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PROVISIONAL PEER-REVIEWED TOXICITY VALUES FOR COMPL EX MIXTURES
OF ALIPHATIC AND AROMATIC HYDROCARBONS (CASRN Vario us)

Executive Summary

This Provisional Peer-Reviewed Toxicity Value (HRfR document supports a
fraction-based approach to risk assessment for leonmpixtures of aliphatic and aromatic
hydrocarbons. The approach takes into accountqueefforts, most notably those of the
Massachusetts Department of Environmental Prote¢WADEP) and the Total Petroleum
Hydrocarbon Criteria Working Group (TPHCWG). Thesganizations use a fraction-based
approach that defines petroleum hydrocarbon frastan the basis of expected transport in the
environment and analytical methods that may beieghpd identify and quantify petroleum
hydrocarbon environmental contamination. Toxie#ues are selected or derived and used as
surrogates to represent the toxicity of theseisast then, health risk information for the
complex mixture is developed using chemical mixtisk assessment methods where
dose-addition or response-addition is assumed sorowithin the fractions, as appropriate. For
similar use by U.S. EPA, this PPRTV document presstaxicity values for aliphatic and
aromatic hydrocarbon fractions—including subchramd chronic reference doses (RfDs) and
reference concentrations (RfCs), cancer weightvafemce (WOE) assessments, oral slope
factors (OSF) and inhalation unit risks (IUR). $heralues have been obtained from the U.S.
Environmental Protection Agency’s (EPA) Integrakadk Information System (IRIS) (U.S.
EPA, 20090), U.S. EPA Health Effects AssessmentrS8am Table (HEAST) (U.S. EPA, 1997),
and existing PPRTVs, or were derived using updat&l EPA methods to provide new
provisional assessments (U.S. EPA, 2009a-i) whededk and supported by the data.

In the U.S. EPA’s approach, the potential heattk of each of the six aliphatic or
aromatic hydrocarbon fractions is represented mafrthree ways:

1) Surrogate Method: the toxicity value for a surteg@imilar) aliphatic or aromatic
hydrocarbon mixture or compound is integrated whnexposure data for the entire
mass of the fraction;

2) Component Method: the toxicity values for welldgird individual chemicals that make
up a large portion of the fraction are combinecdhwiiteir respective exposure estimates
using a components-based method under an assunoptimse- or response-addition; or

3) Hybrid Method: a combination of 1) and 2) abovesed for the same fraction and the
results are combined under an assumption of dogesponse-addition.

Table 1 summarizes the U.S. EPA approach andréiiest how these three methods are
applied to the six hydrocarbon fractions. In tinstfcolumn of Table 1, the hydrocarbon
mixtures are first classified into Aliphatics andofnatics; each of these two major fractions is
further separated into low-, medium-, and high-oarkange fractions in the second column.
The fractions are defined by the number of carioma (C) in the compounds of the fraction
and, also, by the compounds’ equivalent carbon (it@)ber index, which is related to their
transport in the environment. The surrogate chalsicr mixtures selected to represent the
toxicity of these fractions are shown in the tlicdumn. The components method may involve
all of the compounds in the fraction, as is donelie low-carbon-range aromatics, or may
involve only the compounds known to have certaxictmogical properties, as is done for the
carcinogenicity of the high-carbon-range aromati&scombination of surrogate and component



methods may be used for the mid-carbon-range arosnédtnaphthalene and
2-methylnaphthalene are evaluated as target asabgeoccurs in Massachusetts (MADEP,

2003). The remaining columns of Table 1 show trelability of noncancer and cancer toxicity
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values for use in this approach and, when availahdgcates which table in this PPRTV
document contains that information.

Table 1. Aliphatic and Aromatic Fractionation andthe Availability of Toxicity Values in
this PPRTV Document for Surrogate Chemicals or Mixtres
Oral Inhalation | Cancer Oral| Cancer
Primary Secondary Surrogates and/or Toxicity Toxicty Slope Factor| Inhalation
Fractions Fractions Components Value(s) Value(s) or RPF Unit Risk
Aliphatics |Low carbon Commercial hexane
range (C5-C8; |or n-hexane (surrogates) Table 7 Table 8 No Value Table 9
EC5-EC8)
Medium carbon |Mid range aliphatic
range (C9-C18;|hydrocarbon streams Table 7 Table 8 No Value Table 9
EC > 8-EC16) |(surrogate)
High carbon White mineral oll
range (C19-C32(surrogate) Table 7 No Value(s)| No Value | No Value
EC > 16-EC35)
Aromatics |Low carbon Benzene, ethylbenzene,
range (C6-C8; |xylenes, and toluene Table 7 Table 8 Table 9 Table 9
EC6-EC <9) |(components)
Medium carbon |High-flash aromatic
range (C9-C16;|naphtha (surrogate); Table 7 Table 8 No Value | No Value
EC9-EC < 22) |naphthalene and
2-methylnaphthalene
(components)
High carbon Fluoranthene (surrogate);
range (C17-C32benzo[a]pyrene and six Table 7 No Value(s) Table 9 No Value
EC22-EC35) |other Group B2 PAHs
(components)

