total
{keeping exposvra routes wpmt&] ofien  distribution of exposure and the true tion. Uncertainty concerning the
will result in a breakout of exposure by  populstion distribution of expestse. sgizes of the subpopulations should ba

addressed by discussing limitations of
the dats and estimation methods as well
es by tabulating confidencs interval’
estimates for the populsation sizes
whenever possible.

{2) Assessmenis Based Upon Limited
Initial Data. The initial exposure
assessment for a aubstancs may be
based upon limited data for exposure
end/er input variables for an exposure

. prediction model (i.e., an equation that

exprasses exposurs as 8 function of one
or more input-variablas). These data
might be either extant deta or data
produced by aa initial small-scale study.
The initial limited data frequently ase
insufficient to permit estimation of the
entire distribution of exposure. Instead,
summary measures of this distribution,
such as the mean, minimum, and . -
maxirnues, are usuelly estimated. -

If the assessment is based upon
measured exposures, the methods used
to characterize uncertainty depend -
mainly upon whether ornot the data
result from a probability sample for
which the probability of inclusion is
known for each sample member.
Characterization of uncertainty for-an
asgessment based upon a probability
sample of exposuras is discussed later
in section & d. (5). If the measured .
expesurss are not based upon a
probability sample, acknowledgement
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that no strictly valid statistical is placed oa chocsing a summary . discussed ebovp. Sensitivity to mpdel
[nferences can be meds beyoud the paremater of the expoeurs distribution foemulation could also ba investigate
units actually in the sample is one ;e.g.. the mean or percentile) as the basis by estimoting the distributionof -, -, -
aspect of tha charactarization of or a regulatory decision. Refining the exposure that results fromi using the -
If inference procodures ar@  exposire assessmant to estimate the same uniform ingut variable o

implemsnted. the assumptions upon
which thesa inferances are based (e.5.
traatment of the sample as if it was a
simple random sample, or agcu
an underlying modsl) should be
mmﬂ and jnstified. The data
mathods a+ d inherent
Hmitatiors of the Gate should also be
discogsed,

An initisl exposurs agsessmoent also
may ba based upon limited data, such as
eatimated rangea, for input variables for

. an exposure peediction modsl. The
exposure prediction madel wanld be
derivad from a postulated exposure
scenario that describes the pathways
from sources to contact with papulation
mambers. f tha data were only
sufficient to support estimates of the
ranges of ths input varigbles, the

mdﬂvuyawysi:.%‘ o hmit:;l °
a purpcas
the sensitivity anslysis would be to
identify influentizl madel input
variahies and davelop bounds on the
distribution of exposure. A sansitivity
analysis would estimate the range of
mﬁ that would result as .

modal input variables wee
varied from their minimura to their -
maximym Mmib]n values with the ather
foput held st fixed valees, o.g.
their midranges, The overall minimum
and maximum possible exposures
usually would be estimated also. For an
exposure assessment of this type, the
uncertainty would be characterized by
describing the limitetions of the data
usad to estimats plausible ranges of
maodal input varisblcs erd by discussing
fustification for ths modsl. Justification

of the n:iodalo;htg;ﬂd include a

description exposure scensrio,
chaolce of mode! Input variables, and the
functional form of the model. Sensitivity
to tha model formulation alzo can be
investigatad by replicating the
sensitivity analysis for plausible
alterpativa models.

I the maximum possible exposure
estimated by the sensitivity analysis
presented no significant health risk,
thare might ba no need to refine the
assesament. if both the minimum and
maximum exposures presentad a
potentially significant health risk, it
would be known that the exposure
scenario represented a significant haalth
problem without refining the
assessment. When the minimum
exposure estimate does not present a
potentially significant health risk and
maximum dosa, then greater importance

distribution of exposure permits
saiection of any summary parsmeter
(minimum, maximum, mean. oF
percantile, ete.) as the basis for
regulatory decision. .

‘Tha sensitivity analysis can be .
enhenced by computing the predicted.
exposuras that result from sl possible
input veriable combinations. If sach
input varisble has only a finite set of
posgibla values, ths set of all posrible
combinations of the input variables can
ke formed, and the predictad axposure
czn be computed for each combination.
These exposure predictions can be used
ta form a distribution of expesures by
counting the number of occurrances of
ezach exposure level or interval of
exposures. Thia is equivalent to
eatimating the distribution of exposures
tHat results from treating all input
variable combinations as equally likely.
This procadure can alse be applied by
discretizing continuous input variables
end reprezeating them by squally~
spaced points. In the limit, as the equal
spaces become amall and the number of
poifits becomes large, the distribution of
exposuee the! results from counting
ocmmrences of exposure levels is
equivalont to estimating the distribution
of expooures thet sesults from
statisticaliy-indepondent, coatinuous
input variables with unifori :
digtribations on the estimated ranges.
This estimated distribution of exposure
velues can be produced by the methods
of mathsmatical statistics or Monte
Carlo simulation. The Monte Carlo
method consists of randomly generating
input variate values and ueing theee to
compute cormrgsponding expogure levels,
generating an expasure distribution vis
many iterations. Interpretation of
ststistics basged upon this excposure
distribution would be in terms of the
equally lixely input variable
comzbinations. For example, the 85th
porcentile of this distribution would be

- ths exposure level exceeded by only 5%
of the exposurzs resulting from treating
ail combinations of input variable
values as equally likely. Although this
distribution of exposures cannot be
interpreted as an estimate of the
papulation distribution (unless the input
variables actually are statistically
independent and uniformly distributed].
it provides additional inforrhation for
makiny regulatory decisions.
Characterization of uncertainty would
include a discussion of limitations of the
data and justification for the model as

distributions with plausible alternative
models and comparing the estimated - .-
percentiien, . RIS
(3) Assazements Based Upgn . ,
Subjective Estimuaiss of Input Variable
Distributions. 1f e model haa been  +
formulated that expresses exposurs é8 a
function of one or more input varizbles,

 the methods of mathematical statistics

or Monts Carlo simulstion can be used

'to estimate the population distribution

of exposure from an estimate of the joint
distribution of the modsl input

. variables. Idsally medel input varinblas

should bs represanted by empirically
validated probability distributions. In
scme casss, it may bs possible o
formulate an estimate of the joint
distribution of medel input variables
from discussions with subject-maiter.
experis (e.g., via histograms for
statistically-independent input
variables]. The estimated populaticn
distributicn of exposure will be
equivalent to the distribution discussed
in section 8. d. (2) for equally likely
combinations of input variable values
only when the input variable
distributions eupporied are independsnt
uhiferm disiributions. When qualitative
knowladge of input variable
distzibutions is ued to-gstimate the
population distribution of exposura,
uncertainty is characterized by
discussing justification for the presumed
mode! and input variable distributions.
Alternative models and/or aiternative
input variable distributions also should

be Sensitivity to these
alternativea can be investigated by

estimating the distributions of exposure
that-rezult from pleusible alternatives

- and compering tha percentiles of the

estimatad expooure distributions. All
available data, even if data ere limited,
should be usad to validate the presumed
input variable distributions and the
predicted distribution of exposuss. .
' (4) Assesements Based Upon Data for
Mode! Input Voriables. The exposure

~ asesegement based upon an estimate of

the joint probability distribution for
model input variables can be refined by
collecting sample survey data for model
input variables for a sample of "
population members. The population

- distribution of expasure can then be

estimated by computing the expected
exposure for each sample member based
upon the medel. These expacied
exposures cen be used to directly
computie confidence interval estimates
for percentiles of the exposure

»
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distribution. Alternativaly. the sample
survey dala can be usad to compute
joint confidence inierval estimates for
percentiles of the input veriable
distribution. which can then be used to
nerate confidence intsrval estimates
or percentiles of the exposuse
distribution. In sither cass, the interval
estimates for percentiles of the exposure
distribution are a ussful quantitative
. characterization of v~ <artainty.
Characterization of unscartsinty for the
exposure assessment wounld contsin a
thorough discussion of limitations of the
data and justification for the model used
. to computs expected exposures. The
design of the sample survey used to
produce the data base should alse be
discussed. If a probability sample were
not used, the lack of a probability
sample would be an additional source of
uncertainty. Any assumptions-ussd in
computing the confidencs interval
estimates, such as independence of
model input variables, should be
explicitly stated end justified.
Sensitivity to model formulation can be
investigated by estimating the
distribution of exposure for plausible
alternative models and comparing the
estimated percentiles, if sample survey
data have besn collected for the input

variables of the alternative. models.
Appropriste available data for exposure
should be used to validate the predicted
distribution.of exposure, If specific
probability distributions have been
presumed for:any model input variables.
the data for these variables should be
used {9 test for goodness of fit for.these
distributions.

(S) Assessments Based Upon Data for

‘Exposure. A major reduction in the

uncsriainty associated with.an exposure
assessment can be achieved by directly

measuring the exposure for.a siifficiently -

large sample of members of the affected
population. This reduction ia .
uncsrieinty is achieved by eliminating
the uss of a model to predict exposure.
The measursd exposure.levels canbe
used to directly estimate the population
distribution of exposure and confidence

‘interval estimates for percentiles of the

gxposure distribution. Direct confidence
interval estimates alzo.can be computed

- for.other characteristics of the exposure

distribution, such a3 the mean exposure.

These confidence interval estimates
are then the primary characterization of
uncertainty for the exposure
assessment. Limitations of the data and
design of the sample:survey used to
collect the data also should be

discussed. If the sample was not:a
probability.sample, this would again be
-an ‘additional source-of uncertainty.

(8): Summary. A summary of ths
primary methods recommended for

-characterizing uncertainty.in exposure -

.assessments is presented in Table 2.

‘Virtually -all-exposure.aseagssments. -

except those based uponmeasured .
expaosure levels for-a:probability sample

-of population members, rely upon.a

‘model to predict-exposure. The model
msy be any mathematical function.
.simple or complex, that expresses an

-individual's exposure as-a function of
.one or more input variebles. Whenever

-a-model that has not been validated is

-used as the basis for an exposure
;nssessment, the uncertainty associated

with the exposure.asgessment may be
substantial. The primary

-characterization of uncertainty is at

least partly qualitative in this case, i.a., |
it includes a description of the
sssumptions inherent in-the model and
their justification. Plausible alternative
models should be discusaed. Sensitivity
of the exposure assessment to model
formulation can be investigated by

" replicating the assessment for pl_ausible

alternative models.
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When an exposure assessment is
based upon directly measured exposure
levels for a probability sample of
population membars, uncertainly can be
greatly reduced and described
quantitatively. In this case, the primary
sources of uncertainty ars’ measurement
errors and sampling errors. The effects
of these sources of error are measured
. quantitatively by confidence interval
estimates of percsntiles of the exposure

distribution. Moreover, the sampling
errors can be limited by taking a large
sample. ] '
Whenever the latter is not feasible, it
iz sometimes possible to obtain at least
gome data for exposure and model input
vai w2z, Thesa data should be used to
assess goodnass of fit of the model and/
or presumed distributions of input
varieblea. This substantially reduces the
amount of quantitative uncerteinty for

estimation of the distribution of
exposure and is strongly recommended.
1t is recognized, however, that it may not

~ be feasible to.collect such data.

9. References

“The references should contain.a :
listing of all reports, documents, articles,
memoranda, contacts, ete. that have
be2n cited in the report.

10. Appendicss .
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Tha appendices may contain such
{tams as memoranda and letters that are
not readily accessible, othar tables of
. monitoring data, detailed lists of
smissicn sources. detailsd tables of
sxposures, process flow diagrams,
mathematical modal formulations, or
any other item that may be nesded to
dascribe or document the exposure
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. ENVIRORMENTAL PROTECTION
AGENCY

(FAL-2708-4]

Guidalines are peopoced for use within
ths policy and framewoek
previdad by the varicns statutes that
EPA lckngfnmeu to guide Agzncyw .
analysis of carcinogenicity data. We
solicit public comment and will teke
public comment into acesunt in revising
thesa Guidelines, Thesa Guidelines will
ba reviewed by the Sciance Advisory
Board in mestings now tentatively ‘
scheduled for April 1085,

Thazs proposed Guidelines were
daveloped as part of a broad guidelines
development program under the :
auspices of the Office of Health ard
Enviranmental Assezzment (OHEA),
Fazongth and Deretopmmont Somson

t, ent
with tha rols of QHEA's

Assessmant Group (CAG) as the .
Agency’s senior heaith committee for
carcinogenicity assessment, the
Guidelines were developed by an

Agency-wide working chaired b
the Chairman of CAG.sn.mp 4

DATE: Comments must be postmarked
by Jenuary 22, 1985.

ADDREZE: Comments may be mailed or
delivered to: Dr. Robert McGaughy,
Carcinogen Asszsemaent Group (RD-
680}, Office of Health and
Environmental Asszssment, U.S.
Environmental Protection Ageacy, 401 M
Streat SW., Washington, D.C. 204580,

.

 Dr. Robert McGaughy, Telephone: 202~ _
382-5852.

SUPPLEMENTARY IITORUMATION: This is
the first propozed revision of the 1978 -
Interim Procedures and Guidelines for
the Health Risk Aszessment of
Suspected Carcinogens (Federal
Register 41:21402~21405, 1976). This
revision incorporates concepts and
approaches to carcinogen assessment
that have been daveloped during the last
eight years. Thesa proposed revized
Guidelinas describe salient principles
for evaluating the nature and magnitude
of the cancer from su
‘carcinogans and general framework to

- be followed w&;ﬁm enalyses of

Thase Guidelines were sent to 38
scientists in the field of cercinogenesis
from univercitiss, environumental groups,
industry, labor, and governmental
egenciea. We have decided to delay
incorporating suggeastions from the 23
reviewers who submitted comments into
the Guidslines published here until
commsnts submitted during this public
comment pericd are recaivad.

. end supporting decuments °

. uzad in the preparation of these

Guidslines as well as comments
received ars available for inspection
and copying at the Public Informaticn * -

Reference Unit (202-382-3328), EPA

Headguarters Library, 403 M Strest SW.,.
Washington, DC, batween thie hours of
8:00 and 4:30 p.m. ;

L Intreduction o )
IL Hazard Identification (Qualitative Risk

=~ Assgzsment)

A. Overview ‘
B. Elements of Hazard Identification
1. Physical-Chamical Properties and

2, Structre-Activity Reln
8. Mstabolic and Pharmacokinetic

4. T Effscts .
8. Shozt-Term Tests
6. Long-Term Animal Studies
7. Human Studies
C. Walght of Evidencs ‘
D, Guidance for Quantitative Aasessment
E. Summzsry and Conclusion
I Dog2>-Rssponsive Assesement, Exposurs
Agescemant, and Risk Cheracterization
A. Doga-Rezponsive Assescment
1. Selection of Data ;
2 Choice of Mathematicz] Extrapolation
3, Equivalent Exposure Units Among
B Species
Expostre Assessmant
C. Risk Cheracterization
1. Options for Numerical Risk Estimates _
2. Concurrent :
3. Summary of Risk Charncterization
IV. Appendix EPA Classification System for
Evidence of Carcinogencity From Human
Studies end From Animal Studies

L
.

V. References

L Introduction

This is the firat revision of the 1978
Interim Procedures and Guidelines for
Health Risk Aszessments of Suspected
Carcinogens (U.S. EPA, 1976; Albert et
al., 1877). The impetus for this revision is
the uced to incorporats into these
Guidelines the concepts and approaches
to carcinogen risk ascessment that have

., been developed during the last eight '

‘years. The purposs of these Guidelines

i
i
\
i
|

[

is to promote quality and consistency of
carcinogen risk assessments within the
EPA and to inform thoze outside the
EPA about its approach to carcinogen
rick assesement. Thece Guidelines
smphasize the broad but essential

. aspecis of risk azsceement that are

nesded by the experts in the various
disciplines required (e.g.. toxicology,
pathology, pharnracology, and statistics)

. for cercinogen ussessmont. Guidance is

s is in'8 state of rapid
edvencement, and everly spacific
approaches may rapidly become
cbzslete.

Thess Guidelines describe the general
framewark to be followed in devsloping
an analysis of carcinogenic risk and
some calient principles to be veed in
evaluating the quality of data and in
formulating judgments concerning the
neturs and magnitedz of the cancer
hazerd from suspact carcinogens.

A summary of thae current state of

“knowledge in the feld of carcinogenesis

and a siatement of broad scientific
principles of carcinogen risk
assegsment, which was developed by
the Office of Sciencs and Technology
Policy (OSTP, 1884), forms an important
basis for thess Guidelines; the format of
thess Guidelings ig similer to that
proposed by the Netional Research
Council (NRC) of the National Academy
of Sclencas in a report entitled “Risk
Asssisment in the Federal Government”
(NRC, 1838).

These Guidelines are to be used
within the policy framework already .
provided by applicable EPA statutes
and do not alter such policies. These
Guidelires provide general directions
for anslyzing and organizing available
data: They do not imply that one kind of
data or another is 2 prerequisite for
regulatory action to control, prohibit, or
allow the use of & carcinogen. The

-analysis of cercinogenic risks will be

carried cut independently from

_considerations of the sociosconomic .

congequences of regulatory action.

Regulatory decisionmaking involves
two components: Risk assessment and
risk management. Risk assessmert
defines the adverse health consequences
of exposure to toxic agents; risk
managemsnt combines the risk
assessment with the directives of the
enabling regulatory legislation, together
with socioceconomic. technical, political,
and other congiderations, to reach a

" dacision as t¢ whether or how much to

control future exposurs to the suspected
toxic sgents.