To estimate total health risk or hazard for thereritydrocarbon mixture, the estimates
for all six of the aromatic and aliphatic fracticm® summed using an appropriate additivity
method. Figures 1 and 2 provide a graphic ilatgin of how cancer and noncancer risk
assessments are carried out, respectively. Tustrdited noncancer assessment (Figure 2) is

performed at a screening level, consistent witheBupd practice and guidance (1989). Use of

surrogate mixture data and component-based metbagssistent with the U.S. EPA’s
supplemental mixtures guidance (U.S. EPA, 2000)e dpplication of appropriate additivity
methods for mixture components, also consisterit Wis. EPA (1986, 1989, 1993, 2000)

mixtures guidance and methodology, is recommendedtimate the potential total risk within
and across fractions. These methods include tha@rthiandex (HI) for noncarcinogenic effects,
the relative potency factor (RPF) method for theeic@genic effects of the high carbon range
aromatic fraction, and response addition for cargemic effects. By applying additivity
concepts to the risk evaluation of these complexungs, the U.S. EPA is applying a
straightforward approach that incorporates a nurabemplifying assumptions. Because
assumptions for complex chemical mixtures are dftifficult to substantiate, this U.S. EPA
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approach can be considered as a default approatbah be used to evaluate potential health
risks from exposures to aliphatic and aromatic bgdrbon mixtures when whole mixture
toxicity data for a specific site are not available

Aliphatic HI = & H Aromatic
Fractions m = Z i Fractions
HI, = = HI, =

E atipna . | Hazard Index Hazard Index L F
RFV Aliphl Fraction Aroml Fraction |« 4 RfV
n-hexané® i = Benzene, Toluene,
Ethylbenzene, Xylene
3 E
E aiph2 | Hazard Index Hazard Index i
RfV Aliph2 Fraction Arom2 Fraction |« = RfV,
MidRangeAHS i = High Flash Aromatic
Naphtha, Naphthalene, 2-
MethyINaphthalene
EA"phg . | Hazard Index Hazard Index | _ Emm3
R Aliph3 Fraction Arom3 Fraction
f\4Vhite|VIineraIOils RfVFIuoranthene
\ J
Y
Sum fraction specific hazard indices
assuming dose addition
¥
Examine Uncertainties: Identify % of Hazafd
Index associated with screening values

Figure 2. Fraction-based Noncancer Risk Assessmeiar Complex Mixtures of Aliphatic
and Aromatic Hydrocarbons

For inhalation, use commercial hexane)-tiexane present a63% of fraction
®For inhalation, use-hexane, if present at >53% of fraction

Where:

Hly, = Screening Hazard Index for the Whole Mixture

HI, = Hazard Index Calculated for tith Fraction

E = Daily Oral or Inhalation Intake of thith Chemical or Fraction (mg/kg-day or mg/m
respectively)

RfV = Reference Value: Oral Reference Dose or Inlmidfieference Concentration (RfC)
(mg/kg-day or mg/ri) respectively)

AHS = Aliphatic Hydrocarbon Streams
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Finally, when evaluating risk through the applioatof these additivity methods, the
U.S. EPA suggests that risk assessors carefulitifgehe underlying assumptions of the risk
estimate and describe the sources of support ésethThe U.S. EPA also suggests that risk
assessors carefully identify sources of uncertamtieir estimates. For the hydrocarbon
fractions these assumptions include: the surragataure or component(s) represent the toxicity
of the entire fraction; independence of toxic attxists when adding carcinogenic risks within
and across fractions under response addition; te@@mmon toxicity within and across
fractions for dose-addition-based methods (i.e,,RRF); and, synergistic or potentiating
toxicological interactions among chemicals arelkely to happen at low environmental
contamination levels. An important source of utaiaty is the quality of the underlying toxicity
data used to develop either a provisional or sengeRfD or a provisional or screening cancer
slope factor. To convey the difference in qualitghe mixture risk assessment, the U.S. EPA
suggests the risk assessors identify the percenfabe estimated risk or of the hazard index
that is associated with screening toxicity estimdie., screening cancer slope factors or
screening RfDs) and the percentage based on prowisestimates (i.e., provisional cancer slope
factors or provisional RfDs). Such examinationsnifture risk estimates are consistent with
mixture risk assessment practices (U.S. EPA, 2B et al., 2005).

Background

On December 5, 2003, the U.S. Environmental Ptioieé&gency's (U.S. EPA) Office of
Superfund Remediation and Technology InnovationRDiprevised its hierarchy of human
health toxicity values for Superfund risk assesdsjastablishing the following three tiers as the
new hierarchy:

1) U.S. EPA's Integrated Risk Information SysteRi).

2) Provisional Peer-Reviewed Toxicity Values (PRR)used in U.S. EPA's Superfund
Program.

3) Other (peer-reviewed) toxicity values, incluglin
» Minimal Risk Levels produced by the Agency for To8ubstances and Disease

Registry (ATSDR),

» California Environmental Protection Agency (CalERA&Jues, and

EPA Health Effects Assessment Summary Table (HEA&)es.

v

A PPRTV is defined as a toxicity value derived dige in the Superfund Program when
such a value is not available in U.S. EPA's IRF®RTVs are developed according to a Standard
Operating Procedure (SOP) and are derived afteviaw of the relevant scientific literature
using the same methods, sources of data, and Aggndgnce for value derivation generally
used by the U.S. EPA IRIS Program. All provisiotmicity values receive internal review by
two U.S. EPA scientists and external peer reviewhbge independently selected scientific
experts. PPRTVs differ from IRIS values in thaRA®'s do not receive the multiprogram
consensus review provided for IRIS values. Thisesause IRIS values are generally intended
to be used in all U.S. EPA programs, while PPRT\steveloped specifically for the Superfund
Program.

Because new information becomes available andtsiotemethods improve over time,
PPRTVs are reviewed on a 5-year basis and updatiethie active database. Once an IRIS
value for a specific chemical becomes availabledgency review, the analogous PPRTYV for
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that same chemical is retired. It should alsoditedhithat some PPRTV documents conclude that
a PPRTYV cannot be derived based on inadequate data.

Disclaimers

Users of this document should first check to $@ay IRIS values exist for the chemical
of concern before proceeding to use a PPRTV. IRi8 value is available, staff in the regional
Superfund and Resource Conservation and Recovear{RERA) program offices are advised to
carefully review the information provided in thisaiment to ensure that the PPRTVs used are
appropriate for the types of exposures and circantsts at the Superfund site or RCRA facility
in question. PPRTVs are periodically updated;dfee, users should ensure that the values
contained in the PPRTYV are current at the timesef u

It is important to remember that a provisionalsaélone tells very little about the
adverse effects of a chemical or the quality oflesce on which the value is based. Therefore,
users are strongly encouraged to read the entiREPRlocument and understand the strengths
and limitations of the derived provisional valud¥?RTVs are developed by the U.S. EPA
Office of Research and Development’s National QefmieEnvironmental Assessment,
Superfund Health Risk Technical Support CentelX8RTI. Other U.S. EPA programs or
external parties who may choose of their own ititeato use these PPRTVs are advised that
Superfund resources will not generally be use@s$pond to challenges of PPRTVs used in a
context outside of the Superfund Program.

Questions Regarding PPRTVs

Questions regarding the contents of the PPRTV4lagidappropriate use (e.g., on
chemicals not covered, or whether chemicals haudipg IRIS toxicity values) may be directed
to the U.S. EPA Office of Research and Developnsed#tional Center for Environmental
Assessment, Superfund Health Risk Technical Sugpemter (513-569-7300), or OSRTI.

INTRODUCTION

Background

Contamination of the environment by aliphatic anoimatic hydrocarbons is widespread.
The initial contaminating materials range from awil to a wide variety of fuels and lubricating
oils. These hydrocarbon products are complex mesteontaining hundreds to thousands of
hydrocarbon compounds—including aliphatic compoustisight-chain, branched-chain, and
cyclic alkanes and alkenes) and aromatic compo(beiwene and alkyl benzenes, polycyclic
aromatic hydrocarbons [PAHs]). In addition, sorhéhese products contain nonhydrocarbon
additives or contaminants.

Once released to the environment, the compositi@anhydrocarbon product will change
due to weathering (i.e., differential fate and g@ort of its components). Partitioning of the
mixture will occur, such that the more soluble andiblatile compounds will migrate to other
locations and environmental media, leaving thetiradly nonmobile components (the weathered
product) at the original location. Thus, the atalighatic and aromatic hydrocarbon mixture to
which a receptor population is exposed will varyhwocation, time, and environmental medium.
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The assessment of human health risks posed bytadron-contaminated sites has
involved analysis for “total petroleum hydrocarbbEPH). TPH is a loosely defined aggregate
that depends on the method of analysis as welleasdntaminating material; it represents the
total mass of hydrocarbons without identifying widual compounds. As TPH is not a
consistent entity, the assessment of health effexisdevelopment of toxicity criteria such as
oral reference doses (RfDs) and slope factordi®icomplex mixture as a whole are
problematic.

Some toxicity data are available for whole, unwweet¢d hydrocarbon products (e.g., as
reviewed by ATSDR [1995] and IARC [2008a]). Howeuhere are limitations to using the
whole product data due to composition variabiléysed by differences in the crude oils from
which hydrocarbon products are refined, differeringbe refining processes itself, and
differences in formulations of the final products. addition, the identity of the released material
may not be known, or more than one product may baea released. Toxicity data for whole
hydrocarbon products that are relatively heterogeas@re not necessarily applicable to the
weathered materials or transport fractions to wiexghosure actually occurs.

The number of individually identified hydrocarboomponents of various
petroleum-derived fuels and crude oil has beemaséid at approximately 250 by the Total
Petroleum Hydrocarbon Criteria Working Group (TPHGWL997b, 1999; Weisman, 1998). At
the time, toxicity data were available for aboutd®3he identified compounds, but only about 25
were found by the TPHCWG (1997b) to have U.S. E®#city values or sufficient data to
develop toxicity criteria. Thus, any attempt tsess the health effects of TPH from the
individual hydrocarbon components is impracticatdaese many of the known components lack
appropriate toxicity data and criteria. In additithe cost of analyzing individually for all
known TPH constituents would be prohibitive.

In recognition of the impact of weathering, thapplicability of whole product toxicity
data to many contamination scenarios, the impraldyoof chemically analyzing each
constituent separately, and the need for risk-bassdssment of hydrocarbons, an approach has
been developed to assess aliphatic and aromatrot¢srdbons on the basis of fractions with
similar physical and chemical properties. The ativges of this approach are that these
fractions can be defined analytically and that titunsnts of a fraction have similar
environmental transport properties. This typepgraach appears to have been initiated by the
Massachusetts Department of Environmental Prote¢MADEP) to assess TPH, and it has
served as the starting point for the TPHCWG. Thesegroups continued to evolve their
approaches somewhat independently. Key publicasamal technical reports describing the
MADEP approach include Hutcheson et al. (1996) AMDEP (1994, 1996, 1997, 2001, 2002,
2003, 2008). Key publications describing the TPH&Wpproach are TPHCWG (19974, b,
1998a, b, 1999), Twerdok (1999) and Weisman (1998 following sections describe the
U.S. EPA Approach. Appendix A contains relateddssions on the existing approaches
established or adopted by MADEP, TPHCWG, the AnagriSociety for Testing and Materials
(ASTM), and the Agency for Toxic Substances anceBse Registry (ATSDR).