Risk sssseament includes one or more
of the following components: hazard
identification, dose-response
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assessment, XposSEre esecsamant, and
risk charactarization (NRC, 1883},

" Hezard identification is a quaiitsﬁive
risk assessment, daaling with the
proceas of datermining whsther
exposure to an sgent has the potantisl to
increass the incidence of cascer. Feo
purposas of these Guidsalines, malignant
and benign tumoss are used in the
svaiuation of the carcinoganis hezard,
The hezard identificrtion component
quslitatively ansv.is the question of

-how likely an agent iz tabsa

carcinogen. .
- Traditionally, quantitetive risk
assesament has besa uzsed as an
inclusive torm to deseribe all or parts of.
doge-response ssprcoment, exposure
assssrment, and riok chéracterization,
Quantitative risk assszoment conbe a
uzefil general tezm in some
circumstances, but the more sxplitit.
terminology is usuelly preferred. The
dose-response aeerssment defings the
relationship between the doss of en

agent and the probability of induction of-

a carcinogenic effect. This componment.

usuaily entails an extrapolstion from the:

genarallyhig&doa% adminigtered to
expermemal 3 oF eXposures
noted in apideminlogic studiss to the
exposurs lgvels from busnes
contact with ths agent in the
envisonment; it alsg insiedns
considerations of the validity of thess .
exmmh

Wmmﬂmﬂm
pop\daﬁmmdmtbawn&,
describes thair composition sud size,

* and presents the typss, magnitudes,.

frequencies, and duzations of exposure -
todlelm&.

risk charectoriestion, the cuiputs of
&nwaﬁwﬁm&am

aseascmcnt are combinad to
tively some messng of
da&&paﬁofﬁak
chanctmizaﬂon.lsmmgy the
sirengths and we&hsmiaﬂzsbmrd
WWW@&
the public health risk estimates ars
presented, Major sesumptions, scientific:
judgmaents, and, to the extént possibie,

‘estimates of the uncartainties embodiad

in the assessment are siso pressnted,
distinguishing clesrly betwesn facy, -

~ assumption, and science policy.

"Risk

mwmmmm
Asysasryest)

A, Overview

The qualitative assscsczoat or hazssd
idmﬁﬁuﬁonpm of riek asseyemnsnt
contains a review of the relovant

- biological land chemicsl information
" bearing on whether or not an egent mey
‘pose a carcinogsnic hezsrd Sinca

chomical sgonts seldom ooour in a pure:
state and are often trancicemed in the:
body, the revistw should incleds:
infesmation oo contaminents, .
dogradation praducts, and metabolites..

Studiss are evalusted according to .
sound béo!@@cal and mﬁﬁzﬁm&

m.bﬁcaﬁons [imeraganéy Regnisi@ry

Lisison Group. 1272 OSYP, 18%4; Peto et

al., 108% Mantsl, 1230, Mantal and
Haenmllmlnwdiﬁaplmmd

,»,E‘--mcc»ﬁx—\-. .
Cmt@for?m&bgﬂlﬁemmblm.’

Natirmal Toxdoology Progrem, 1984 U.S0.

EPA, 15832; 1883 m%@ Resultz.and .
concluzions concarning the.agent,
derived from different types.of

information, wkaethm Mesﬁng positive::
aws, ary melded .

@?nﬂsﬂm 3 4 R T YR
togather info @ wigxt-aemmem
detzrmmiaation. The strengili of the:

. avidencs supporting s potential bumen-

carcinoganicity ja it is developed:
in & weight-of-evidence stratification -
scheme, .

B glemauaﬂ!azardddmtiﬁémioat
1. Physical-Chemical Properties and
Routss and Patterne;of Exposure

Peramaters relsvant (o carcinoganesis,

!nsiﬂ.dmg physicel state; physinal
pmm exposure
pathways in the environment should bs-
described.
2. Stucture-Activity Relationships:-
Thia saciion should summarize

relevant structuss-activity correlations:
that support the predicion of potential:
carcineganicity.

3. Metabolic end Phammecokinetic.

‘Properdas:

This sestica shaulé emmarize .
relsvant metabolic information:

Information such se-whethes the agent jo-

direct-sciing op requires conversion o 8
ma&ivmeamnomc(e.&. an.

Lo )me
pethmya fmsad:mvmim

macsomolecules interactions; and-

transport in, fate.in, and excretion from .
the body as well es species diffsreaces:
in metaboliser ehould: badimm

4, Toxicologic Effects.

Tasicologic effects other-than:
carcinagenicity {a.3., suppression of the-
immune systers; endocrine disturbancss:
orgen damsge) whick are-relevant to-:

the evaluation of carcinogenicity; should:

be suzrnarized. Prechronic and chroie
toxicity evaluations, as well as other -
test resnlia, may vield infermsation on:
target organ effects, patho

physiclogical
reaciions, and peexacplastis lesiona that .

bear on-the: ew&aaﬁos oi
carcinogsnicity. Gowmnpem and
time-to-srasponse analysdes of thete
resctions may slso be helpful.. |

&.Shoﬁ-_frem‘femw

Teste for point mutations, nomerical .
end structaral chremosoms abervations, -
DNA demege/repeir; and in vithe: ‘
transformation provide supportive
evidence of carcinogenicity and may.
give information on:potential
carcinogenic mechanisms. A range of -
tasts from each of the above end points’

_helps to characteriza:an: agent'

reSpUARY SPETHEU,:

Short-term e vive mdm,wtm tests.
that-can give indication of inilation and
promotion: activity-may slso provide .
supportive:evidencs: for carcinogenicity..

- 6 Long-Tersy Anizasl Stidies-

Criteria for the tschnicel adeguasy of’
animal carcinogenicity siudiss-hava:
been publishad {e.g.. U5 Food and Drug.
Administration, 1082 kitesagerny
Regulatoey Lisison: Gioup, 1879;

National Toxicology Progeam: lm
OSTP, 1934; U.S. EPA, 1883a;'1983ks
1983c; Péron-et-al., 1968: Mantel, 1080}
and shoudd ba-used to judge:the
acceptakility of individusl studise

Tha itmnseh cf the evidence: elmt an

mhﬁuudﬂpsuwsﬁm o high:
!evd -of statistizal significance of the

- increased tumeor incidence s treated

with respect i control groups; the doge-
related shortening of the thno-to-tamor
occurrencs oF titae-to death with tumor,
and & doss-relatad incresge imthe -
Long-tarm enimel sindies at.orneer
the maxdmumn tolevated doss lewel.
(MTD) ase wzed to-encuse an adeguate:

© powaesfor the detostion of carcinegenic:

activity. Negative long-teem anigaal-
studies at-exposurs lsvels-above the-
MTD.or partial lifetimne exposssos. ot the
MTD may net be sscepiable becanse of
toxicity; or:if animal:susvival-is sw -
impaired that the. sepsitivity of the study
is-significanily reduced belowe that of & -
conventionsh chronic animel stiedy at:

- the MTD. Positive stedies stlevels

above the MTD sbouid be cavefully- -
reviewed to ensure that the responses.
m,mdnem:fmm:whwh doaat

-at-exposurs levels below the-
MTD Evidence indicsting that high-doee'
testing producss tamor respoases by
indiract mechanisms. that may be -
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unrelated to effects at lowar dozs shoold
be deait with ca an individusi basis.
. ‘The machaniem of ths carcinogsnic
responses under conditiona of the
. should be reviewed
carefully as it relates to the relevance of
tha svidencs to human carcinogsaic
risks (e.g., the occurrance of bladder
tumors in the presence of bladder stones
and injection sile sarcomas).
Intarpeetation of ani. ol studies is aided
by the revisw of target organ toxicity
and othsr effects (e.g.. thanges in the
{mmunse and endocrine systems) that
may ba noted in prechronic er other
toxicological studies. Time and does-
related changes in the incidence of
D ain interoes fng aniveel s
‘ ti studies.
&ﬂoﬂa] coatrol data are often .
valuable and could be used along with
concurrent control data in the
evaluation of carcinogenic responsea.
For the evaluation of rare tumors, even
soell tumsz may be
significant to historical dats.
In the casa of tumors with relativaly
high spontaneous rates, a response that
is significant with respect to the
experimental control group becomes
ﬁmﬁmble if the historical control
ta indicate that the experimental
coatrol group had an unusaally low
incldence. :

Agants that sve positive in long-term
evidence of tt;ix:;d .i:?:aming@nic
promoting or
activity in spocialized tests should be
as complate carcinogens
unless there is evidence to the contrary.
Agonts that show positive results in
spacial tests foe initiation, promotion, or
cocarcingenicity and no indication of
wall-dnign:;‘hl:;wrm animal tulad
‘ studies
b.sbmddd& ba dealt with on an individual
‘Thera are scientific
viewa (OSTP, 1984: Ward et al, 1579a;
1979b; Tomatis, 1977; Nutrition
Foundation, 1683) about the validity of
moues liver tamoes when such tumors
occur in strains with high spontaneous
background incidence and when they
coustitute the only turmor response to an
agent. These Guidelines take the .
position that the mouse-liver-only tumor
response, when other conditions for a
classification of “sufficient” evidence in
animel studies are met, should be
considered as “sufficient™ evidence of
carcinogenicity with the understanding
that this classification could be changed
1o “limited" if warranted when a
number of factors such as the following
3 om The occurrence of téx;nora
y ghest dosa and/or
only at the end of the ‘mg;;;lgo
substantial doss-ralated increase in the

propartion of tumcrs that are malignant:
the occurrence of tumors that are
predominately benign, showing ne
evidance of matastases or invasion; no
dose-related shortoning of the time to
the appasranca of tumors: negative or
inconclusive results from a spectrum of
short-term tasts for mutagenic activity:
the occurrence of excess tumors only in
@ single sex. !

Positive carcinogenic responses in one
species/strain/ssx are not goneraily
negated by negative results in other
species/strain/zasx. Replicats nagative
studies that are eszentially identical in
all other respacts to a positive study .
may indicats that the positive results
are apurious. “

Evidence for carcinogenic action
ghould be based on the observation of
statistically significant tumor responses
in specific organs or tissues.
Appropriats statistical analysis should
be performed on data from long-term
studies to help determine whether the
effects are treatment-related or possibly
due to chance. These should at least
include a statistical test for trend,
including appropriate correction for
differences in survival. The weight to be
given (o the level of statistical
significance (the p-value) and to other
available piecas of information is a
matter of overall scientific judgment. A -
statisticelly significant excens of tuimors
of 2ll typas in the aggregate, in the
absence of a statistically significent
increase of any individual tumor type .
should be regarded as minimal evidence
of carcinogenic action unless there are
persuasive rsasons to the contrary.

7. Human Studies

Epidemioclogic studies provids unique
information about the response of
humens who have-been exposed to
suspect carcinogens. Dezcriptive
spidemiologic studies are ussful in
generating hypothesas and providing
supporiing data, but can rarely be used
o make a causal infersnce. Anaslytical
epidemiologic studies of the case-control -
or cohort varisty. on the other hand, are
especially useful in assessing risks to
exposed humans. ‘

Criteria for the adequacy of
epidemiologic atudies are well
recognized and include factors such as
the proper selectionand @ =
characterization of exposed and control
groups, the adequacy of duration and
quality of follow-up, the propar
identification and characterization of
confounding factors and biag, the
appropriate consideration of latency
effects, and the valid ascertainment of
the causes of morbidity and death.

The strength of the epidemiological
evidence for carcinogenicity depends on

the magnitude, spacificity, and .
statistical significance of the response
and increases rapidly with the number
of adequate studies which show the
same rosults on populations exposed to
the sams agant under different
conditions.

1t should ba recognized that
epidemiologic studies ara inherently
capable of detecting only comparatively
large incraeses in the relative risk of
cancer. Negative results from such
studies cannot prove the absence of
carcinogenic action; however, negative
sesults from a woll-designed and

. conducted epidemiologic study that

containg usabls sxposure data can serve
to define uppar lmits of risk which ars
nseful if enimal evidence indicates that
the agent is potentially sarcinogenic.

C. Welght of Evidancs

Evidence of peasible carcinogenicity
in humans comas primerily fom two
sources: Long-term animal tests and
epideminlogic investigations. Results
from theos studies are supplemented
with information from short-tarm tests,
pharmacokinetic siudies, comparative
metabolism studies, structure-activity
relationships, and other relevant
toxicologic studies. The question of how
liksly an agent is to be & humsn -
carcinogen should be answered in the
framework of @ weight-of-svidance

judgment. Judgments about the weight of

evidence involve considerations of the
quality and adequacy of the data and
the kinds of responses induced by a
suspect carcinogen. There are three
major ateps to characterizing the waight
of evidence for carcinogenicity: (1}
Characterization of the evidence from

humen studies and from animal studies -

individuslly, {2} combination of the
characiorizations of theza two types of
data into & finsl indicaton of the overall
weight of evidence for human
carcinsgenicity. and {3} evaluation of all
supperiive infrrmation to determine if
tha overall weight of evidence should be
modified.

A system for stratifying the weight of
evidence is recommended, and EPA bas
developed a scheme (see the Appendix].
The EPA scheme is modeled after the
classification system developed by the
International Agency for Ressarch on
Cancer {(IARC, 1982}, In the IARC
classification method, the evidence the.
an agent produces cancer in hurmans is
divided into three categories: Sufficient,
lizited, and inaduguate. A similar
characierization of evidence is provided
for animeal data. )

The EPA clageification system is, in
genesal, an adaptation of the IARC
approech for classifying the weight »f
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cancer in well-condusted, well-designed,
independent analytics! epidemiologic
studies. For animal studies: (2} An
increased incidence of combined benign
and malizgnant tumors will be

ROgRis tyffﬂ:ggtﬁu

considered to beve the potertial to
progress to the associzted malignancies
of the same morphologie type. (23 A:x
increased mecidencs of

alone as “limited” evidence of
carcinogenicity is added. (3] Under
specific circmnsizncas, seck g0 the
production of scoplerms that oocee with
high spontenzers backgrownd incidengs,
the evidencs mey be demezesd to
“Hmmited™ if warranted (2.g., thawe eve
widely diverging scicntific views

regarding the validity of the monss liver

. tumors as en indic o7 of potontish

humaen carcinegenicity wheon s is the
only respones ohstrved, evan in
replicated experiments, in the absenss
of other shart-term evidencs). (4] A “no
evidence" category is alen addad, This
operational category would include
substances for which thers is no

increased incidenca of neoplasms in at .

least two well-designed end well- .
conducted snimai strdies of adeguate
power and doee in different specics.

. D. Guidance For Quantitative

Aggessment

The qualitative evidencs for
carcinogenesis should be discussed for
surposes of guiding the dose-response
. -sgessment. The guidancs skould be
.aven ip terms of the appropriatensas

interprative rationals, that forms the
basia for the conclusion. Uncertainties
in the evidencs as well 23 factors thag
may affect the relevancs of the chronic
animal study o humans should be'
discussad. The conclusion should
presant beth the weight-of-avidenes
rankng and 2 desrription that brings owt
tha more subtis aspecte of ths evidence
thym&hew froms the
eanking elons,

ected, evaluated, and
c-aﬁegonm it is frequently desirable to
astimats the likely cangs of excess-
cancas rigk sssccisied with given lavels
and conditions of human exposure. The

firet step of the analysic needed to make |

such eatimmtions is the development of

the likely relationship batweea doss snd.

respones {cancer mcidance} in the
regioa of bumas expesure. This

° information en doss-responsa

selationships i coupled with
information en the paturs.and.
magaitude of human expesure to yield
an estimate of human rizk. The risk-
characterization step also includes an
interpratation of these satimates in light
of the biclogical, statistical. and
exposure agsumptions and. -

‘unceriainities that have arisen ..
_ throughout the process of sssessing risk.

The clemants of dess-response
assesament ase described in section
LA, Guidance on human exposurs
assesament is provided in another EPA
document (U.S. EPA, 1824% however,
section IILB. of these Guidelines

.
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evidence for human data and animal as.d lisnitation of sgm;xﬁc studies as well  includes a beisf énscript%an‘af the
data. Ths EPA clasgification sysm foe eokinatic considerations'that  specific type of exposure information
the characterization of the sh&mld be factered into the dose- that is secessary for uee in cazcinogenic
weight of evidezes for camagmmmy response asssasment. The appropriate risk assessment. Fipally. in section BL.C,
(animal, humsn, and other suppostive method of extrapolation should be there is a.description of the type of
dsta) includes: Group A—Carcinogenic | factored in when the exporimental route information and its interpretation
to Humanss Group B—Probably - of exposure differs from that ocourring necassery for accurately characterizing
Carcinogenic o Humssss C-—Possibly in humans, . risk and the dogrea to which it can be
Carcinogenis to Humans; Group D—Not Agents that are judged to bs iu the: known.
Clascifiable as io Human EPA weight-af-evidence siratification it should be emphasized that
citv: and Group E—No Groups A and B-would be regarded as celeulation of quantitative eatimates of
Evidence of Carebu city for entiable for quentitative rsk - cancer risk doss zot requira that an
Humans., gsassmmonts. The appropeiatenees of be & human carcinogen. The -
In addition, ths fsllowing guantifying the rieks from sgents in uﬂm that ar t ie & human
- modifications of the IARC approach Group C, spacifically those agents that mm@genwsmafmawez ht of
have been made fee claesifying human arg at the boundary of Groups € and D. evidencs, as this hes been dasm'begd in
and animal studies. For human studien: would be judged oo a eass-by-case t@ha&ﬁdmuﬁmﬁm soction of these
(1) The cbsesvation of a statisticslly basiz, Agents that ars judged to-be ir Guidelines. It ie nsvestheless impartant
significant associntion betweon an agent - Groups D and B would gexesally not mm 8! sn?. wantitative et t@ga :
and life-threatening benign tumers in have quantitative sisk essesements.. pres :gw eé d internreted,
humans is included {n the evaluation of B e appropriat qﬁahﬁ anc mter
&. Summary and Conciusion in those circurmstances iv which there i
risks to humaene. (2} A “no svidencs™ tikelihcod th m is & hom
category is added. This categary The summary should pressat all of the  11X@ at 38“”“!5& g
indicates that no aseociation was fmﬁ key findings in al} of the sections of the  Carcinogen Appmpnnt:fy qua oh
betwsen expostwe and incressed risk of ~ qualitative asesssment and the quantitative estimates of risk, together

with estimates of their- mﬁamty.
ugefvl n'cost-henefit enalyses, m dotting
regulatory priorities, end for eveluating
residual risks ascociated with the
application of regulatory controls.

It should be emphasgized  every
quantitative risk estimation that the
rasults am mm. The uncertzintioa

variubdxty a8 waﬁ g8 unceriainty in the
exposure ssssament con be Important.
There are major wncartainties in
extrapolating both feom aniraals to
humans end from high to low doses.
There are important specics differnces
in uptake, metasolism, and organ
distribution of carcincgens. as wel as
species and strain differences in tmiget
site susceptibilty. Hmnas popalations
sre variable with respact to gemetia
constintion, diel, cocapational and
home envircmrent, sctivity petierns,
and other culternl factors. Risk
sstimatse shovld be prezenied together
with the assozinted bazsd ssocsuitant
(eetion BLC.2.) to consure (hut there is
an appreciation of the weight of
evidence for carcinogenicity that
underlies the quentitative rislk eaﬁmaees
A. Dose-Responee Assessment

1. Selection of Data .

Az indicated in section [LD, guidance
needs to°be giver by the individuals
doing the qualitative assessment-
{toxicologiste, pathelogists; -
pharmacologists. eiz) to the statisticans
doing the guantistive essessmiont aa to
the appzopriate dats to be veed in the
dose-respongs sssessment. Thie io
determined by the quality of the data, its
relevarncs to human modes of exposurs;
and other technical details.




I1I-24"

48298 Fedoral Register / Vol 48, No. 227 / Friday, November 23, 1984 / Notices -
mm— ‘ z e A o
1f available, estimates basad upon of the eama moiphologic type. However, cannot be used suscesefully with the
human epidemiclogic data are preferred.  the contribution of the bsnign tumors to obsarved data ee, for example, when the
uw:ndmmdn::du existtiin awell- the total risk should be indicated. gg; g mmm :;mmmic or ﬂsttang;ne at
nagative . thema Extr R 6c3 casaes it may
epidemiologic study, an upper-bound w of Ma tical polation neczasary 1o make adjustments to the
sstimate of risk should be usad in ‘ * peucaduse o schisva low-doss linearity.
mﬂm to higher risks estimated Sinca risks at low exposure lsvels When pharmasckinetic or metabolism
animal dats.In tha sbezncs of cannct be meesursd direcily either by date zre available, or when other
human dats, data from a species that  .animal experiments or by epidemiologic  guhstantis evidencs on the mechanistic
responds most like humans should be studiss, a number of mathsmatical sspects of the carcincgenssis procass
wsed, if information to this effect exists.  modals have been developed to exists, o differant low-does )
Where. for a given a3ant, ssveral extrapolats from high to lgw dose. extrapolstion model might be
studies are availaile which may involve  Howaver, different extrapolation models  coy5iderad more appropriats on
different animal spac’ss, strains, and may fit the observed data reasonably  giglegical grounde. Whean a different

sexes, at saveral doses and by different
routes of exposure, tha following
spproach to selecting the data sets is
used. The tumoe incidancs data are

to organ site and

preszated. range
estimates is identified with dus regard
to binlogical relavancs (particularly in
the case of animal studies) and
appropriateness of route of exposure.
Becausa it is possible that human
sensitivity {s as high as ths most
sensitive responding animal species, in
the absence of evidenca to the
contrary, the biclogically acceptable
deta set from long-term animal studies
showing the greatest ssnsitivity should
generally be given the greatast
again with due regard to
and statistical considorations.
Whaen ths routs in.the -
species from which the doss-response
information is obtained differs from the
route occurring in envirenmental
sures, uncertainties about the dose
delivered to the targat organs from
different exposure media should be
sxplcitly considsred, and the .
assumptions should be cerefully stated.
Where two or mare significantly
elavated tumor sites or types are
observed in the same study,
extrapolations may be conducted on
selacted sites or types. Thesa selections
will be meds on biclogical grounds. To
cbtain a total estimate of carcinogenic
risk, animals with one or more tumor
sites or types showing significantly
elevated tumor incidence should be
pooled and used for extrapolation; if the
tumor sites or types are occcurring
idependently, this procedure is the same
as summing the risks from the several
kinds of statistically significant tumors.
‘The pooled estimates will generally be-
used in preference to risk estimates
based on single sites or types.
Benign tumors should generally be

3

combined with malignant tumors for risk

sstimates unless the benign tumors are
not considered to have the potential to
_progress to the associated malignancies

- untertainty

'no%schlym

well but may lead to large differences in
the projected risk st low doszsz.

No single mathematical procadure is .
rscognized as the most appropriata for
low-dose extrapclation in
carcinogeneais. When relevant
biological evidence on mechanism of
action exists, the modals or procedures
employed should be consiatent with the
evidance. However, when data and
information are limited, as i the usnal
cade given the high degree of
associated with the
selection of a low-dose extrapolation
model, specific guidance ¢n model
selection is nacessary to providé a
desirable degree of consistency in
assesaments. The choice of low-dose
extrapolation modsls should be
consisient with current understanding of
tha machaniems of carcinogenasis and
of B2 tothe
obsgrved tumor data.jAlthough
mechanisms of the carcinogsneris
process are largsly unknown, at least
soma elements of the process have been
elucidated, e.g., linearity of tumor
initiation. In further suppart of a linear
maodel, it has bean shown that, if a
carcinogenic agent acts by accalerating
the same stages of the carcinogenic
process that load to the background
occurrence of cancer, the added effect of

" the carcinogen at low doza is virtuaily

linear. Thus, & model that is linear at
low dose is plausible.
The linearized muitistage model

ure for low-dose extrapolation
{U.S. EPA, 1880} is thersfcre
recommended in most cases unless there
is svidence on carcinogenesis
mechanisms or other biological evidence
that indicates the greater buitability of
an alternative extrapolation model, or
there is statistical of biolcgical evidence
that excludes the \fae of the lineerized
multistage model. j

It shouid be emphasized that the

linearized multistage model leads to a
plausibie upper limit to the risk which is
consistent with some mechanisms of
earcinogenesis, However, such an
estimate does not necessarily give a
realistic prediction of the risk. In certain
cases, the lineafized multistage model

madel is choean, the risk assessment
should clearly dincuss the nature and
strength of the svidence that lead to the
choics. In rzost casse, considerabls
uncartainty will remain concerning

«t low dosss; therefore, an
uppar-Limit riek estimsts using tha
linesrized multistags model should also
be presanted.
3. Equivalent Exposure Units Among
Specins :

Low-dogs risk estimates derived from.
laboratory animal data extrapolated to
bumans are complicated by a variety of
factors that diffor among species and
potentially affect the fesponse to
carcinogana. Included among these -
faciors sre differepces betwaen humans
ang tal tent animals with
respect to life span, body size, genatic

. vaziebility, population homogeneity,

existence of concnrrant disnase,
pharmacokinatic effects such as
metabolism and excretion patierns, and
the exposure ragimen.

The usual approach for maxing
interspecies comparisons has been to
use standardized scaling factors.
Commonly employed standardized
dosage stales incinds mg per kg body
weight per day, ppm in the diet or water,
mg per m2 bady surfsce erea per day,
and mg per kg bedy weight per lifetime.
In the absencs of comparative .
toxicological, physiclogical, metabolic,
and pharmacokinstic data for a given
suspect carclnogen, the extrapolation of
body weight to the 0.57 power is
considered to be appropriate.

B. Exposure Asgsessment

In order to obtain a quantitative
estimate of the risk, the results of the
dose-response assessment raust be
combined with an estimate of the
expoauras to which the populations of
interest are likely to be subject. While
the reader is referred to the Proposed
Guidelines for Exposure Azsessment
(U.8. EPA‘&W} for specific details, it is
important that the cancer risk assessor
and the decision-maker have an
appreciation of the impact of the
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strengths and weaknsss&s of expcmam & éisl:leamcten‘za@imr - 2x18°4(C} ) L
ssssgemant on the overall cancertisk 4 ing for Numericsl RiskEstimates This bracketed designation of the
assessment procsse. | Depending on th 8:f th qualitative evidencs should bs included

At pressat there is no'single approach individual OR the 1 e O sﬂ i with all numerical rigk estimates (ie..
to expogure aszescment that is - satimates W;ﬂmﬁ a ?; unit risks, which are risks at a-specified
approprisie for 2il cases. On & case-by- more of Q,;,(fuu@gmg:mm,‘w,y& ) concsntrstion,or concentrations
cave basia, appropriate methods are 8. Unit Risk—Underan aéshmption‘ of -correspondingto s given risk).-Agency

selected to match the data on hand end
the level of sophistication required (a.g.,
preliminary sssscoment using crude data
and worat cass o sumnptions versus 8
final assonamant using extensiva
maonitoring data), Thee assumptions,
approximations, and vncsriainties need
o ba claarly stated because, in some
‘instences, thess will have 8 major effact
on the rigk assacsment.

‘In general, the magnitude, duration,
and freguency of exposure provide
fundemanial information for estimating

" the concantration of the carcinogen to
which ths organism is exposed. Thess
dats are generated from monitoring

information, modeling results, end/or . '

reasoned estimates. An appropriats
treatment of exposure should consider
the potentizl for exposure vir ingestion,
inhalation, and dermal penetration from
relevant sources of exposures. Where
feasible, an attempt should bs mads to
assess the doss o the target organ,
eithar cpasimental evidenes or
- eeasonable assumptions end modeling,
., Special problams ariss when the
: R expasure situation of concsrn
-guggests expegura regimens, .g.. routz
and dosing schedule, which sre
substantially different from thoae veed
in the relevant animal studies. Unless
thers is evidencs to the contrary in 2
particular caea, the comulative dose
received ovar a lifetime, expressed os
average daily exposura prorated over s
lifetime, is' recoramended gs the -
appropriats messurs of exposurs o e
carcinogen. That Ig, the ascumption is
made that.2 high dosa of a carcinogen
recesived ovar a short period of ime i
équivalent to a coresponding low dose
spread over 2 lifetime. This approach
becomes mora problematical as the
_exposures in question become more
intense but less frequent, especially
when there is evidence that the agent
has shown dose-rate effects.
An attempt should be made to assess
-the'level of uncertainty associated with
* the exposure assessment which is to be
used in a cancer risk ascessment. This
messure of uncertainty should be
included in the risk characterization
(section II.C.) in order to provide. the
decision-maker with a clear . .
understanding of the impact of this -
uncertainty on any final quantitative
risk estimate. - v L

EALN: ERETAN S

low-dose linsarity, the unit cancerrisk is
the excass lifetima risk.due toa

contineous constant lifstime exposure of
‘ona unit of carcinsgen concentration.
“Typical exposure units include ppm:or
:ppb in {asd or water, mgfke/day by

in%eskion. ‘or ppm-or ug/m 3 in air.
. The Dose Corresponding to-a Given
Lavel of Risk—~This-approach canbe

ugeful, particularly when using

nonlinesr extrapolation models whera

" the unit risk would differ at different
dose levels,

‘e Individual and Population Risks—
Risk may be characterized sitherin
terms of the excess individual lifetime
risks or the excess numbar of cancers
produced per yearin the exposed
population or both.

Irespective of the cptions.chosen, the
degree of precision and accuracy in the
numerical risk estimates currently do
not permit more than one.significant
figure io ba presented.

2. Concurrent Exposurs v

" In characterizing the risk due to
concurrant exposurs o several -
carcinogens, the risks are combined on
the basis of additivity unless there is
specific information to the contrary.
Interactions of cocarcinogens,
promoters, and injtitators with known

‘carcinogens-should be considered ona

case-by-case basis.
3. Summary of Risk Characterization

'Whichever msthod of preseniation is
chesen, it is.critical that the numerics]
estimates not be allowed to stand zlone,

seperated from the varicus assumptions

and uncertainties upon ‘which they ase
based. The riek characterization-should

' contain a discussion:and interpretation

of the numerical sstimates:that-affords
the risk manager some insightinto.the
degese to which the quantitative

‘estimates are likely to reflect the true

magnitude of human risk, which
generally cannot be known with the
degree of quantitative accuracy
reflected in the numerical estimates. The
final risk estimate will be generally
rounded to one significant figure.and
will be coupled with the EPA

clagsification of the qualitative weight of

evidenne, For-example, a lifetime.

. individual risk of 2310~ *resulting from

exposure to & “possible human

" carcinogen” {Group C) should be

designated as:

“statements,.such.as Federal-Rogister

notices, briefings, and-action
memoranda; frequently.include

:numerical-estimates of carcinogenic risk.
‘Itis recommended that whenever these
-numerical-estimates.are used, the
-qualitative-weight-of-evidence
:clagsification-should alse be included.

IV. Appandix—EPA Classification

*System for Evidence of Carcinogenicity

From Human Shudies and From Animal

Studies (Adapted From JARC)

-A. Assessment.of Evidence for

' ‘Carcinogenicity From:Studies in

‘Humans

‘Evidence of carcinogenicity from
‘human studies comes from three main
sopurces:

1..Cass.reperts-of individual cancer
patients:who were exposed to the
-agent(s).

-2. Descriptive epidemiolcgic studies in
which the incidence of cancer in heman
populations was found to vary in space
‘or time with exposure to the agent(s).

:3.-Analytical epidemiologic (case-

-control and cohort) studies in which
“individusi-exposurs to the agent(s} was
found to be:essociated with an

increased risk of cancer. :
“Thres criteria:must be met before a

causal association can be inferred

between exposurs and cancer in’

“humans;

1. There is no identified bias which

' -could ‘explain the agsociation.

' '2.'The possibility of confounding Kas
been considered and ruled cut as

vexplaining the association. -

"3. The association is unlikely to be

~due to chance.

‘In-general, although: a-single study
may be indicative of a cause-effect - °
relationship,-confidence in inferring 'a
causal association is increased when
several independent studies dre ~
‘concordant in showing the agsociation,

‘when the association is strong, when
.there is.a doseé-response relationship. or

‘when & reduction in-exposure.is ,
followed by:a-reduction in the incidence

<of cancer.

“The-degrees of evidence for
-carcinogenicity *:from studies in humans

-gre‘categorized ae:

¥ 1. Sifficient-evidence of

“*For purpuss-of public health protection.
agents associated with life-threatening
benign thumors in humans are included in the
evaluation.
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esscimogenicity, which indicates that survival. too faw animnh. or inadequate  having inadequate design or reporting,
lﬁ:hlanzlnhﬁmhipbcm reporting; or (c) an increase in the (c)bcmgnbntmtmalignmtuxmmsmth
* md..mm carcinogenici Innde:tfumesv’i’d e s el shart- o e o 8
2 Limi 3 3 te ence, wi v ety or
which in:ig.m that .‘:.uml R4 indicates that because of major mutegenicity, and {d) marginal
mmummmt qualitative o7 quantitative limitations, responsas in & tissve known to have 2
aliermative explanstione, such as the studies cannot be interprated as high and variable background rate. )
tel, boo::gl'giud. could nat 3. Gﬁﬁﬂ?;ﬁtg:ﬁ'm ‘u o 28 mmrdm agent msdd “
mumdmwm 4. No evidence, which indicates that results fram short-term tests sllow a
fndicates that one f two conditions there is no incressed incidence of - transfer froa Geoup C to B2 or from
prevailed: (a) There were few pertinent  Decplasms in at least two wall-designed GroupDto C. |
‘lhm(b)hl'l:‘hﬁlﬂﬂum;gﬂ:m dmwell—mdncted animml studies in C D—Not Classified
excinds chance, bias, or confounding 5. No data, which indicatas that data . ‘This category is used for agent(s) withk
4. No cﬁdcnce.i\:.‘h!ch indicates that are not available, inedequats animel evidence of
»e asaociation was found between m?mm“;“megf ”gﬂ::ﬂth ﬂrﬁ?ﬂseniﬂi*y-
exposurs and an increased risk of “ ce” refer only to the . BE~No Evidencs of
cxacer in well-dezigned and well- strength of the experimental evidence Group E—-No
conducted independent analytical that these agents(s) are carcinogenic =~ Carcinogenicity for Humans
- ologic studiss. and not to the power of their . This category is used for agent(s] that
& No dl:fa ;rllﬂch indicates that data carcinogenic action. dtzm t'.e,videnm:ed fc:; mim a?%entxsc:ty in
a2 not av e Categorizatian ¢ Over: idence a 0 adequatz an ests in
B Assessmant of Evidence G . tion of F”EW different species or in hoth
Conct "fﬂ vz for Grqup A—Human Carcinogen epidemiologic and animal studies.
&puzmwta?;ynmai:smdlum This category is used only when there v, Refarancos ‘
. is sufficient evidence from ‘ ; : d Andarson, E.
5"I'ghmm assesgments are classified inio epidemiclogic studies to support & Mm. &mhlmdm by the
L%ﬁiﬂ evidenca® of causal association betweon exposure to Eavirermantal Protection Agency for the
carcinogenicity, which indicates that' the agent(s) and cancer. ' ummgt of carcinogenic risks. J. Natl,
thersisan inmu;d incidencs of Group B—Probable Humen Carcinogen p,;:n‘:"' Vi Gées;: é:cglég,m& 33_, Peto
melignant tumors ot ca . This category includes ts for Agihs, - Aimold, :
maligrant and beaign §: (a) In wmg;m,m';i;“ Biemanthal, H. Cabeal, JRP. Della Porta,
wmultip spedmoznn!nn:w(b]in . mmzmidwmﬂdfmid@c G-, Ito, N, Kimmarls, G., Kroes, R, Mok,
e cpeinsal Graferatly it e e e N - S & P
nsing : mdo,, ' “mm‘&" To reflect this range. Tomatis, L., Ushleke, H., and Vouk, V. 1960.
different lavels); or (c) to an the category is divided into higher Basic requirements for long-term assays {or
unusual degree with tes‘!‘d to incidence, {Group B1) and lower (Group B2) carcinogemicity. In; Long-term and short-

site or type of tumor, or age at caset.
Additional evidence may be provided
by data on dosa-responsa effects, as
well as information from short-term
Ses!3 or on chemical structure.