U.S. EPA Approach: An Overview
At the outset, it is important to emphasize thatpresent U.S. EPA approach represents
expert judgment for the purpose of establishingcibxvalues, including PPRTVs, and a risk
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assessment method for evaluating complex mixturaphatic and aromatic hydrocarbons. As
further scientific advancements are made on thieatogy and chemical mixture risk
assessment methodologies, it is anticipated tlegettoxicity values and this U.S. EPA approach
will be revisited periodically and appropriate atjuents will be made.

A fractional approach, similar to those advancethe MADEP and TPHCWG (see
separate discussions in Appendix A), is adoptetheyJ.S. EPA in this PPRTV document. In
doing so, some modifications have been incorporaldw present PPRTV document is the
principal document outlining the approach, the radttogy, and the definition of fractions,
selection of surrogates or components, and deoivésielection of toxicity values. In addition,
there are nine accompanying PPRTV documents-f@xane, benzene, toluene, ethylbenzene,
xylenes, commercial or practical grade hexane, anige aliphatic hydrocarbon streams, white
mineral oil, and high-flash aromatic naphtha (=IEBA, 2009a-i). These are surrogate chemicals
or mixtures selected for the six fractions (seel@aband discussion in following paragraphs),
and for which complete toxicity and carcinogeni@gsessments were not available from IRIS
(U.S. EPA, 20090) or existing PPRTVs.

Thus, collectively, this PPRTV document plus tiveeradditional PPRTV documents
constitute the entire PPRTYV effort undertaken leythS. EPA specifically for complex
mixtures of aliphatic and aromatic hydrocarbons shAown in Table 1, prior to defining
“fractions,” the components are first classifietbiliphatics and Aromatics; each of these two
major fractions is further separated into low-, mew, and high-carbon range fractions.
Surrogate chemicals or mixtures are then seleseglgection below on method for surrogate
compound or mixture selection) from the availabbddity data for each of these fractions. In
the U.S. EPA’s approach, the potential health ofs&ach of the six aliphatic or aromatic
hydrocarbon fractions is represented in one ofthvays:

1) Surrogate Method: the toxicity value for a surteg@imilar) aliphatic or aromatic
hydrocarbon mixture or compound is integrated \h#hexposure data for the entire
mass of the fraction;

2) Component Method: the toxicity values for welldgid individual chemicals that make
up a large portion of the fraction are combinechwhiteir respective exposure estimates
using a components-based method under an assunoptimse- or response-addition; or

3) Hybrid Method: a combination of 1) and 2) abovesed for the same fraction and the
results are combined under an assumption of dogesponse-addition.

The fractionation scheme described above is camistith the analytical chemistry performed
on the field samples in the laboratory (Hutchedoal.e1996). Thus, in field offices of the

U.S. EPA, it is anticipated that analytical infoioa in conjunction with the “fraction

approach” described herein are to be used foragskssment of complex mixtures of aliphatic
and aromatic hydrocarbons on a specific site htrsé fractions where components were
isolated, these components may be evaluated indilidaccording to a component method
(U.S. EPA, 2000). The components either repredattwhole fraction (e.g., aromatic low
carbon range) or are indicators for the carcinaggnof that fraction (e.g., aromatic high carbon
range).

The rationale for U.S. EPA’s adoption of the fracal approach developed by the
MADEP and TPHCWG is based on several factors.t,Rhie development of the “fraction
approach” by MADEP and TPHCWG represents the citdeavisdom and scientific consensus
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of numerous scientists involved from governmeng@neies, professional organizations,
academia, and industry. Second, risk assessmenttegmical mixture, particularly one that is
changing due to weathering, is a very difficult aodnplex issue. The “fraction approach”
coupled with analytical information on complex nres of aliphatic and aromatic hydrocarbons
from a given hazardous waste site, representssamahble, flexible, and best available
methodology for risk assessment. Third, U.S. EBiAndists have employed computational
chemistry and statistical methods to assess thadration scheme and found supporting
evidence for selecting the fractions in this report

Risk assessment for complex mixtures of aliphatat @aomatic hydrocarbons, using the
fraction approach, is consistent with U.S. EPA mmi&s guidelines and supplemental guidance
(U.S. EPA, 1986, 2000) and with specific guidarmeSuperfund (e.g., U.S. EPA, 1989). The
basic approach treats fractions as componenteafdimplex mixture and uses additivity
methods within and across fractions to conductigieassessment. Thus, the risk of exposure to
a fraction, or several fractions at any given tisithe sum of the risks within and across
fractions.

The U.S. EPA (2000) recommends use of dose-additiethods (HI or RPFs) for
characterization of potential risk from exposuratmixture of chemicals that are toxicologically
similar. Response addition is recommended for mixturepmrants that act on different
systems or produce effects that do not influencé eéher, and, thus, can be assumed to act
independently. Summaries of these methods areda@welow. For further guidance, details,
and discussion, see U.S. EPA (2000) and the og¢ferences cited below.

Hazard Index (HI) (U.S. EPA, 2000)

* Assumes a common mode of action and similarly shapse-response curves across the
components. The common mode of action assumpéorbe based on the same target
organ or similar effect.

» Component exposures (oral intakes or inhalatiorceotmations) are scaled by a measure
of relative potency—typically the RfD for oral desand the RfC for inhalation exposure.

» The scaled intakes or concentrations are then suhtongrovide an indicator of risk from
exposure to the mixture.

* Exposures should be relatively low so that inteoaceffects are not expected.

» Used extensively as an indicator of potential naseahealth risk. Method is commonly
used in Superfund site assessments (U.S. EPA, 1f@8%hich a screening approach is
generally used to estimate the HI for all chemigdth pertinent exposure data and
toxicity values, regardless of mode of action ogéhorgan. If the resulting HI is greater
than unity, additional procedures, including estintaHIs on a subset of components
that have a similar mode of action or target ongry be used to further assess the
potential hazard (U.S. EPA, 1989, 2000).

'U.S. EPA (2000) defines “similar components” agjgrchemicals that cause the same biologic actorigre
expected to cause a type of biologic activity basedhemical structure. Evidence of similarity niaglude
similarly shaped dose-response curves, or pafatisiose-probit response curves for quantal dath@mumber of
animals (people) responding, and the same mecharfiantion or toxic endpoint. These components alag be
expected to have comparable characteristics fer fensport, physiologic processes, and toxicity.

8
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Relative Potency Factors (RPFs) (U.S. EPA, 2000)

» Assumes a common mode of action or similar toxiarg similarly shaped
dose-response curves across the components ainlexgtosure levels of interest to the
risk assessment. The common mode of action assumngan be met by toxicological
similarity but for specific conditions (endpointute, duration).

* Used when toxicity data are incomplete for some maments.

» Component exposures (oral intakes or inhalatiorceotnations) are scaled relative to the
potency of an index chemical (typically the bestdgtd component).

» Scaled intakes or concentrations are then summedhe dose-response curve of the
index chemical is used to generate a responsg @ssknate for the mixture.

» Used for carcinogenic PAHs (U.S. EPA, 1993).

Response Addition (U.S. EPA, 2000)

» Assumes toxicological independence of action amdlsulated using the law of
statistical independence.

* Risk of an effect is estimated for each componsimgiits dose-response curve (in
percent responding) at the component’s exposues ifteke or inhalation
concentration).

* Risks are summed (simple sum for small number efrgbals or using the independence
formula for large number of chemicals) to yieldskrestimate for the mixture.

* Exposures should be relatively low so that inteomceffects are not expected.

» Used extensively for cancer risk characterizatioised in Superfund site assessments
(U.S. EPA, 1989).

The overall risk of exposure to complex mixtureslgbhatic and aromatic hydrocarbons
is the sum of the risks or HI's from all fractiotmswhich a population is exposed, as shown in
Figures 1 and 2, respectively, and discussed ifolleving paragraphs. The quantitative
exposure information for these individual chemiaai$ractions/subfractions is based on
analytical data from the hazardous waste sites.tfeosake of completeness, Figures 1 and 2
show a summation across all six fractions, buteddmg on the source of the mixture and
weathering and transport, exposure may be limiezhty one or a few fractions. Each of the
six fractions is represented by (1) an individuatsgate chemical; (2) a surrogate mixture;
and/or (3) actual components (e.g., aromatic lolwaarange, see Table 1). In the case of (1)
and (2), the surrogate chemical or mixture is th@yethat meets criteria for similarity with the
fraction or its components (as discussed latenis\RPRTV), and for which there is sufficient
information for derivation of toxicity values. bme instance (i.e., mid carbon range aromatic
fraction, see Table 1), a surrogate mixture isctetkto represent the remainder of the fraction
after the components with different and more potexicities (i.e., naphthalene and 2-
methylnaphthalene) are assessed individually. rEgyi and 2 provide a graphic illustration of
how cancer and noncancer risk assessments aredcaut, respectively. The illustrated
noncancer assessment (Figure 2) is performedaearsng level, consistent with Superfund
practice and guidance (1989).

By applying additivity concepts to the risk evaloatof these complex mixtures, the
U.S. EPA is applying a straightforward approach theorporates a number of simplifying
assumptions. Because assumptions for complex chémixtures are often difficult to
substantiate, this U.S. EPA approach can be comsides a default approach that can be used to
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evaluate potential health risks from exposurediphatic and aromatic hydrocarbon mixtures
when whole mixture toxicity data for a specificeséire not available. These assumptions
include: the surrogate mixture or component(s)asg@nt the toxicity of the entire fraction;
independence of toxic action exists when addingicagenic risks within and across fractions
under response addition; there is common toxicititiw and across fractions for
dose-addition-based methods (i.e., HI, RPF); aynkrgjistic or potentiating toxicological
interactions among chemicals are not likely to feapat low environmental contamination
levels. Discussions are presented in the nexioseot this document regarding how well each
of the surrogate mixtures or component(s) represdettoxicity of its associated fraction;
information from these discussions can be usediskecharacterization. Because the
composition of hydrocarbon mixtures is complex sades with time-dependent weathering and
transport changes, it will be difficult to proviégidence that the other three assumptions
mentioned here are being met for every exposumeasice For cancer risk estimation, response
addition (for most chemicals) and RPFs (for PAH®)well-established chemical mixture
methods. Response addition has been identifiedda$ault method for evaluating carcinogenic
risk for mixtures, assuming independence of togitwoa, whose result is interpreted as the risk
of any cancer regardless of tumor site (U.S. E891 2000). The RPF method, based on an
assumption of dose-addition, has long been usad 8yEPA to evaluate seven PAHSs for
carcinogenicity (U.S. EPA, 1993); B[a]P has beesduss the surrogate to represent the
carcinogenicity of the other PAHs. These methsetewn in Figure 1, are recommended in this
document and may be used as defaults within tliidraapproach to evaluate potential cancer
risks. Application of the HI to the fractions, slsown in Figure 1 may be performed at a
screening level, consistent with Superfund prading guidance (U.S. EPA, 1989). Although
exposures to the surrogate mixtures and compoftigttsepresent the fractions may produce
different toxic effects, it may be argued that eesaing level Hl is appropriate because it is
unknown whether the effects caused by other cong®imthe fractions may indeed cause
similar toxicity across fractions. Finally, whemd or more chemicals at a site are identified as
having high exposure concentrations, the toxicoldgyature should be consulted for evidence
of toxicological interactions among these chemic#isynergism is found for these chemicals,
then this should be called out in the risk charaa&on along with the quantitative risk or
hazard estimates. In general, these four assungpsioould be evaluated and verified whenever
possible and the results articulated as part ofitla risk characterization.
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Aliphatic Rm = Z R, Aromatic
Fractions i=1 Fractions