2. Limited evidence of city,
which mesns that the data suggest a
carcinogenic effect but are limited
becauss: (a) The studies involva a single
specics, strain, or experimeat; or (b} the
experiments are restricted by
inzdequate dosage levels, inadequate
duration of exposure to the agent,
inadequate period of {ollow-up, poor

+Under specific circumstances, such as

el rpataness backgronnd Hrttam
spontaneous ba encs, the

-ﬂdmc:d m(n ¥ be decressed g:!"yu:nhed” i
warranted (e.g., thers are wi diverging
sciantific views regarding the validity of the
mouse liver tumor as sn indicator of potential
buman carcinogenicity when this is the only
responsa observed, even in replicated
upcﬂmmu!n)thelbmcecf:hoﬂ -term or

§Benign and malignant tumors will be
combined unless the benign tumors are not

comsidered to hava the potential ta progress
&tbcnuoduledmllianlncieaoﬁhnnm
morphologic type. -

dem of evidence. Usually, category
B1 is reserved for agents for which there
is at least limited evidence of
carcinogenicity to hurgans from
epidemiologic studies. In the absence of
adequate data in humens, itis .
reasanable, for practical purposes, to
regard agents for which there is
sufficient evidence of carcinogenicity in
arimals ag if they presented a
carcinogenic rigk to humans, Therefore,
agents for which there is inadequate
evidence from human stuclies and ‘
sufficient evidence form animal studies
v;oBu;'d usually result in a dassiﬁcation
o

in some cases, the knovm chemical or
physical properties of an agent and the
results from short-term tests allow its
transfer from Group B2 to|B1.

Group C—Possible Humsirx Carcinogen

This category is used for agents with
limited evidence of carcinogenicity in
wnimals in the absence of human data, It
includes & wide variety of evidence: (a)
Definitive malignant tumor response in a
single well-conducted experiment, (b}
marginal tumor response in studies
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Propased Guldollms for. Mutagenlclty .
Risk Assessment; Requut for Comments
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’mtmﬁm Agsney is

Suidelines are ;smpm foruse wntbm
he policy and framewark
srovidad by the various statutss that
IPA administers to guida Agency
ane’yois of mutagenicity data. We aolicit
ublic comment and will taka public
somment inte account in revising these
Suldelines. Theee Guidelines will be
sviewed by ths Science Advisory Board
n mestings now tentatively scheduled
‘or April 1983,
These proposed Guidelines were
-leveloped as part of a broed guidelines
ievaloymam program under the
auspices of the Offics of Health and
Environmente! Assescment (OHEA),
locatad in the Agency's Office of .
Rescaeeh and Davelopment. Consonaat
- with the role of OHEA's Repreductive
Effects Assessment Group (REAC) as
the Agency’s senior health committes
ior mutagenicity assessment, the
Suidelines were devsloped by an
Agency-wide working group chaired by
the REAG.
paTaw Commentis must be postmarkad
by Jmnm'y 22, 1885,
corresEx Commants mey be mailed

oF de!ivmd to: Dr. David ]mbmn-
Kram, Repreductive Effosts Assessment
-Group (RD-880), Offica of Health and
Environmental Asssssment, 1.8,
Envircnments! Protaction Agency, 401 M
Streat SW., Washington, DC 20480,
FOR FURTHER LFORBATION CONTACT:
Dr. David Jacobson-Kram, Telephone:
202-382~-7338. ’
SUPPLEMSKTARY INCSHRIEATION: Public
commenis received as a result of the

. proposed guidelines for Mutagenicity
Risk Aspesement, which was published
in the Foders] Registee [45{221):74084-
74988) on November 13, 1880, have been
addressed. The guidelines published
here reflect the suggestions that were
provided during that initial comment
pericd. A new draft of thess Guidelines,
taking into account the eariier public
commiants, was recently sent for review
to approximately 14 scigntists in the
field of chmmcal mutagsnesis within

governmen?, universides in the United
States, and ke privats sesior.

Comments received from these wews.

gonerally favorable, were also taken
into account in developing the
Guidolines ik

References and tmpporﬁng docummes
used in the preparation of thess .
Guidslines as well as comnients
racaived are availabie for inspaction
and copying at the Publis In!‘emﬁion
Refarencs Unit (202-382-5228), EPA
Hendquarters Library, 401 M Strest, SW,
Washington, DC, betwean the hours of
8:00 a.m. and 4:30 p.m.

Datad: November @, 1684,

Willles D, Ruckeolshaus,
4 dmivistraton

" Contonte

1 IntFoduction
11 Comments Received From the Federal
Roaglstsr Publication of the Proposed 1830
Guidelines and Agency Respornises to
‘Fhese Comments
A. Comments on theIntroduction
B, gsgiapu Relating to Heritabls Genetic

" & Testing Systems
. Weight-of-Evidence Approach .
E. Quantitative Ascsssement of Results
1. Proposed Guidelines
A Intfodustioa
1. Concapis Relsting to Hcﬁhbh
Mutagawis

E. Quealitetive Amsm& {Hazard
Idsntificstion)
1. Mutagouic Activity
2, Chemicsl Interactions in the
Mammalian Gonad
3. Woight-of-Evidence Datermination
C. Quantitative Assesement

L Intveduction

On November 13, 1960, the U.S.
Envisronmental Protection Agency (EPA)

published purposed guidelines for
Mutagenicity Risk Assassment (1) and
golicitad comments on those guidelines.
The proposed guidslines of 1980
described the that the
Agency would follow to evaluate the
genetic risks associated with the

" exposure of humans to chemical

mutagens. These procedures .
incorporated a weight-of-gvidence
approach that considerad the quality

. and adeguacy of all the available data

on a chemical substance in order to
make qualitative, and, where possible,
quentitative evaluations of mutagenic
potential. The Agency stated that
mutagenicity risk assessments prepared
pursuant {o the proposed guidelines
would be utilized within the
reguirements and constraints of the

applicsble statutes that the Agency
adminisiers to arrive st regulatory

- decizions concarning mutagenicity.

The current proposed Guidslines

" address the comments received in

response to the Agency’s proposed
mutaganicity risk assessment guidelines

- and peovide the basis for the Agency's
. risk asseesmanis for mutagenicity.

Fheoss Gmdelinzg. wh;;g;do% tha
general approach sot in the 1980
proposal, reflact additional changes

‘made in response to the comments and

‘te new scientific information generated
since the time of the propoeal.

The cuzrent proposed Cuidelines
refiect changes made in response {o the
public comments to the propesed
guidelines of 1280, Thesa changes dealt
primarily with the ssction addressing
the weight-of-svidence approach. This
gection bas been expanded o define
“sufficient,” “suggestive.” and “limited”
evidence foz potential humen germ-cell
mutagenicity and te include two
categories of evidence, “sufficient” and
“suggestive” for chemical interaction
with the gonads. Also, in the
quantitative asseszment asction, the
dominant skeletal and dominant
cataract tests have been added to the
liot of systems for possible use in
estimating the magnitude of genstic
rigks. Other minor changes have been
made in ths text for clarification.

A dreft of the current proposed
Guidelines was submitted for review to
individuals from industry, educauonal
institutions, enivornmental groups, and
other government agencies. These
reviews were useful in revising the
Guidelines. ]

The Agency has not attempted to

de in the cuszent proposed
Guidelines a datailed discussion of tha
mechanisms of mutagenicity or of the
varioue test systems that sre currently
in use to detect mutagenic potential.
Background information on mutagenicity

. and mutagenic test systems is available

in “Identifying and Estimating the
Genstic Impact of Chemical
Environmental Mutagens,” National
Academy of Sciences (NAS) Committee
on Chemical Environmental Mutagens
(2), as well as in other recent :
publications(3, 4).

For the informaticn of the reviewer,
Chapter II discusses the commenis that
were received in regponse to the
proposed guidelines of 1980 and the
Agency's responses o those comments.
The current propoeed Guidelines for
Mutagenicity Risk Assezsment, for
which comments are currently invited,
are described in Chapter III. The Agency
anticipates that, as methods for
mutagenicity risk nssessment are




bl

?@dml R@Mm I Vol. 49. No ay f Fnday.

III-30 -

Me 23. Noﬂcas

46315

2t i e i
e e

nﬂmd.mdmmalnfnrmumhmm
availabls in ths area ofmummnisity.
revisions to theea Guidelines may ba

data, Other
commanteza falt that the proposed

guidelines wera tura.” Verious
recoons wara given for this pesition: (1)
The mochanisma mutations

process in specific physfpmw teyms:

{2). ‘
With regard to the second comment,.

the Agency agrees that tho data bases
for many mutaganicity toats are imiteds:
howavez, ths-
thnvnlidityofltsatmsﬁmcﬁonohh&“
size of the date base. Validity in the
extent to whizh 2 (sst messures the
particelar and) point of

hiclogical
mmwmm«mtmmmwm.
_gensitivity, ths proportion of known: .

mutagens that are tve in.e syatem;.
ar spacificity, xhe.p?;d&'ﬁmef

mmmmm that are negative. Hencs, &
eseny is validated wheniits:

abﬂiﬁy to detect 2 h@ﬁtable genetic
changa is demonstra

- In responsa to the !hixd comment, the:
Agesncy doas not believq it is necassary
to. wait for completion of the Gsne-Tax:
Program before issuing guidelincs for.
evaluating mutagenicity data. The
Agency acknowlsdges that future

sciantific developments can be expactad-
. to affect the methods for the evaluation.

of mutagenicity dats. Such

dsvelopments may stem from phase Hof

tha Gene-Tox Program (which focuses
on test applicaticns) as well as from.
othaer collabozative activitiss in basic
end applisd research, However, the
Agmwy b@limes that the carrent

been validated: (3) the Agency shonld
wait until the EPA Gena-Tox Program is
. completed; and (4) epidemiologic studies
have failed to documant chemically-
induced mutations in humsans, -

.?mmt&.mmmg.mm
04 preama ' Ageacy
concluded tha tyttbummmmnmm

by which mutations cccur are not
underatood, the Agancy does nat believe
that a full undarstanding of all aspacts
of%mwg&chmimmhmﬁlrgo}o
svaluats mutsgenic poten
chemicals in the envircnmaent.
Additionaily, ths commant ignores the

? sxtensive body of data on specific

chamical DNA sdducts, repair
procezszs, and muitational expression
thlt enable descriptica cf the mutsiticnal

With reapect to the fourth commant,
the Agescy does not agree that the
failurs to idantify a cherical as a
known buman mutagen is justification -
for not propoasing guidelines to evaluate:
mutsgonicity data. Despite the difficulty
in translating changes in! mutation rate
mdmﬁmhdmm'mmy the
NAS Committes on Clitmical-
Enviranmental Mutageus has concluded
that the nat affect of an increase in-

mutaticn rate is harmiul becavse almost:.

allmmmﬁﬁluydtﬁnmbheﬁm

.72 delsterious (2).

A. Comments on the Introduction

Many commenters on the proposed
of 1880 were criticel of the
statement, “Since the prospect of curing-
mest beritable diseases causzd by
mutagens in the nesr future is unlikely,
minimizing exposure to mutagens is:
arrong the bast gvailable means to
protect againet further deterioration of
the human gena pook” At the prasent
tina there i no direct evidence in.
humans that heritable diseazes are
haing ceused by chemical mutagens, and
thsre is no evidence of deterioration of
thegmpoo&.'i‘hhmﬁmhnbm
delated.
Several commanters mbim:wdtotho
siatement, “Mutations are largely
ss being delatericus.” end

v dues not agres-that:

poinled out thet many mutations are
gilant orhave 2o offect. In the cuzrent

propascd Guidelines, this sentencs hes

hean changed to read, "It is generally
recogniced that most mutations that are
phenotypically expresced are in soms
ways delstesiove to the organmm
carrying thom."

One commsater requested an’
explanstion of how mutegenicity
guidelines would be adminiatersd snd
requasted a statement indicating
requiraments for genetic toxicology
testing in premarket manufacturing
noticas. The Agency believes that the

in the current proposed

languegs.
- Guidslines clearly states that they wiil

be-uzad to:sssess risks asscciated with
human exposure.io chemical mutagens,
Requirsments for genetic toxicology
testing are the responsibility of the
appropriate Agency office.
EB. Concapts Relating to Heritable
Geonstic Risk

One commentsr objected to the
definition of a mutegen becauas it was
not limited to stable and heritable
altornations in the DNA. The Agency
agroes that the uitimate end point of

coaceen for the purpose of the curvent
Guidalines is heritable and

stabls mutstion. Por gens mutations,

heritability is an-obvious and nacogsary
componest, since all tests used to detect
gene mutations actually detect mutant
cells or organiams that are descendants
of the trested calls. The sams is not
always trae for certain cytogenatic end
points, such as chromatid breaks, ete.
which may be dstected in the same call.
ton in which they occur. Since

theze latter end points provide
information relevant to heritable .
mutation, they will be considered in any

mutegenicity assesement. As & rasulf,
the Agency feals that the genaral
definition of & mutagen as usc in these
Guidelines is appropriate.

C. Testing Systems:
One commentar folt that most

cytogenatic end points thet ere rentinsly -
- evaluated (e.g. chromosoma hearls, :

micromuciei) are pot transmitted, and
thesefore, are not gormane to the zsue
of heritable mutation. The Agency
disagrees. Although it iz clear that calls
that carry such eberrations generally do
not reproduce, other related abarraticns
{i.e.. balancad translocations,
inversions, smell duplications, sud
deficiancies) ars compatible with ceil
survival in germ cslls and cen be
tranamitted. Additionally, there is no.
evidence indicating that the non-
teanamissible absrrations ccour by
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ation test sysiems (one of which
zed mammalian calls) or positive
onses in two different somatic
genetic tests (one of which utilizes
nmalien cells), coupled with

icient evidsncs of germ-csil

raction in both caes. Alternatively,
combination of a positive fnding in

mammalisn
ong m&mmaﬁ?:mm

sufficient evidence of germ-cell
raction also provides sufficient’
ience of potentisl human
.agenicity. The demoatration of
itable effects induced in mammalian
1 cells iz by itself sufficient evidencs
mutagenicity.
fany commenters objected to the
erion that considers a chemical
© .agen a potential human germ-cell
.agen if there is “evidence for the -
sence of the test substance and/or its
:abolites in mammalian gonadal
ang.” First, they pointed out that the
sence of a chemical in the testis or
ry does not necessarily mean it has
cted with germ-cell DNA. Such
dies are generally performed with
iolabeled chiemicals, and it is

sible that metabolism of the
apound could result in incorporation
he radiolabel into normal celiular
cromolecules. The Agency recognizes

aseays and to germ cell rather than
somatic czll data, is currently the most
sppropriate way to evaluate the
information from & variety of systems.

E. Quantitative Assesament of Resulls

Seversl commenters expressad the
cpinion that it iz not possible to
gquantitativaly express the risk of genetic
diseace from exposure to a chemical,

_ gnd therefore no attempt should be

madeto do go. The Agency does not

' suggest that it i necessarily poesible to

gencrate a numerical estimate of the
genatic risk that will result from
expocurs to any particular chemical. It
is well-recognized and documented that
the mutational component of certain
.categories of human genetic disease is
not known. However, mutagenicity data
have been used to generste semi-
quantitative estimates of the impact of
ionizing radiation on genetic disease(5,
6). The current propssed Guidelines
state the Agency's commitment to utilize
existing relevant mutagenicity data to
give some estimate of potential human
mutagenicity. All such estimates will
include a ceyeful delinestion of the
assumptions and uncertainties
associated with the assessment.