Cancer Risk Cancer Risk

4
CSReomhexand DOS&ipni > | Aliph1 Fraction || Arom1 Fraction | < 2, Dose, xCSF,

i=1
i = benzene, toluene,
ethylbenzene, xylene

CSI:MidRangeAHSX DOSQ\IiphZ (_Zancer RIS.k Cancer RIS.k Data not supportive
— | Aliph2 Fraction Arom2 Fraction of toxicity-value

derivation

Data not supportive Cancer Risk Cancer Risk !

- . . . Dosex RPEXCSFs

oftoxiety-value > | Aliph3 Fraction || Arom3 Fraction ‘_,Zl: ¢ ! *
i = B[a]P and 6 other Group
B2 PAHSs with RPFs

\ J

Sum fraction specific risk estimates assumjng
response addition

¥

Examine Uncertainties: Identify % of risk
estimate associated with screening valugs

Figure 1. Fraction-based Cancer Risk Assessmentrf@omplex Mixtures of Aliphatic and
Aromatic Hydrocarbons

Where:
Rn = Risk posed by the mixture
Ri = Risk function associated with tth fraction
Dosge = Oral Exposure Dose or Inhalation Exposure @atration for théth fraction (mg/kg-day
or mg/m, respectively)
CSkF = Cancer Slope Factor (OSF) or Inhalation UngkR1IUR) of surrogate chemical or

components in (mg/kg-dayor (ug/m®)™, respectively

Com-hexane commercial hexane

AHS = Aliphatic Hydrocarbon Streams
RPF = Relative Potency Factor for th PAH
BaP = Benzo(a)pyrene
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In addition to describing the underlying assummpdiavhen evaluating risks posed by
hydrocarbon mixtures, risk assessors also will icansources of uncertainty in the assessment.
One source of uncertainty pertains to the qualityhe data underlying toxicity values.
Differences or perceived differences in the qualityhe underlying data led the U.S. EPA to
categorize some hydrocarbon RfDs and cancer shapters as provisional values, while others
with less information or lower quality informatiovere categorized as screening values, which
appear in appendices of the PPRTVs. For exampkgme cases, U.S. EPA could not
determine whether the relevant toxicity data hademgone independent, external, scientific peer
review; in these cases, a screening RfD or scrgarancer slope factor was developed (see
Table 1). To convey this difference in the quatifythe data used in the mixture risk assessment,
the U.S. EPA suggests that risk assessors ideh#@fpercentage of the estimated risk or of the
hazard index that is associated with screeningityx@stimates (i.e., screening cancer slope
factors or screening RfDs) and the percentage bas@uovisional estimates (i.e., provisional
cancer slope factors or provisional RfDs). ltkely that there will be less confidence in
estimates utilizing a higher percentage of scraeRifDs or screening cancer slope factors when
compared to those estimates comprised of a loweeptage of screening RfDs or screening
cancer slope factors. Such examinations of mixtigkeestimates are consistent with mixture
risk assessment practices (U.S. EPA, 2000; Riek,2005).

DEFINITION OF FRACTIONS AND DERIVATION/
SELECTION OF TOXICITY VALUES

Rationale and Recommendations for U.S. EPA Approach

The U.S. EPA approach to evaluating complex megwof aliphatic and aromatic
hydrocarbons is fundamentally a fraction-based @gogir, building on the contributions of the
MADEP and the TPHCWG. Some modifications are revemded in (1) fraction definition, (2)
selection of a surrogate compound or mixture, a odbmponents-based method for the fraction,
and (3) selection or derivation of toxicity valusssed on up-to-date methods and data.

Given the complexity of the problem and the nundfendividual compounds that are
constituents of complex mixtures of aliphatic anohaatic hydrocarbons, a fraction approach is
a practical method for assessing the health risia £xposure to these mixtures that accounts
for variation in mixture composition across sitddADEP (2003) establishes hydrocarbon
fractions based first on molecular structure (arenaersus aliphatic), and then, secondly, on
number of carbon atoms (C), using toxicologicaliyikar groupings and excluding compounds
with less than five carbons because their hightilityeprecludes chronic exposure from
spills/releases. The TPHCWG (1997a) also estasislydrocarbon fractions based on
molecular structure, but, as the second delineatoses equivalent carbon (EC) number index.
This index is equivalent to the retention timeled tompounds on a boiling-point gas
chromatography (GC) column (nonpolar capillary caoh), normalized to the-alkanes. For
example, benzene, a C6 aromatic compound has af &6 because its boiling point and GC
retention time are approximately halfway betweaséofn-hexane (C6, EC6) amttheptane
(C7, EC7). The assessment of transport fract@sslefined by the TPHCWG (1997a) for TPH,
appears particularly useful because these fractelage to transport in the environment (at least
under certain conditions). Their transport camaeleled, and they are consistent with the
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analytical methods used to quantify and identifgregarbons. These fractions are defined by
the ranges of their EC number indices, which aieed to their transport in the environment.