Many coramenters cbjscied to the use
of “linear or nonthreshold medsls” for
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heniems different from transmissible  the shoricomings in the various criteria low-doze extrapclation on point
rations. used io detormins whether 2 mutagen - mulstion rates. The Agency ‘
:veral commeniers requested that interacts with i DNA. As a acknowledges that linearity and the -
Agency establich minimsl criteria by  result, in the cusrent Guidelines, two presencs or absence of 2 threshold are
ch assays are o be judged forusein  categuries of such evidence have been separate issuea. The Agency will strive
apaessrant daterminations. The sdopled, Sufficient svidance that a, to nse the moal appropriate
ngy believes that+io lict & specific set mutegen interacts in the mammalien exirapolation model for risk enalysis
siteria that mest be met for each gonad will bs the demonstration thet an  and will be guided by the available data
-1y before the Agency evalvatesdata  agent Inlerects with germ-cell DNA or im this selection: Howevez, it is .
Jd bs overly restrictive and other chromatin constituents, or hatit = anticipated thet for whole-enimal germ-
'propriate. Date gerwirdinany -~ induces such end points as unscheduled  cell assays, fow dose points will be
thet measures o7 costelates with  DNA symibesis, sister chromatid svailable to define a dose-response
12 genetic end point may provide exchange (SCE}, or chromosomal function In thess situations there is a
& useful information. The Agsney aberrations in germinal calls. Suggestive  hanraticnl basia for a linser, '
sves that the genoral protocels and  evidence will include advess gonadal nonthreshold extrapolation provided
;:'ig for dats wa!mﬁ@ii efhtablish&dx effects fgl’gwing acéxte. subchrenic, or that no major germ-cell killing (and thus -
e expsst committess e Phaga- chronic city testing or adverse :
“e-Tox Pwmxﬂgs wall aadother @ raproductive l:g‘ecm. suchedaa decrsased n;smblc cell selection} has occurred(z
ces provide cient guidance for fertilization indesx, reduced sperm count, s
12 planning to conduct mutagenicity  or abnormal sperm morphology. a4 ug:&g%f?;g?ﬁ ggﬁ&?&ﬁ; te
= A Onu e: !nu-ie;xae: ;ﬁ?}ﬁggg: to rely on tests for structural
Vaight-of-Bvidence Approach tests which wogld place more emphasis chromosomal aberrations than on gene
sveral commentes suggested thet the  gn test sysiems more relevant to human ~ Duietions, perticularly emv::laa many
sht-of-gvidence section required bsings. The Agency has explored the diieeses. can be more readily associated
ification of the phrase, “pozitive possibility of developing such a scale with an identifiable chromosomie
onse in any two different point and has concluded that the assignment ~ abnormality. The Agency agrees that
ation test systems,” because this of fixed values for cach test system associations between diseases and
18¢ may be subject to various could be overly simplistic and might not  Specific chromosomal changes canbe
rpretations. The Agency agrees that  gllow for the consideration of such estimated. This concept is weil
section as proposed may have been  variables as dos range, routs of desumentad and has been discussed at
s nihemai Tt Sromn bt e, ks e NAS eer Gy Somne,
curpaint i e  Ths balisves that the schome in. .
iciont evidanes of potential human. the cusrent proposed Guidelines, which  mutations, and such techniques have
agenicity to inclnde positive genarally gives greater weight to bean used for some tme for effects of
onses in any two different mammalisn rather than submammalian  ionizing radiation(5, &). Bscause the

" spectrum of mutationsl effects induced

by different chemicals is known to be
variable, the Agency belisves that it is
necessary o perform estimates on all
end pointa. ‘ ‘

One commenter objected to the
omission of the dominant skelstal and
cataract mutation systems for
quantitative rizk asseasment. The
Agency racognizes that these dominant
mutation sysiems do have relevance in
the preparation of quantitative risk
sssessment alddg with specific-locus
test systems. The current proposed
Guidslines have been medified to
include both types of tests.

UL Propossd Guidelincs
A. Introduction

This section describes the procedures
that the U.S. Environmental Protection
Agency will follow in evaluating the
potential genctic risk agsnciated with
human exposure {o existing industrial
chemicals and to pesticides. The central
purpose of the health risk agsessment is
to provida a judgment concerning the
weight of evidence that an agent is a
potential human mutagsn with respect
o transmitted gonetic changes, and, if
85, how great an impact it is likely to
have on public health. Regulatory
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decision making involves two ths nature and magm'mde‘ of functionu! heelth impairments. These »
nts: Risk asecozmaont and risk uncertainties need to be charactssized. cunditions may be expressed in vero: at

managomant. Risk assezament estimates The procedures sst fori in thess the tima of birth: or during infancy,
the potsntiel adversa horlth Guidelinss will ensure cunisistency in childhood, sdolescence, or adult life;
consequennes of exposure to toxic the Agency's scientific risk assczamenis  they may bs chronic or acute in nature. @
chemicals; risk manegement combines for mutagenci effscta. The nrcessity for  Aa & teault, they ofien have a severe
the risk assgscrreat with the directivea a consistent approach o the evavlation  impect upon the zffectad individuals
of tha ensbling regulstory leginlstion-—  of mutagsnic rizk from chamical and their familes in terms of physical -
ther with sor~ _=.7zomic, technical,  subctances ariscy from the authority and meatal suifering and economic
tcal, and othar consideraticas—to conferred upon the Agency by @ number  lgsses, snd upon scciety in general,
reach a decision as to whather or how of statutss to regulate potential which often becomes respaonsibie for .
much to control future exposure to the mutsgens. As appropeisle, thess institutional care of zeverely affected

ty asseszment.

answers the question of how likely an
agent {s to be a humsen mutagen, The
thres remaining cormponzats comprise
quantitativa risk assessment, which
provides a numsrical estimate of the
public health consequances of exposure
to an sgzat. Ths quentistive
muotegenicity risk ascesament deals with
the question of how mach mutational
damzgs is liksly to ba produced by
exposurs to a given agent undar’
puﬁcnhruxpcmmmmﬂ

nsa assessment, the
rehtiomhip betwesn the doss of a
chamical and the probability of
ﬁmofmme%ahdwn&

exXposuIa expecied from
buman contact with the chamical in ths
eavironment.,

The exposure acsessment idantifies
pogulaticans exposed-to toxdc chamicals,
dw:rid bes thaitrh enmpam
and presents the types,
frequmdel. and duraticas of exposm

the chemcials, This componentis |
dcveloped indapendently of the other
components of the mutagenicity
assezsment and is addressed in separate
Agency guldelines{9).

risk characterization, the outputs of
lhe exposturs assessment and the dose-
response assessment are combined to
estimate titatively the mutation
risk, which is expressed as either
esimated Increase of generic disense par
. Ecnmﬁonor per lifetime, cr the
actionel increasa in the assumed

background mutation rate of humans, In
each step of the agsessment, the
strengths and weaknescas of the major
assumptions need to ba presented. end

* Guidelines wili appiy to ofatutas

administered by

.the Faderal !ns&:ticids. F\m@dd&.

Redenticide Act; ihe Toxis Substances
Control Act; the Clean Air Act; the
Federal Water Polintion Control Act; ths
Safe Drinking Watsy Sct; the Resgurce
Conssrvation and Recovery Act; and the
Compschensive Environmentel
Response, Compensation, end Lisbility
Act. Becausa esch statute'ia
edministerad by soparsis offices, a
consistant Agency-wide approach for
performing risk mumsmems is
desirabla.

The mutegencity rick aszescments
prepared pursuent te these Guidelines
will be utitized within the requirements
and consiraints of the applicable
statutss to ervivs at regulatory decisions
concsraing watagenieity. The standords
of the applicable statntes and
regulations may dictate ﬂmt sdditional
considerations {e.g. the economic end
gocial benefits associated with use of
?& c?nemieal mch;:gmmncs! will mguhm inte
play apprapriate tory
decizicns,

The Agency iscanaamdwithtbsm&

_ aszociated with both germ-coll

mutations and somatic call mutations,

. Mutations earried in gerz cells ere

inherited by future gencrations end may

) conuibutamgansﬁcdismmwm

mutations cceurring in ssmstic cails
may be implicated in the eticlegy of
several disgasa states, inclnding cances,
Theea Guidslines, howeves, ara only
concarned with gezatic damage as it
rolates to germ-coll mutations, The uzs

'ofmungmxywmmmiathe

assessment of carcinogenic fisk is
described in the propozad Guidslines for
Carzinogen Risk Assegsment(20).

As a result of the progress in the
control of infactious diseasns, incresses
in averages human life apas.ﬁ. and bettar
proceduras for identifying genaﬁc
disorders, a considerable Eeritable
genatic disease burden has been
racognized in the humar population. It is
estimatad that st least 16% of all humen
disease is ralated to spacific genatic
states, such 28 abnormsi mmﬁm
arrangement, or dosage of genes and
chromoscrass(Z, & 27). Such gensti
disges=3 can lesd to structural or

|
|

|
0

imdividuals, Some examples of genatic
eonditions are Down's and Klinefelter's
syndromas, cystic fibrosis, hemophilia,
siclde coll anemia, snd achondreplastic
dwearfizm, Other commonly recognized
conditions that ars likely to bave.a
gematic cempanem include
hypescholesteralaimis, hypertension,
pyicric steacsis, gicucoma, allergies,
savera! types of cancer, end mental

-retardation. These disorders are only a
. fow of the thousands that are at least

peztially genetically determined(12}).
Estimation of the fraction of human
genetic dizease that results from new
mutation is difficult, although.in certain
specific cases nghm are avadable(z.?).
It i clear that recusring mutation is
importent in dotermining the incidence
of eortain genstis conditions, such as
soma cremesamal aberration
syadromas {2.g. Down's) and rare
dominant snd X-linked recessive
disesses {e.g., achondraplasia and
bamophilia A). For sther -mgle-factnr
conditions {.g.. sickle-cell anemiz and
coler hlindness) and cartsin
muitifactoriel conditions (e.g. pyloric
stenonis), the contsibuton of new
wmuiations io discsse fsguency is
praobably wazy small. Howaever, it is
ecnueslly recognizad that most .
swtations wat are phonatypically
s sre i some ways deletesions
to the renmiving them. Adverse
effacts way be menifested at the
hicchornical, celinlar, or physiological
levels of orgasization. Although
mutations ave the building blocks for
ferthar evaintionary change of speciss, it
is balicved that incieases in the
mutation rate above the spontansous
leval conld lend {0 an sccumulation of
deletesious mutstions in the human
populstion and, to & vurying extent, an
incresssd frequoncy of expressed
genetic diseans,
Life iz cor technological society

resulls in exposuce to many natural and

symtketic chemicals. Some have been
ehawa t» have mutagenic activity'in
mommalion snd submammslian test
oyeiomms, and (hes may bhave the
potsntial to incrsese genatic damage i
the hesran population. Chemicals
exhibiting mutegenic activity in varicus




gonstic affects. Tha extant to which
expoeure {o natural and synthatic
envircamantsl agenis =~ 1y have
inereaesd the amonns of geastic damage

in the prescnt buman popciation and

contributed to the mutaticasl “load™

. that will be transmitted to futize
generations is unknown at this time.

" Howevez, for the reeeons cited above, it

' -secms predent to limit sxpogures to

potentizl humen mutegens,

1. Connepts Relating to Heritable

R.ategenic Rislk

For the purposes of these Guidelines,

a mutagen is considered a chemicel

substance or mixture of substances that

" can induce alterstions in the DNA of
either somatic or germinal cells. The
mutagenicity of physical agents {e.g..
radiations) iz not addressad here. There
are several mutagenic end points of

" concern to the Agency. Thess include
point mutations (L.e., submicrascopic

. changes in the baea segusncs of DNA)
and strachirel or numerical
aberzaticans. Structural sbeations
include deficienciss. duplications,
inversions. end translecations, whereas
numerical aberrations are gains or
losses of whale chiomeiomes {e.g.,
irisomy, monogzomy) or sets of
chromosomes (haploidy, polypleidy).

It is concsivable that only one or a
few molecules of an active compound
may be sufficient to cause cartain types
of heritable changes in DNA. Mutagenic
effects may also come about
mechanivms other than chemical -
alterations of DNA. Among thess are
interference with normal DNA
synthesis, or inducticn of DNA
misrepsair, DNA methylation, abnormal
nuclesr division processes, or lesions in
non-DNA targets (e.g., protamine,
tubulin). :

The best evidence that an agent
induces heritable mutations in human
beings would be epidemiologic data
indicating a strong association between
chemical exposure and a heritable
response. Such data do not exist at this
time because any specific mutation is a
rare event, and only a small fraction of
the estimated thousands of human genes
and conditions are currently useful as
markers in estimating mutation rates.
Human genetic variability, small
numbers of offspring pes individual, and
long generation times further

linkad recessive mutations, and cartain
chromoscme aberrations can be
detected in the first generation after
their occurrence. Conditions caused by
sutoeomal recessive mutations (which
appear 1o occur move frequently then

dominants) or by intsraction of muitiple B

factors may go {or many
generations. Therefors, in the abssnce of
buman garm-call data, it is appropriate
t5 rely on data from experimental

. snimal sys

tems.
Daspite species differences in
mstabolistn, DNA repeir, and other

‘ siological aff
g;ay xoogimu processes affecting

tagenesis, the virtnal

uaiversality of DNA as the genetic
materini and of the genctic code :
provides & rationale for using various
nonhumen test systems to predict the
intrinsic mutagemicity of test chemicals.
Additional support for theuse of
nonhuman systems is provided by the
obeervation that chemicals causing
genstic effects in one species oz test
system frequently cause similar effects
in other species or systema. There also
exists evidence that chemicals can
indues genetic damage in somatis cells
of exposed humans. For example, high
dosee of mutagenic chemotherapeutic
agenis have been shown to causs
chromosomel abnormalitiea(14), sister
chromatid exchange(74), and, quite
Fmimbly. point mutations in human

ymphocytes exposed in vivo(15). While
these results are not in germ cells, they
do indicate that it is possible to induce
mutagenic events in human cells in vivo.
Furthermore, a wide variety of different
types of mutations have been observed -
in humans including numerical
chromosome aberrations, translocations.
base-pair substitutions, and frameshift
mutations. Although the cause of these
mutations i uncertain, it is clear from
thesa observations that the human germ-
cell DNA is subject to the same types of
mutational events that are observed in
other species and test systems.

Certain test systems offer notable
advantages: Cost; anatomical,
histological, and/or metabolic .
similarities to humans; suitability for

" handling large numbers of test

organismas; a large data base; and a
basis for characterizing genetic
events(10).

* 2. Test Systems

Many test systems are currently
available that can contribute
information about the mutagenic
potentis! of a test compound with
respect to varicus genetic end points.
These tests have recently been
evaluated through the EPA Gene:;Tox

and the rssults of Phase I have
been published(d). The Agency's Office
of Pesticides and Tosxic Substences has
published varicus testing guidelines for
the datection of mutaganic effecta(16,
7).

Test systamo for detecting point
mutations includs these in bacteris,
eukaryotic microorganisms, higher
plants, insscto, mammalian somatic czlls
in culture, and germinal eslls of intact
mammals {o.g., the mouse spscific-locus
{aat). Positive results in 2 mouge
germinel'gene-mutation teat argue
strongly that a chemical is a potential -

" humen mutagen because such tests
' demonstvate the? the mutetions ccour in
mammalian

gorminel cells and are

trangmitted to the next generaton.
Howaver, beczuse large numbers of
offspring mnst usually be generated, it is
not expacted that many chemicals will
be tested using these systems. To obtain
data on a large number of
environmental chemicals, it will be
necessary (o rely on other tests to
identify and characterize hazards from
gene mutations, .

Test systems for detecting structural

‘chromosome aberrations have been

developed in a variety of organisms
including higher plants, inzects, fish,
birds, and sevaral memmalian speciss.

.| "Meny of these azsays can be performed
In vitro or in vive, and in eithergerm or -

sometie calls. Procsdures available for
detecting structural chromosome Ce
aberrations in mammalian germ cells
include measurement of heritable
transiocations or dominant lethality, as

“well as direct cytogenetic analyses of

germ cells and early embryos in rodents.
Some chemicals may cause numerical
chromosome changes (i.2., aneuploidy)
as their sole mutagenic effect. Thesa -
agente may nct be detected as mutagens }
if evaluated only in tests for DNA
damage, gene mutations, 6z chromosome
breakage end rearrangament. Therefore,
it is important to conaider tests for
changes in chromosome number in the
totel assessment of mutagenic hazards.
Although tests for the detection of
variation in the chromogsome number are
still at an early stage of development,
systems exist in such diverse organisims
as fungi, Drosophiia, mammalian cells in.
culture, and intact mammals {e.g.. mouse
X-chromosome lozs assay).
Nondisjunction and chromosome lagging
are recognized sources of numerical
aberrations, Aneuploidy can also arise
from chromosome breakage and reunion
followed by segregation{18). The
mechanmisms by which nondisjunction
occurs are not well understood.
However, proteins {e.g., spindle
apparatus), rather than DNA, may be
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tha targst molocules for at lsast some arsessment scheme as better test *:eakaryeﬂcfcallszthnnjn ‘prokaryotic
um(:hulimnmmr sms o indnmdm noadisiunction.  systams become available. colls.
I i m nalpn mutagenicity 2, Qualitative. Asscssment (Hazard 2. Chemical Interactions in the
of a chamical can be dtected by 8 Identification) ‘Mammalian Gonad
variety of test systams, Such tests Tha asssssment.of potentinl human g for.chamical interaction in
oo DA e i syt o SeTclmtageia k£ i gy dee o chemlealntraton i,
prokuyoﬁc calls, umche&u!ed DNA process. The first step is:an analysis.of  _gifferent types of findings. Each
synthesis in mamxalian somatic and the evidence bearing on & cliemical's .chemical under consideration needs to

germ cells, mitotic recr nbination and ability to induce mutagenic avents, e extensively reviewed since this type
gene oonvaﬁ!on n;sam, and sister- whils the second step involves an -of evidence may be part of testing
chromatid exchangs in 1~ :mmalian anelysis of its ability to produce these o oy, give of mutagenicity per se (e.g.
somatic and germ cells. Results in these  events in the mammalian gonad.:All reproduction, metabolism,.and -

ssoays are usafol becauss the induction
of theza end points often correlates
positively with the potential of a
chamical to inducs matations.