The following sections of this PPRTV document preghe aliphatic and aromatic
fractions and discuss the available toxicity assesss for individual compounds and similar
mixtures (if any) for each fraction. Both the QlaBC ranges of the fractions are noted. In
addition, recommendations are presented for aidrattased assessment of complex mixtures of
aliphatic and aromatic hydrocarbons. The recommimas include selection of appropriate
surrogates or a components method for each fraatidrselection of appropriate toxicity values
for those surrogates/components.

The aliphatic hydrocarbon fractions are discugsetl These compounds pose a
particular problem because little or no toxicityalare available for most of the individual
constituents, and, although data for mixtures epwading to these fractions have been
generated, many of the studies originally were bipbed industry studies. Some of the studies
are now available as Toxic Substances Control &st Bubmissions (TSCATS) microfiche, or
were provided by MADEP, and a few have been puétish

The aromatic hydrocarbon fractions, discussedexyuEntly, pose less of a problem
because of the availability not only of toxicitytdabut also, in many cases, of U.S. EPA RfDs
and cancer assessments. The definition of th&édres; however, is not as clear.

As a preliminary step in identifying potential sagate compounds to represent the
toxicity of the fractions or identifying compoundseful in a components method, a list of
individual hydrocarbons was compiled and additidsedkground searching was performed.
The list included all individual hydrocarbons catesied previously by the U.S. EPA NCEA'’s
Superfund Technical Support Center in the evalaatichydrocarbons, as well as all those with
toxicity data reviewed by MADEP (2003) or the TPHGWL1997b). Similarly, a list of
mixtures, primarily hydrocarbon streams, was coatpftom these sources. Background
searching focused on the IRIS database (U.S. EG@9d), the HEAST (U.S. EPA, 1997),
ATSDR Toxicological Profiles (ATSDR, 2008), the @hieal Assessments and Related
Activities (CARA) list (U.S. EPA, 1991, 1994), attte Drinking Water Standards and Health
Advisories list (U.S. EPA, 2006). Additionally, [E®A (2008), the National Toxicology
Program (NTP, 2008), the World Health OrganizafdiHO, 2008), and the International
Agency for Research on Cancer (IARC, 2008a, b) werssulted for information. The
U.S. EPA’s (2007a) High Production Volume (HPV) Gé&rage Program, and particularly the
Petroleum HPV Testing Group (2007) publicationsyalt as the Organisation for Economic
Co-operation and Development (OECD) HPV Programpreehing Information Data Set
(SIDS) documents (OECD/SIDS, 2007) were searchedddinent information. Additional
pertinent individual compounds and mixtures encergd during this background search were
added to the list for further consideration. Oa fasis of the information found during
background searches, some compounds and mixturesgpeared to be possible candidates for
use as surrogates were subjected to preliminarglseg in MEDLINE (PUBMED) and
TSCATS. If chosen for PPRTV development on thesbakthe results of the background
searching or the preliminary searching, compoumdssnaixtures were then subjected to the full
suite of searching (through 2009). The searchldetee described in the front matter of the
PPRTV documents (U.S. EPA, 2009a-i). Final ligstsandidate toxicity values for
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consideration as surrogates for the aromatic aptatic fractions are compiled in Tables 2—6 of
this document; the sources are identified in tiftecidumn as IRIS, PPRTV, HEAST, MADEP,
TPHCWG, or ATSDR.

Method for Surrogate Compound or Mixture Selection
The criteria used for selecting chemicals or nriess$ufor potential use as surrogates, or for
choosing a components method, are as follows:

* The surrogate mixture or compound had to be a aelealiphatic or aromatic
hydrocarbon or composed exclusively of aliphati@ammatic hydrocarbons.

* The surrogate mixture or compound had to have rldl®. EPA toxicity values or
adequate data for the derivation of toxicity vatagerticularly subchronic and chronic
RfDs and/or RfCs. The ability to support the depehent of a carcinogenicity
assessment was desirable but not required.

« First preference was given to mixtures that arélaifrto the fraction in composition, and
that have toxicity values or adequate toxicity dataupport the derivation of toxicity
values.

o Criteria for similarity of composition included siler C and EC number range,
similar aliphatic or aromatic hydrocarbon composeand purity (e.g., lack of
contamination of aliphatic mixtures with aromatéesl vice versa, and lack of
contamination with nonaliphatic or aromatic hydntca compounds).

o Toxicity considerations include similarity of eftenf the surrogate mixture with
known toxicities of the individual components oé thaction.

» If suitable mixture data were lacking, the nexpsteas to select from the fraction a
representative compound that was known or coulassemed to be similar
toxicologically (defined previously), in terms gfpes of effects in vivo and potency, to
the other compounds in the fraction, and that hidelesuitable toxicity values or
adequate toxicity data to support the derivatiotogicity values.

» If the components of the fraction varied highlytype or potency of toxic action, the
more toxic component (e.g;hexane, low carbon range aliphatic fraction) wasduess
the surrogate when it exceeded the percentage fouhé surrogate mixture (e.g.,
commercial hexane, inhalation assessment) or wtianr suitable values were not
available for the exposure route (oral). Alterwelly, the components with different and
more potent toxicities (naphthalene and 2-methyitizgdene) were recommended to be
assessed separately, and the remaining mass foattien (medium carbon range
aromatics) assessed using values for a surrogatamnihigh-flash aromatic naphtha).