In general, for all three ufcmta (i.e.
point mutations and nurmeri:
s'ructural sberrations) the Agency will
place greater weight on tests conducted
in germ cells than in somatic cells, on
tests performed in vivo rather then in
vitro, in eukaryotes rather than
prokaryotes, and in mammalian spacies
rather than in submammalian species.
Formal numerical weighting systems
have bzen developed(19); however, the
Agency has concluded that these do not
readily accommodate such variables as

dosa range, route of exposure, and

malgtuda of response,
Agency anticipates that from time
to time dats from
Cytopenetio markers tn peripberal

1 [ )
mm}. When posasible, the
Agerncy will uss such data in
conjunction with other studies for the
purpoes of performing risk asgessments,

The test systems mentioned
are not the oniy onses that

will provide evidenca of mutagenicity or
nhud DNA effects. These systems are
enumerated msraly to demonstrate the

- breadth of the available techniques for

chargcterizing mutagenic hazards, and
to indicate the types of data that the
Agezcy will consider in its evaluation of
nmtaganic potential of 2 dmmica.l agent,

systems possess certain
l!mit'itiom that must be taken into
account, The selection and performance
of appropriate tests for.evaluating the
risks associated with human exposure to
any suspected mutagen will depend on
wuml scientific judgment and

ence, and may necassitate
consultation with geneticists familiar
with the sensitivity and experimental
design of the test system in question. In
vlag :c{ t;m ra;t:!ig :;vmcaa in testﬁm
me ology. snCy expects t
both the number and quality of the tools
{or assessing c risk to human
baings will increasa with time. The
Agency will clogoly monitor
davelopments in mutagenicity
svaluation and will refine its zisk

Ll

relevant information is then integrated .
into a weight-of-svidence scheme which
presents the strength of the information
bearing on the chemical’s potential
ability to produce mutations in human
-germ cells. For chemicals demonstrating
this potential, one may decide to
proceed with an evaluation of the
quantitative consequencel of mutation
following expected human-exposure.
For hazard identification, it is clearly
desirable to havedata from mammalian
germ-cell tests, such-as the mouse
gpecific-locus test for point mutations
and the heritable translocation .or germ-
cell cytogenetic tests for. structural
chromosome aberrations. It is
recognized, howaver, that in most
instances such data 'will not be
available, and alternative means of
evalustion will berequired. In such
c2ess the Agency will avalunte the
evidence bearing on the agent's

. mutagenic activity and the agent’s
. ability to reach:and interact with or

affect the mammalian gonadal target.
‘When evidence exists that an agent
posszeasss both these attribmes. itis
faasonable to deduce that the sgent is-a
potential human germ-cell mutagan.

1. Mutagenic Activity

In evalvating chemicals for ‘mutagenic
ectivity, a number-of factors will be
considered: (1) Genetic end points (e.g.,
gene mutations, structural.or numerical
chromosomal aberrations) detected by
the tast systems, (2) sensitivity and
predictive valua of the test:systems for
various classes of chemical compounds,
{3} number of different test:systems used
for detecting each genetic end point, (4)
consistency of the results obtained in
different test systems and-different
sgpecies, (5] &spects of the dose-response
relationship, and (6) whether the tests
are conducted in accordance with
appropriate test protocols agreed upon
by experts in the field. .

The array of mutagenicity tests
availahie will be reviewed within the
following qualitative perspective:
greater weight will be attributed to tests
conducted in germ cslls than in somatic
cells, to studies in mammalien cells than
in submammalian cells, and 10 .studies in

‘mechanistic investigations). Although it
.-is not possible to-classify clearly each

type of information that may be
:available on a chemical. two possible

-groups are iliustrated.

‘Sufficient evidence-of chemical

“interaction is given by the
demonstration that an:agent interacts

with germ-cell DNA or.other chromatin
‘constituents, orthat it induces such-end
.points as unscheduled DNA synthesis,
-sister-chromatid:exchange, or
chromosomal aberrations:in germinal

.cells, Positive results in a mammalian

germ-cell mutation study also
demonstrate the action of the chemical
in the gonadal targst cells.

‘b. Suggastive-evidence will include
the finding of advarss-gonadal effects
followirig acute, subchronic, ‘or chronic
-toxicity testing, or findings of adverae
:raproductive effects, which are

-consistent with interaction wnth germ
‘cells.

3. Wenght-of—-EvidenceDetermination
The evidenca for a chamical's ability
‘to.produce mutations and to interact
‘with the germinal target are integrated
‘inio a weight-of-evidence judgment that

- the-agent may pose a hazard ez a
potential humsn germ-cell:mutagen. All

information bearing on the:subject,

- whather indicative of potential concern

‘or not, must be svaluated. Whataver °

-svidence may exist from humans must

-also be factored into the assessment,
Information’available will vary
greatly from chemical to chemical
‘because there are :many mutagenicity
test systems, and.there has been no
‘systematic attempt.to-develop

information-on all chemicals of concern.

“The responses:noted for different tests
‘may also vary from chemicalto
chemical since often ane.does.not find -
~consistent positive or-negative:results
across ail tests. Chemicals: may show

. positive. ef{ects for scme end points:in

some fest systems, but negative
responses in others. Eack review must
take into sceount the limitations in the
testing and in the types of responses
that may exist.

-+
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Te provida gridancs as to the

_ categorization of the waight of evidencs,
8 clasgification schems is presantsd to
| f“m“f;?;é“?.;‘“m“‘”“mm e

o of the information hearing on

 the potantiol for human gesm-call
‘mﬂamicity(fah!ai}.nmmammbh

toinusmwanpom aamhmtimo&

‘rablni end diser s pravigusly in
ssctions 1, 2, and 3 mmst all be

eomsidered in an sssssement of
mutagenicity. In addition, certain
msponm in teats thet do not measurs
well-dafined mutageniz end points (e.g.,
SCE induction in memmalian gorm cells)
oz germ-coll teats in higher eukaryotss
{2.g.. Drosophila tzsts) may pmvide a
Bsazis for reising the weight of svidenze
fromm ons category to another,

Sufficient evidencs for potential
human gem-call mutsgenicity would
include cases in which positive
rasponass ars demonsirated in a
mammalien germ-cell test. Ales, in
general, sufficient svidenss exists when
thene is confirmed mutagenic sctivity in
ather test systems (positive responses ia
=t lazst two different lest systeras, at
izast onw of which i3 i mmaﬁ&n
celie), and there is sufficient ovidence

gorin-cell hmmmmdaﬂmd
abova,

Suggesiive ewidm encsMpagees 8
weight-of-evidencs category between
sufficient and limited that includes
cages in which there is some avidsnce
for mutagenic activity and for
interaction with colls, :

Limiled evidence for potential humsn
germ-call mutagenicity exiate when

.ovidence is available cnly foe
wutagenicity tests (othae than
mammalisn germ cells) o2 only for
chemical intuacﬂons in the gouad.

TM%&Q&W@@
Bviderzs for Potaztial iamws Gemm-Cell
Mutaganiaity o :

1. Sufficient svidance existe w!xm positlvc
responses are demonstrsted i

a. at least cas /o vivo mamrmslien germ-call
mutation tast, or

b. at leest two point mutation tests (at loast
one in mammalian calls) pluz sufficient
ovidence that the chemical interacts with
meammalian germ calls, or

¢ least two structural chromosome |

* Takes into considaration the extsat.
Quality, and consistency of responses bearing
* on an agent's ability to product mutagenic
events and 1o interact with the mammalisn
gonadal terget. Nonmutagenic test
(8.8 SCE in germ calls) may help to elavate
. evidance of mutegenicity fram one nategm'g
to another,

&Mmeﬁdmaﬁsﬂh&mm

{a which there ore positive date for both
mulagenic sstivity and svidencs for chemical
: Mmmthgenad.buuham{s

loge thon sufficient. This category is
mﬁmﬁd&ghmmdhetemgmmtnm
imost sufficient to

m'm Umitad,

8. Limiied avidance denotes a siluation in
wisich

ammm(at!Momhmmmm
caile] plas sufficlent avidoncs (hat the
Mwwﬁhmﬂum
colls, o2 -

d. onz geng mutaticn aseay in mazunalian
cuils and one struciural clwomosonte

‘abarraticn test.in mammelisn cells and
- eufficient evidence for chemical interaction

writh sxemmalian ger calls,
Designation of evidence ag limited does

. not pracluda the vss of such information

to sat pricritiss for fusther testing or to
mponaﬁgiorpmmﬁad :
Although definitive proof of

‘nonmutagenicity is not possibls, it
?:ma appropriate that & chemical could

ed oparationally as not a
bumen germ-cell mutagen, if it gives
negutive yesponses in those test systems
that together fulfill the criteria (i.e., all
selevans sad points) for sufficient
svidense of & potential humean germ-cell
wmuiagsn, providing that all assays have

bson properly periormed. Tast systems
usad to define & negative should be

-capable of detscting week responses

{adequate statistical power) and should

be appropriate for the chemical or class ,

of chemicals vnder investigation.
Negative gvidence of chemical
Interaction in the gonad in the presence
of avidenca of mutagenic activity my
still SOme Concwrn in
somatic effscts(70). Other eombinnﬁom
of relsvant infermstion will most likely
require -c29¢ gvaluation, It may
aleo ba possible to operationally defins
& chemical as 6ot being a humen germ-
call mutagen baged on negative results
from ether assays which provide
information about mutagenicity and/or
interaction with germ-cell chromatin.

C. Quantitative Assessment
The preceding section addressed

_primarily the processes of hazard

identification, i.e., ihe determination of

whether a substance is a potential germ-
cell mutagen. Often, no further data will
ba available, and judgments will need to

" be based on meinly qualitative criteria.

For quantitative rigk assessment. further
information is required, namely,
dstermination of the heritable effect per
ueit of exposure (dose-response) and the
relutionzhip between mutation rate and
dizsease incidencs. Dose-responss

infarmation io combined with t
anticipated levah and patterng of -
human exposure in ofder to derive a
quastitative assessment (risk : o .
characterization). ‘ ST
1. Desg-Responss : 5

Two approaches io obtaining dose-
respones dats ars aveileble. Cne
approach regiires axpmsmenml data en
germinel mutations induced in intact .
memmals, Soveral teat systems may "
provide such information, e.g. the
mouse heritable iranslocation, dominsnt
skeletal, dominant cataract, and

. gpecific-locus tests. Although the

dominant skeletal and catarsct assays

‘have the advantage of messuring

dominent mutations, the heritability of
choerved effects has not been clearly
demonstrated. The experimenta] data on
induced mutation frequency are usvally
obtained at exposure levels mueh higher
then thees that will be experienced by
buman beings. An assessment of human
risk is obtained by extrapolating the
induced mutation frequency or the -
observed phemotypic effect dovwnward
to the approximate level of anﬁcipated
human exposure.

The Agency wiil strive to use the: most
appropriate extrapolation models for .
risk analysis and will be guided by the _
avaiinble data and machanistic
considerations in this selection.
Howeves, it is anticipated that for tests
involving gesm cells of whole mammals, —
few doas points will be available to’
define dose-response functions. In thesa
situations certain theoratical .
considerations will apply(20). For point
mutations, linear extrapolations with no
threshold may be used as a conservative
approximation, provided the results’

- allow cme te rule out major germ-cell
selection. For structural chromosome . .

° pearrangesients such as heritable
translocations, linear extrapolation of

the experimental data is thought to -
overestimate the risks at low levelz of
exposurs and use of & multiple-hit model

is mors appropriate. . .

The gecond experimental approach for
quantitative agssasment of genetic risk
uses molecular dosimetry data from
intact mammals in conjunction with’
mutagenicity and dosimetry data from
other validated test systems(27}. The
intact mammal is used primarily for.
relating the exposure level for a given
route of administration of a chemical to
germ-cell doge, Le., the level of mutigen-
DINA interactions. This informatiozi is
then used in conjunction with results
. obtained from mutagenicity test systems
in which the relationship between the -
induction of mutations and chemiczl
interactions with DNA can be derived.
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Using mutagen-DNA interactions as the

™~ commoa denominator, a relationship

can be constructed between mammalian
exposure and the induced mutation
frequéncy. The amount of DNA binding
induced by a particular chemical agent
may often be daterminad at levels of
anticipated humean exposure. This
approach is still experimantal and its
application involves many unknowns,
m‘mlbmdus le diflerences batween

germ calls zud cells of the
reference system with regard to types of
genetc damage induced and magnitude
of repair,

For soma mutaganic events, DNA may
not necessarily be the critical target.
Interaction of chemicals with other
macromolacules, such as tubulin, which
i3 involved in the separation of
chromosomas during nuclear division.
can lead to chromosomal .

- nondisjunction. At present, general
approaches are not availahis for dose-
responss ansessments for thesa types of
mutations. Ongoing ressarch should
provide the means to make future
assessments on chemicals causing
anauploidy.

2. Exposure Assessment

‘The exposure assosemant identifies

populations expoesd to toxic

1nd presents ‘t’!lx; typa;. mgonfimdns.
irequencies, durations of expozure
to tha chemicals. This component is
daveloped independently of the other
componants of the mutagenicity
assesement{g).
3, Risk Characterization

risk

pesf ty
assessments, Itis to consider

sach genatic end point individuelly, For -
chemical

example, al certain

substances that interact with DNA may
causa both point and chromozomal
mutations, it {s expected that the ratio of
thesa events may differ for individual
chemicals and batween doses for a
given chamical. Furthermore,
transmissible chromosomal aberrations
appenr to ba inducibla with higher
frequencies in maiotic and postmeiotic
germ-cell stages, which have a brief life
span, than in spermatogonial stem cslls,
which can accumulate genetic damaga
throughout ths reproductive life of an
individual. For these reasons, when data

ara available, the Agency, to the best
extent possible, will assess risks
associated with all genetic end points. -
Anyrisk-assessment should clearly
delineate the strengths and weaknesses

. of the data, the assumptions made, the
. uncertainties in the methodology; and

the rationale used in reaching the

conclusions, e.g., similar or different ¢

routes of exposure and metabolic
differences between humanj-and test -
animsls. When possible, quantitative
risk assessments should be zxpressed.in
terms of the estimated increase of
genetic disease per generation or:per
lifatimes, or the fractional increase.in-the .
assumed background spontaneous

. mutation rate of humans{5). Examples of

quantitative risk estimates have-been
published (6 22); these examples may be
of use in performing quantitative risk
assessments formutagens. e
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m& PROTECTION » References and :upporting; documents in the Agency’s.assessment of
AGENCY used in the preparation of thase devalopmental toxic effects.
Guidelings as wall as comments - Approximately 50% of human
(Pr-2708-7) nd copying at the Pibhe intigen  ooeptuses fail o reach termi3, 41,
copying at the | c: on -appreximetely 3%.of newborn chi
Propoged Guidelies for the Heaky Raference Unit (202-382-5028), EPA ‘are found o have cne or more
Aszoeamant of Headquertors Library, 401 M Street, significant tal malformations at
Deveiopmants] Toxicants SW., Washington, DC, betwaea the ‘birth, and, by the end of tha first
Priviroamental Protestion hours of 8:00 a.m. and 4:30 p.ra. ‘postnatal year, about 3% more are found
S . to have sericus davslopmental defects
Agency (EPA). ’ Datad: Novembar 9, 1984, 0 DAy b
ACTION: Proposed Guideh.iss for the WIkkizm D. Ruckeleheus, ;m(& 2. n;ﬂ;“ﬁmm |fomwd.$n‘.ﬁ :gu.med'by
Health Assessment of Suzpect Administrator. ‘miutations, 10% are sttributable to ‘
m&l Toxicants and Request Contonts I-knownmvimnmmﬁx:’tal factors, and the -
. L Intreduction remainde? resuit from unknown causes
aaeany: The U.S. Environmental I Definitions and Terminology . ‘
Protection Agency is proposing o mwmz ; agents have been'shown to
Guidelinzs foe the Health Asszzement of e ification of Developmen ‘'be developmaental toxicants in animal
Suaspect Devslopmental Toxicants A_%wmﬂ.’,,., Developmental ‘tast systems{8}. Several of them have
Guldalines). These Guidelinss ‘oxicology. Protocols: .elso:bean shown to be the cause of
(omodf)' within the H.cryaand ;hwlnm;&um ot Palats and ~adverse davelepimental effects in
ﬁomw%rk provllc,l:d by the 1. End Points.of Maternal Toxicity " bumans, inzluding alcohol, aminopterin, -
vario 2 End Points of. al Toxicity  busuifen, chlorebiphenyls,
arious statutes that EPA administers to by | Evaluation of Metemar g ety rol. Leotootinoi, organic
gfgc.ity data. wmgf blic cogget:{ «, Developmental Toxicity ' * maercury, thalidomide, and valproic acid
b mpum B psxim: t’"“ Teratology ‘ @, 10, 11, 12). Exposure to agents -
mﬁm these Ge‘?i:iianlitges. Grmd-t'ly'm Testing in Developmental affecting developmerit.generally results
&e Gnid;‘liine: will ba m!:iewed by the 1. In Vivo Mammalisn Teratology Screen }n mﬂﬁpleﬁmﬁgggmmi rmeni
ence Advisory Board in meetings 2.In Vitro Teratology Screens. ’ maiforma ; , X *
ooy enitivaly cheduled for Al - 3, onteatan” T Therefose, assesmamat cHons should
These proposed Guidelines E. Human Stud; : : encompass & wide erray of edverse
dnvn!omdup-nofnbmndg:i‘d:nnm P of Structure Mmﬂlmﬂmiztlmchﬂl
davalopment program under the G. Weight-of-Bvidence Determination spontaneous abartions, stillbirths,
anspices of the Office of Haalth and IV. Quantititative Assessment maiformations, and other adverse
Enviroamentsl Asssssmant (OHEA), B B Rozponse Asesment fanctional physical that occur
located inthe Agency's Office of , C. Risk Characterization postnataily. L
with the ole of OEISRS Bepopaonant V. Relercces assomsntonts prepated] putmnant to theos
role o 's uctive ; pursuant to
Effects Assessment Group (REAG) as L [ntroduction ‘, Guidelines will be utilized within the
the Agency’s senior health committes Thesza Guidelinas describe the - ‘requirements and constraints of the
for developmental toxicity assessment, procedures that the U.S. Environmental  applicable statutes to arrive a
the Guldelines were devalopad by an Pr:ltecﬁuzg Agmcga}nu folliow in i :teguhmmdeﬁ?:z;mv
Agency-wida wﬁing group chaired evaiua potan developmen -developmen o . e
the REAG. ' fred by toxicity associated wlth‘tl:lpm’g I Guidelinas .g;ovidn 8 genetr:l foxgatb ior
Coannen arked exposurs to environmental tox/cants. analyzing: -orgarizing the available
g;}ftmuy 22, ;;;gmt b‘.' postm - the past, the Agency has sponsored . «data for conducting risk assessments.
ADOREE3ES: Comments be mailed conferences and issued publications ‘The Guidslines do niot change any
or dalfversed to: Dr. Cu'oz.z. which addressed issues related to:such statutory of regulatory prescribed
Reproductt Eﬁ'ecu Aum% . evaluations(1, 2 3). These publications  standards for the type.of data Receseary
(RD-823), gé £ Health dan P provided some of the scientific basis for for regulatory sction. Moraover, risk. :
Environm taluA‘s)m en:nU S these risk assessment Guidelines, and  .assessmentis just cne component of the
Envimmnmtal Pmtec't;n Ag . W01M testing guidelinas have provided :regulatory process anmd defines the
Streat, svﬁn w onncency. protocois designed to determinathe ~  adverse health consequences of )
~ Washington, DC 20460, . potential of a test substance to induca exposure {0 & toxic agent. The other.
FOR FUNTHER IMFORMATION CONTACT: structural and/or other abnormalitiesin component, risk management, combines
Dr. Carole A. Kimmel, telephone: 202- the developing conceptus. The Agency’s  risk assesement with the directives of
382-7331. - authority to regulate substances that the enabling regulatory. legiglation )
SUPPLEMENTARY NIPORIIATION: A . have the potential to interfere adversely together with. socig-economic, technical,
draft of the Guidelines was'  with human development is derived political, and cther considerations to

sent for review to approximately 20
scientists in the field of devalopmental
toxicology within government,
universities in the United States, and the
privata sector. Comments raceived from
thesa reviewers, genarally favorable,
were taken into aceount in developing

the Guidelines proposed here.

from a number of statutes which are
implemented through multipie offices
within the Agency. Because many
different offices evaluate develcpmental
toxicity, there is a need for intrz-agency
consistency in the approach to assess -
theze types of effects. The procedures
dezcribed here will promota consistency

‘reach a decision as to'whether or how
much to control ﬁxm»ﬁonm t«'.vf ’thek
suspacted toxic ageat. The issue of ris
management will not be addressed in
these Guidelines. L

The National Ressarch Council(13) -
bhas dsfinad risk assessment as being
comprised of soma or il of the {following

»!

N
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"components: hazard ideatification, dose-

response essecemant, EXpoIUre
ml.ﬂ:wmof tbngrié%
process of asesaring
- of human developmental toxicity may -
- be adapted to this famnst, Howgver, dua
to special considerations in asssesing
developmental taxicity, which will be
discuzzed laisr in thess Guidelines, it s
not alwaye appr-wrists to foliow the
mm@mgg&ﬁm&m
want, 7

functional sbnormmalides that may result

from devslepmaental epoomertes |
environmental agents: S

The dose-response aszesament

defines the relationship of the deos cfan

agent end the eccarvencs of

developmental taxic affocts.

to the National Resaurch C@mndi(m},,

e i
t3 of a extzepe

doses administered to %

mathematical m;sehﬁenmdelﬂmb
is generally eccepted for-develspmental
- toxieity, the Agency, for-the most part;

gome meum af the vigl of
dwdapmﬂmmm&spg‘;ﬁm
chiasngctarizatios,

ammpﬁmmﬁﬁrzin!smmﬁ.m
io&eﬂmtmsdb&asﬁmﬂsmoﬁth&
uncartainties,
" IL Definiticas spd Terminalegy .
The. mcegnmenthat&xmam»

Aguncy
differences in. ths uee of tenme:in. the
flald of davelopmantal texicalogy. Fon
the pucpouss of these Guidelinga the *
following definitions and terminalogy
will be used.

Devwlopmem‘al Tax:wlogy-—-‘ﬂm flald
desling with the induction of adverss
uﬂm es the deveioping

devsiopmental
toxicity elude: (1) Death of the
developing organien, (2} structural
abmosmality (m&mcity), (3) altersd
growth, end (4} functionad dsficiancy.
Embryotoxicity and Fetotoxiciiya—
Any. toxie effect on tho concaptus ag-a-

resultofpmtal the
mmhmm the tarmns

distinguisking fea

is the peried during which the inguit

occued: The tormn, as:weed huve, '
incinde meiformation, altered growth,

and i ators duath.

Altased Growth-f significant
alteration i fatel. oz neonatst crgen oz
Wwﬁ@k%wﬁ@tmmmy-
not be accompanisd by o chengs iy

. Crownsmmmp lmw mdloritr akslatal

;can be

* inducad at. mmecfdnwiwmmt.

may bx resersihle, cxmxy mesuitix a

pmanent changsn
Funetionel Tecaielogp—Tha Held
daaling with tha:canase,

'Wm]fvmf@m and Variationgw—fs
malfurction is wsuelly defined as a
permanast strnstural deviation: which

gessrally is incampatible with.oz
savaraly detrimenial to sarmalk pastnatal,
sacvival or development, A variation je
ugually dbfined as a divergenca:beyond
the veus zenga of stenctural canatitation,
but wiich. ey sot.bave a8 savara an
effect on survival oz health as &
malformation. Blstinguiabing between
varistions and malfomnations. is.difficsit
since tiers exists & continuum of ’
responges from the normal to the
extreme deviant. There ia no generally
accapted classification of malformations.
and variations. Otirez terminology that is
often used but no bBetter defined.,
includes anomalies, daformations, and
aberrations,

il .-'-',,;-"\':;»,u‘.zz:::.: % (M N
Identificntion of Bevelopmentel

Townicants}

Dauelopmanial taxiciiy studias
provide a numbse ﬁmmha =g
uzeful for evaluating tho peteniis! of an-
agent o prodisce adverse-cuicomes of
progrency. The four types of effects on
tiws conceptus that may ba produced by
in utern exposura te toxicants. includs
death, structural abnormality,. alterad.

* growth, and functional deficita. Of thesa:.

the fGrat three effects are meesured in:
the conventional developmental toxicity

{teratogenicity) protecol (discussed
below}, while functional deficits are
seldom evaluated in routine
aszsssements of onviremmental agenta.
‘Thin section will discuss the format and ~
analysis of conventional studids ac well
as the use of data from other typea of
studisa, including finctional studiza,
ghort-terms tosts, and pharmacakinatics.

A. Conventiongd Developmental
Toxicology Protocols: End Poinis and
Their Inturpretution

The most canmonly used protocol for
assessing developmental toxicity
involves the administration of a test
substance to preguant animals {usually
mice, rats,. oz rabbiis) duﬁng. ths period
of major orgenogenesie, evaluation of
maternal responses theanghout
prégnancy, and. eusmination:of the dm
end the utesine contanin just pric to
term(2, 3, 14, 15). Othvee pmtml@may-
use expoeusre pericds.of one to a few:
days to investigaia periods of paricular
sengitivity for induction of anamalicas in
specific crgans or organ sysiems{14],
Petuges alive at maternal sacrifins are
thoroughly evaluated for alterations in

morphological davelopment. Because

‘ tb@mlsﬁmahip of maternal end fxtal

tmddty iS imp@ﬂmm in assecsing the

Ideslly, study deaigns shmxldw inciude a
high dosa; which produces some
maternal toxicity (Ls., a lavel that
produces marginal but significantly

mm&@li@ﬁ,ammmgh :

‘ mm&mmﬁm lavel

R ef
speaies, aleain, m weggia& end hoalth
statue, and shnald be-rendemized: to-
dese mqw mmﬂ m'mém& bieos and:
provigs. a. basis  valid
statisticedl teats: R@Mm &l thay study
is desieabla end stzengthone the:
confidence of data intesrpratation,

- The next bue-zecticns disswas:
individual end points of mstermall amd
developmenial toxicity, eeapetively, as
messurcd in the conventional
developmental toscicity study, The third
saction deoals with the intem’a:ieé
evalustion ol alt dats. fncluding the-
relative effecty of exposure on matama&
animally and their offeprivg..

1. Eadi Pointe of Tntyrnn] ‘Xfmcity

A number of end points that may ba
observed a8 indicators of maternal
toxicity ave listed in Table 1. Maternal
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moctality is an obvious end point of waight 'gain‘andkno changs ingravid - ‘Nov ratioflitter o
maternsl toxicity; howsver, a number of  uterine-weight suggests primarily ‘Mean (%) fetal body waight/litter ‘ e
othar end points can ba obsarved which  maternal toxicity and little orno -Msan (X} mals body weight/litter
may give an indication of tha subtle intrauterine effect. An:alternate estimate ,M“:'ng" female: bgmight/ ﬁ."" ed ¢ o
offects of the agent. For example, in =~ of maternal weight change during -"’N?;mpm“ ymatlormed ~ '
wrell-conducted studies the end point, -gestation-can be obtained by mhtncﬁng “No..end parcent visceraily malformed
mn peegnant, indicates the gennnl ‘the sum of the weights of the fetuses. ' “fetuses]litter

ty rate of the animal stock used - However, this weight does notinclude  :No.and percant skelstally malformed &
and is an important indicator of toxic the uterine tissue, placental tissue, or -fatuses/litter
dfadlﬂ'mtmmtbeslmpﬁo:to .the amniotic fluid. - “No. and percsnt malformed fotuses/litter
implantation. Changes.in other end points should “No..and: percent litters with malformed

also’be determined. For axample, N:.Q b cmall males/litter

m“ b—&d‘rehh of Mesormsl Toxicity changes in relative.and abiolute organ Novand ""mt m"’“‘dl females/litter

Moctality
Paccsnt Pregoant {includos all litters with
implexnts)
Body Weight
Treatmemt days (at least fixst, middle, and
. laot treatment days) Secrifice dsy

During treatment (Incleding increments of
tima within treatment period)

 sacrifice
OCand;hb (]!nmduupcctedspedﬁc

Relative to body waight
Food and Y)Vltlf Consumption (where

Q&ﬂu!ﬂ@s(mdmdmmmzuadn

%‘gc’o WdW

Body weight and the change in body
weight are viewed collectively as
indicators of maternal toxdicity for most
species, although thess end points may
rot ba as useful in xabbits, because .
body weight changes in rabbits ar2 not
good indicatoes of pregnsncy status,
Body weight changea may provide more
information than a daily body weight
muﬁ during mi:tmcnt ord

Changes in waight during
:'l:cctedtin the' mm:;igh cga:;tebe
t
throughout gestation, because of
compensatory weight gain that may
occur following treatment but before
sacrifice, For this reagon, changes in

weight during treatment can be

 examined as another indicator of

maternal toxicity.

Changes in maternal body weight
corrected for gravid uterine weight at
sacrifica may indicate whether the effect
is primarily maternal or fetal. For
example, there may be a signficant
reduction in weight gain throughout
gestation and in gravid uterine weight,
but no change in corrected maternal
weight gain which would indicate
primarily an intrauterine effect.
Converscly, a change in corrected

weights may be signs of miternil effect

‘when an agent is suspectei of causing
specific organ toxicity. Food:and water

:consumption:.data ars useful,.eapecially

if the:agent is administersc-in:the didat-or
drinking water. The-amourt ingested

- (total-and relative to body ‘weight}and
‘the dose of ths:agent {relative:to-body

'weight) can thenbe:calculited, sand
changes in food:and:water.consumption
with tmatmnnt can be evaluated-along -
with changes in body: weight and body
weight gain.'Consumatory data are-also
useful 'when an -zgent is suspected-of
affecting appetite, water-intake, or

. -excretory.function. Clinical signs
toxicity may.also-beused as’ indicators

of maternal toxicity.:Daily body weight

changes during treatment-along with
clinical observations:may be useful in

desaibing'fhepmﬂlc ofmmemnl

2. End "Pninuoinavelupm(mtal Toxicity

‘Because'the:maternal animal-and-not
the-conceptusiis the:individual treated
during:geatation, statistical .analysis.of

-the data should consider both the -
- individual fstus and the littar. Table 2

indicates the way'in which fetal:and
litter end points can be: expm:ed.

mz—umawm
Toxicity

-All littars ‘
‘No. implantation sites/dam

‘No. corpors:lutea:(CL)/dam® -
Percent Preimplantation:loss |

No.‘and :percent live fetuses/litter

“No.:and ‘percsnt resorptions/litter

‘No. and percent litters witlrre tions

‘No.and percent lata fetal deaths/litter

No. and percent nonlive (late: Jetal:deaths.+
:resorptions) implants/litter |

No. and percent litters with nonlife implants

No. and percent affected (nom'hve +
malformed) implants/litter |

“ No.:and percent with affected implants

No. @nd percent littars with-total resorptions
Littars with live fatuses ‘

‘No..and percent litters with live fetuses

No..and percent live. fotusen/mter
No. males/litter

‘No. females/litter

‘parcen
“No.-and percent fetuses with.variations/litter
‘No. and percent litters:having fetuses with

.Types.and incidence of individusl

“Typesand:ivcidenca of: individuai: variations
Individual fstuses and their malformations

.;imphnuﬁon. May be:difficult in.mice.

:implantation, an’increasge:in
;preimplatation losscould indicate'an
-adverse ¢ffect either on the developing
‘blastocyst.oron.the process of

~would:be.necessary to determine the
.cause:and extent of this type of effect.

‘based-on:all litters, Includes any litters
‘that-have no live implants..On the other
“hand total nonlive implants
‘{postimplantation lozs), is a:combination
.of the end points, resorptions, and late
‘-fetal-deaths. An increased incidence per
‘litter-for-any-of:the end pointe-indicating
postimplantation:loss would be

'xhese end:points is leas useful.than
_incidence per littar, because a litter is
‘counted:whether it has one:or:all
:resorbed, dead, cr-nonliva implants.

‘ poaﬁmplantation loss following

-considerable-interlitter variability in the
‘incidence.of- poatimplantahon loss(!?) 1

‘varistions

. malformations

-and varistions (groupsd-according to litter
-and.doss)
2 Orily when treatment:-begins prior to

*When treatment begins prinr to

implantation itself. Further studies

“The number of live fotusas per litter,

-considered-a significant toxic effect to
‘the conceptus. The number of litters
-an increaged incidence for

‘A statistically significant increase in

-axposurs io.an:agant:is:a gevere form of
‘developmental toxicity, but there.is .

-a'statistically:significant:increase‘is
‘found .after:exposure.to an.agent, the

* .data may-be-compared not-only with

concurrerit:controls, but:also.with recent

.historical:control data.’H a given study
“:control-group-exhibits:an unusually high
- . orlow-incidence.of postimplantation

‘loss:compared.te historical controls,
then scientific judgment would have to
be used to determine the-adequacy of
‘the-studies for:risk assessment purposes.
‘The:end point for.affected implants
{i.e.. the combination of nonlive and‘,




" sensitive ndicatorof

I1T-41

/ Friday, November 23, 1884 / Notices
R SR AT BT

48327

e

. incidence of individusl typas of

the biah eud of the dose-raapanss

in casss whers most implents die /n
utera. In such cesss, the melfdmmation
rate may appesr to dazesse becauss

only uneffactsd fiuse bave survived to

term. I tha incidupes of prepatal death
oz malfonmatian ie urchenged, then the
incidenca of affscted imaplants wiil aot
provids eny additionsl infarmation.
The uumbee of live fatuees par littern,
besed on those littess thet have one o2
more live fotusss, may be unchengad
even though the incidencs of mewlive-in
il litmrs is increassd. This could occur
either by o increase in the oumber of
litters with no live fetuses or by an
incresss in the number of implanis per

litter. A decrease in ths number of ive -

futuses per Mtter should ba accompanied
by an increass in tha tncidence of
noalive implants per litter, unless the

: implant numbers differ avmong dose

CCORITOHEE: -
& chasge fa fotel budy weightis
or of developmental
towdcity, iz purt ecsuze itis @

- contitucas vaxiable: Gr some eases. fotel
weight reduction mey be the only .
iné’f?tef of é?bvnispmﬁnm tosdeity; if
50, there is alwaye & quostion remaising
a8 i whethse weight redustionisa
peimansat of Tansiiory effest. Whem
fotal weight reduction is the only”
indisatoe of developmontad texiaily; data

. ﬁ‘ﬂﬁl the e A ter: Foied
etudy(3) may be veehul for evelvating
Lthese puansters. Ideally, follgw-up
stadies to evaluste pestamal viebillty,
growth. znd swvived dwcugh woening
shovid be conducted There are othar

factors that should be considered in #e v

evaluation. of fetal weight changoe. For
exampie, in polytoveus. animals, fetal
weight is usually iaversely correlbtad
witly litter give, and the vpper snd of the:
dose-sesgone curve mey be confounded
by smmalinr lHiters anet increased fetel

weight Additionaily, the average body

weight of male feteass ts. greater than,
that of female febreas in the mers

commenly used leboratory enimals., -
Live fetnsss should ke examined for
external, visceral. mad sheletal |
meiforaations. I caly & portice: f the

littaw ie.axaminod, then it is prefezabls
that theza (o be examined. be selsctad
on.a random basie e oach: litter:. Tho

- malfermations and variations gives an

indication of the types of developmental
daviations prodused by a particuler
agent. A lsting of individusl
malformations ond veriations by leius
. gives an indication of the pattem of
devalopmental devistons. The
inciderce of external, vizsarsl. and
skeletol melformations gives aa
indication of wiich systems mey be
specifically affacted. A cant
increase in the incidence of particslar
meiformetions er of the tntal rumber of
fstmses malformud per tranted litter a8
compared with conizole indicates 2
teratogenic effect; I veriations ase

significeatly increased in & dose-relsted |

. manner, these should aleo be evaluated
asa indication of
developmental toxicity. The Intsragancy

tory Lisigon Group noted that

. dose-relatad increzses {n sponianscusly

« coeurring defects ase as relgvant as
doee-related increases in any other
developrrratal toxicity end points{i8).
The number and percentages of iittsrs
with malformed fetuses are more
ralioble indicators of developmental
toxicity then the munberof Rtizrs with
rezorptions, sincs melformations do not
cesup freguontiyin contrels:. The date on

the insidhner of indvideal types of

s if LREE m@ m‘ Mb@

o for sipaifiennt che wiich
may e wnoked Tt dats ewall

- meiicrmetions snd veviations are
pocled. This nformetion can slso b
vged forcomparizon with historieal
wnemg gzgx Apor %!wﬁﬁ e historicat
contso . gre helofid be intsrpretation
Qf miﬁw SIS ) AR e Rk 13 Qsp@ei!ﬁy w@%
et pdrmelly cemur ot & low imeidense
when socn in am individust study
apperently wmrshsind to doss.

3. Qvassll Evslicatinn of Matersel and

end points ace evaleted =
developmenis] toricity stndise, butan
integrated evalustion mmst be doos
considering all: materasl and
developmantal end poinis in order-to

' the dete fully. The oversdl
intespretetinn usunlly consists of the
evaluation of matesnal toxieity und te
‘dooe levals at which it comes them the
svaluation of develcamental toxinity
and the levels.at whick these end points:

- pecun In geuemi, an agent thet woduces

changes i any of the foun majar classas
of devalepsaental texicity ot 5 dese thet
fs winimelly toxic or not toxis t the
maternal animal is considered to bave.
salective developmental effocts.
Howeves; wiew offects. are produced at
-toxis doses: by agents
which aduit humar exponze may cooue

at toxic levels {e.q. smoldng, #leohol,
goivents). these developmental effests
should no be ignored.

Appmaches for repking agents for
their salective developmental toxicity
ave heing dsveloved: Schardein(9) has
saviswed several of thesa. Of cusrent
{mterest ere anproaches that develop
ratios releting en adull toxicdoss o a

" devalopmants! toxic dose{18, 20, 21).

Ratios near wnity indicate that
devalopmental ioxizity eccurs only at
dnzes prodecing maternal toxicity: as
the ratio increases, there s & greater
likaithood of developmental effects
cerurring without matarnal
menifestatione, Although fucther
exploration and validation are
necagsary, such spproackes may
eltimatoly belp in identifying those
agents et pose the greatest thesat and’
ghould be given prinrity for further
tanting{22).

B. Functionsd larstology

Developmental effacts, which are
inducible by exogenons agents, are not
limited to death, structural
abnormalities, and altered growth. _
Rathaz, it hos besn demonstrated in a
umber of instances that subtle
alterations i the functicnal compatence
of en evgen o & verinty of ovgex
systems may revalt fom exposere
during exitical develspments] pericds

- thet may coorr betvesn concupiion and

pubesty, Oftemn, these finctional defacts
are obeerved ot dses lovels balow these

‘mt whicl groes meiformations are

evident(23). Much of die sarly work in
thio. fald wes related to behsvioral
susluaticss, and the torm “halmviersl
teratolopy” besame praminent ix tEe
mid 19788, Lesmwaels hee beaw duneen
other fupctiasl syatams, bet sulliciend
dete bave ascuminiad te indicate that
the cerdiopulmenary, immune,
endocring, digestive, srinary, and.
mepeaductive syaterns ars aubject to
alterations in Moctioral competenes.
Henes the term “Funetionel teratelogy”
has Heen applied to this gensral arsa..
The variety of systems and end points
that may ba evaluated iz too extensive
to discuss hers{24}, (25]. At peesent no
standard testing procedures are
routinely vzed, and this bas ed o
apparest dissrepancies in the cuttoise
of certain studies. Some atternpts to
standardizy and eveluate precedures -
ore boing mads{25). The determination.
of functions] cempetence ofter involves
highly specinlized waining ond
equipment and is not generally practical
for routive teat precadives. Therelore,
these spproaches may heve thelr
greatsst applicative in detprmiaing the
nature of @ suspestad alteration iw terny
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of its biological significancs and dose- C. Short-Term Testing in Development ~ :thanithe int=ct pregnant mammal. These
respoasa relationship, Toxicity - ting alyilamnchavo’lax:ig'be&n used aion:seas
Tha masns for appropriate : for developmental toxici ‘events azsocisted with normal.an
intespeetation of data from functionsl mflﬁm &oog the l.rgt:ﬁ v '.bmm‘"dmm"pm‘nt"but only .
tezatology studies is not always clesr ©  number of agents in or entering the recantly have they been.considered for
doe to the lack of knowledgs about the  environment and the increased interest  “Deir me;’ screens in testing (37,
sigyificancs of spacific in reducing the number of animals.used 3% 33)- Meny of these systems are now
fanctional altsrations. Howaver, saveral  in and the.expensa of testing, Currently, ~%ing evaluated for thair ability to -
genaral concepis hava arisen from two epproaches are being considered for EM“'&"WW:Ht;tm’“dW of
Tesearch to date which may be uscful in  their applicability in the averali testing  ¥2rious sganta. This validation process
designing studies end evaluating data.  peccess: en in vivo mammalian screen requimi:;rum o mﬁ%‘?’ i:ln:umi 4
1. Several aspects -l ctudy design are  2nd & variety of in.vitro systems. frernd ;m d tanﬁ?ng?of’theﬂ
et N s o i e S5 0 e el f e
developmental toxicily studiss (eg.a  IePlacing current in vivo davelopmental  SVSIeW RO NV (8 Mandle various lest
doss-responss approach with the - toxicity testing, Rather, they are being  $8°nt8(32 54]. A list of agents for.u
highest doss producing minimal overt considered for their ussfulness in ~=!,ml»' 35.:‘ es:has bee
maternzl or fetal toxicity, aumber of assigning priorities for further, more '.,‘M «"
littezs lerge encugh foe sdequate ex tensive testing. ‘, _ 3. Application
statistical power, randomization of 1. In Vivo Mammalian Teratology "When the validity of a screening
animels to doea groupa, litter generally  Screen T ‘system is established, it may be ugsed to
considered tha statistical unit, etc), | An in vivo approach developed by -set priarities for further, more
Z Replication of a study strengthens Chernoff and Kavlock(23) uses:the ‘ ieomprei;enmve in vivo testing. In many
the confidenice of data interpratation. pregnant mouss and it designed to ' .cases, a'battery of two or more
3. Usa of a pharmacologicel chailenge  regducs the resources raquired for ‘screening systems may be “eed‘f’g;
may aid in evaluating function and precliminary indicationof employing tests withend-points that
“unmasking” effects not otherwisa developmental toxicity. This approach iy  Colectiely representaoveral =
de ble, particularly in the case of based on the hypothesia that.a,prenagal many of these systems can'be:applied in

organ systems that are endowed with &

ransonsble degres of functional reserve .

capacity:
4. Choice of functional tests with a

tests basod on functional systems with

low varisbility that may be impassible °

to disrupt without being life-threatening.
Butcher et al.{27) have discussed this
with relation to behavioral end points.
S.Abauuy.:‘fxftmcﬁf?mnnlgsu is often
necsszary to vate fully the :
functional compstencs of any given
systems theca tests may need to be
conducted at several ages to account for

8. Critical periods for the disruption of
competencs may includs both
the prenatal period to the time of
puberty, and the effect is likely to vary
on the time of exposure.

Although interpretation of functional
data may be difficult at present, there
are at least two days in which the data
from thesa studies may be useful for risk
asgezsment purposes. First, thess
studies can be used to indicate whether
ot not an agent has the potential to
causs functional alterations, and
whether these effects occur at doses
lower than those that produce other
forms of toxicity. Second, if the agent in
question is already in the environment,
the functional data may be used for
focuring on organ systems to qvaluate in
exposed human populations.

‘insult, which results.in-altered

development, will be manifested
postnatally-as reduced viability:and/or
impaired growth.’In general, the test
m is ;Edmimtemd over the
4 of major crgancgenesis ata

single does lavel that will elicit some
dagres of maternal toxicity. After birth,
the pups ara counted and weighed on
days 1 and 3. End points-that are
considered in the evaluation include:
general maternal toxicity (including
survival and weight gain), litter size,
viability and weight of the oflspring,.and
gross malformations. Basic priority
categories for further testing heve also
been suggested: (1) Agents that induce
perinatal death should receive highest
priority, (2) agents-inducing perinatal
hy otﬁchnn.g::inhonld'be;nngnkcd]m

pricrity,. 3) agents'inducing no
effect should recaive the lowest
priority(25). The major goal:of this test.is
to predict the potential for . |
developmental toxicity .of an sgentin
the species utilized. It doesnot increase
the ability to extrapolats risk to. other
species, including’humans. Additional

. studies to evaluate the validity of ithis

approach as a screen for developmental

toxicity are currently 'being carried-out,

and a system for giving a numerical
ranking to the results has been
suggested to prioritize agents for-further
testing(29, 30). oo
2.In Vitra Teratology Screen.s;

Test systems that fall under the

general heading of “in vitro™ include any -

system that employs a test subject other

an attempt to answer specific questions
‘of a dose-response, target-organ, or

-mechanistic nature, [ vitro approaches
- ‘may aid in establishing the-effective

.doss that reachss the target tissue.
:Either the in.vivo or in.vitro short-term
approschés may be useful in addressing
structure-activity relationships-and the -
‘synergistic-antagonistiz potential-of
.chemical interactions. Thus, pertinent .
information can be-derived. from these
approaches and may be usefulin-the .
-assessment of potential risk.

.Extrapolation of data between species
can be-aided considerably by the
-availebility of date on the . .
-pharmacokinetics of & particular.agent . -
in the species tested and, if possible, in
-‘humans. Infermation on half-lives,
placental metabolism and transfer, and
concentrations of the parent compound
:and metabaolites in.the maternal animal
:and conceptus may be useful in
-predicting risk for. developmental
toxicity. Such-data may also.be helpful
in, defining the dose-response curve, . -
developing.a more accurate comparison
of species gengitivity including that of
humans (38 37),.determining dosimetry
-at target sites, and comparing
pharmacokinatic profiles for vatious
dosing regimens or routes of exposure.

‘Pharmacolinetic studies in ,
developmental taxicology are most
useful once & developmerital toxic effect
has been produced in a.give species
with a particular agent. Pharmacokinetic’
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data for rik asesssment in-
developmental toxicology ideally should
be derived from pragnant femaslez at the
staga when davelopmental insults ceeur.
Often the only data availabls are from
meles, nonpregnant females, or from
pregnant fameles at a ims unreleted to
the avent of interast (e.g. .
phermecokinstis anslyses done during

" the feti:ld lplglﬁod whan malfomﬁons).
were susiy in organogenseis
The correlation of pharmacokinetic and

- devolopments! taxicity data may be

. useful in determinicg the contribution of

specific pharmaecskinatic paramaters to
the effacts obssrvad (38). ;

«

E Human Studiss

Bacause of the ethical considerations
involved, little human testing hes been
or is likely to bs done. Therefore, doss-
offect devolopmental toxicity data from
bumans sre generally not available.
Humen epidemiologic studies may
provide the best information for
asseasing human risk and would reduce
the problems in species-to-species
axtrapolation. However, interpretation
2f epidemiologic data must account for
contounding factors, such as maternal
ige, perity, multipls exposures (o
<avironmental agants, difficulty in
apmining accurate estimates of
axposura lsvels in the environment,
Inguificient dats on ba
incidones of certain developments! end
points, ete. When humsn data sre
available, they can be used with othar
:;;ipprﬁng animal dats to assess human'

F. Comparisons of Molecular Structure

h&&mﬁm of th:f chemical c:n-ﬂl
phys properties of an agent wi

those of known developmental toxicants
may provide soms indication of &
potential for developmental toxicity.
torityserting of Agoris ot

- priority ts for testing or
for further evaluation when tm]ytms
minimal data are available.

G. Weight-of-Evidence Determination

Information available from studies
discussed previously, whether indicative
of potential concern or not, must be:
evaluated and factored into the
asgsesament. The types of data may vary
from chemical to chemical, and certain
types of data may be more relevant than
ﬁmr types of data in performing

velopmental toxicity assezsments,
Therefore, all data pertinent to
developmental toxicity should be ,
examined in the determination ofa -
chemical’s potential to cause ’
developmental toxicity in humans,
Whatever evidence may exist from

humshs must also ba factored into thé
assessment.

IV. Guantitstiva Assessment

Risk asgessment involves the
description of the nature and often ths
magnitude of potential human risk,
including a description of any attendant
uncertginty. In the final phass of the riak
e3sgssment, the outputs of the
qualitative evalustion, the dose-

and the data are

regponse,
.combined to givs qualitative and/or

quantitative estimates of the ‘
developmental toxicity risk. As part of
the risi assesament, a2 summary of the
stvengths and weaknesses of the hazard
identification, dose-response
2sssssment, exposure assessment, and
the risk characterization are presented.
Major assumptions, scientific judgments,
and, to the extant pessible, estimates of

. the uncartainties in the assessment are
also presented.

A, Dose-Response Assessment

Becauee human dose-effect data
usually are not available, other methods
have been used in developmental
toxicology for estimating exposure
lavels that are unlikely to produce
edverss effects in humans, The dose-

assgasment is usvally baced

fREponss
“upun the evaluation of tests performad

= laboratory animals. Two approaches
frequently employed involve the use of
safety factors and margins of safety,
which in some respects are conceptually
similar. However, they are computed
differently and are often used in
different regulatory situations. The
choice of approach is dependent upon
many factors, including the statute
involved, the situation being addresaed,
the data bass used, and the needs of the
decizion-meker.

The safety {actor approach is intended

- to derive a calculated exposure level

that ig unlikely to cause‘any
developmental toxic responses in
humans. The size of the safety factor
will vary from agent to agent and will
require the exercise of scientific
judgment(3, 39), taking into account
interspecies differences, the nature and’
extent of human exposure, the slope of
the dose-response curve, and the
severity of the developmental effects
observed at exposure levels below
maternal toxicity in the test species. The
safety factor selected ia then divided
into the NOEL cbtained from the most
appropriate and/or sensitive
mammalian species examined to obtain
an acceptable exposure level. Currently,
there is 0o one laboratory animal
species that can be considered most
appropriate for predicting risk to

A“‘*"’v

humnana{9}. Each agent should be
¢ongidered on g case-by-case basis, -

The margin of safety approach derives
e ratio of the NOEL from the most
sangitive species io the estimated
bumsn exposure level from all potential
zources{40). The adequacy of the margin
of safety ie then considerad, based upon
tha waight of evidence, including quality
of datas, number of specias affected,
doss-response relationships, and other
factors such ss benefits of the agent.

As discussed earlier, the preferred
study design for a developmental
toxicity study includes a minimum of
three dosaz: a high dose that produces.
minimal maternal toxicity, at least oue
intermediate dose, and a low dose that
demonstrates a NOEL. Nevertheless,
there may be circumstances in that there
is a nead to perform a risk agsesemient
baszed on the results of o study in which
a NOEL could not ba identified. but,
rather, in which the lowest dose
administered caused some marginally
significant affect(s). This lowest dose
could be identified a3 the lowast
observed effect level (LOEL). In
circumstances where g LOEL can be
identified, it may be appropriate fo
apply an additional safety factor. The
magnitude of this sdditional factor is
dependent upon scientific judgment, In
some instances, additional stedieg may -
be needad to @ the confidence
in this additional safety factor.

B. Exposuse Assesament

The results of the dose-response
assessment are coinhined with an-
estimate of human exposure in crder to
obtain a grantitative estimate of risk. .
The propozed Guidelines for Exposure
assessment are being develaped
separately and will not be discussed in.
any detail here, In generzl, the exposure
assessment describas the magnitnde,
duration, schedule, and reute of
exposure. This informatien is developed
from monitoring data and from - ‘
estimates based on modeling of
environmental exposures. Unigue
congiderations relevant to
developmental toxicity are durstion and
period of exposurs as related o stage of
gestation {i.e., critical periods), and the
fact that a single exposurs may he
sufficient to producs adverse
developmental effects (i.e., chronic
exposure ig not necessary for
developmenial toxicity to be

" manifested). .

C. Risk Chareciorization

There are numerous unceriainties
agsociated with tha toxicological and
exposure components of risk assessment
that in the past have often not been *
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