» If the toxicities of all the individual compoundsre well characterized, toxicity values
were available or could be derived for the indigbcompounds, and these compounds
were monitored at sites of aliphatic or aromatiddogarbon contamination, then toxicity
values were provided for the individual compour@support a components method

“Similar mixtures are mixtures that differ slighttyyt they are expected to have comparable chaistitsrfor fate,
transport, physiologic processes, and toxicityeSehmixtures may have the same components bugimlgl
different proportions, or they have most composéminearly the same proportions with only a feffedent (more
or fewer) components. Similar mixtures cause Hmesbiologic activity or are expected to causesdmae type of
biologic activity due to chemical composition. $anmixtures act by the same mechanism of actioafiect the
same toxic endpoint (U.S. EPA, 2000).
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wherein the potential risk from exposure to eaamponent is assessed individually (e.g.,
the low carbon range aromatic fraction), followsdapplication of appropriate additivity
methods.

* For the high carbon range aromatic fraction, a camepts method was recommended for
the carcinogenic (Group B2) PAHSs, using an existirejhod, the RPF method, to assess
carcinogenicity.

» Uncertainties regarding the suitability of the sgate compound or mixture to represent
the toxicity of the fraction were discussed.

Toxicity Values for Aliphatic Fractions

The aliphatic fractions as defined by MADEP imtsrof C range are similar to the
fractions as defined by the TPHCWG (19974, b) imgeof EC range. This provisional
assessment adopts these fractions and lists batid €C ranges.

Low Carbon Range Aliphatic Fraction: C5-C8, EC5-EC8

This fraction includes-pentanen-hexane, cyclohexane, the dimethylbutanes and
methylpentanes, cyclopentameheptanen-octane, some branched chain alkanes including the
trimethylpentanes, cyclohexane, methylcyclopentand,methylcyclohexane. According to the
TPHCWOG, this fraction also includes some alkeneshss 1-hexene. MADEP, however,
includes alkenes with aromatics and says theyatrenesent in high concentrations in petroleum
products. Previous efforts by MADEP (2003) and TR”W¥G (1997b) to identify toxicity data
for hydrocarbons in this fraction reported toxidailgta fom-pentane, 2- and 3-methypentane,
n-hexane, methylcyclopentane, cyclohexanbeptane, methylcyclohexane,
2,2,4-trimethylpentane, and 1-hexene, as well asxfo mixtures: commercial hexane and
technical-grade heptane (MADEP, 2003; TPHCWG, 1997b

Commercial hexane generally contains approxim@@hb3%mn-hexane
(TPHCWG, 1997b; U.S. EPA, 2005b). The remainingstibuents of commercial hexane are
the following branched and cyclic C6 aliphatic caapds: 3-methylpentane,
methylcyclopentane, 2-methylpentane, cyclohexaj@edRnethylbutane, and <1% of several
minor constituents. Technical-grade heptane,anotily toxicity study located for this mixture
(Truhaut et al., 1973), contained approximately 52beptane, with the remainder of the
mixture consisting of the following C6-C8 aliphatiompounds: 2- and 3-methylhexane,
2,3-dimethylpentane, cyclohexane, methylcyclohexapedimethylhexane, and approximately
3% aromatic compounds (benzene and toluene)d hali contaim-hexane.

For this low carbon range aliphatic fraction, dations of toxicity values have been
considered by the U.S. EPA, ATSDR, MADEP, and TPH&%hAd are summarized in Table 2.
RfCs are available far-hexane and cyclohexane, but no RfDs are availabl®ts
(U.S. EPA, 20090). A subchronic provisional RfBRfD) and a subchronic p-RfC have been
developed fon-hexane (U.S. EPA, 2009c). The only aliphatic hgdrbon mixture in this
fraction range that has sufficient toxicity data derivation of oral or inhalation toxicity values
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Table 2. Toxicity Values for the Low-Carbon Rangeliphatic Fraction: C5-C8, EC5-EC§'

Derived Value

(O]
8
3 OSF (per
%) EC Name Oral (mg/kg-day) Inhalation (mg/m?) Cancer WOE | mg/kg-day) | IUR (per pg/m?) Date”
IRIS and PPRTV Values
} 6 n-Hexane RfD: Inadequate data RfC: 7 x10%, peripheral neuropathy,Inadequate data NA NA 2005b
E Huang et al., 1989
W 6.59 | Cyclohexane RfD: Inadequate data RfC: 6 x 1, reduced pup weight, |Inadequate datd NA NA 2003
g § DuPont HLR, 1997a
a’ N 7 n-Heptane Not assessed Not assessed Group D (nbtA NA 1996
o classifiable)

6.98 | 2,2,4-TrimethylpentandRfD: Inadequate data RfC: Inadequate data Inadequate dgta NA NA 2007
£ 5 n-Pentane INPROC
% 6 n-Hexane SRfD: 3 x 10%, reduced  |sRfC: 2 x 1(, decreased motor neryBlot assessed Not assessed  Not assessed 2009
© ] nerve conduction velocity|conduction velocity, Huang et al.,

T E (Ono et al., 1981) 1989
w g RfD: Not assessed RfC: Not assessed
g o 7 n-Heptane sRfD: Inadequate data |[SRfC: Inadequate data Inadequate datd Inadequate glatadequate data | 2004d
;g RfD: Inadequate data RfC: Inadequate data
E 7.22 | Methylcyclohexane |[sRfD: Inadequate data |SRfC: Inadequate data Cannot be NA NA 2005a
o RfD: Inadequate data RfC: Inadequate data determined-
o suggestive

- - Commercial hexane |sRfD: Inadequate data  |sRfC: 27 x 10, clinical and Suggestive Inadequate dat4.9 x 10 2009f
o E RfD: Inadequate data histopathological signs of neuropathgyidence pituitary adenomg
S £ IRDC, 1992a,b or carcinoma,
; Q RfC: 6 x 10%, nasal epithelial cell Biodynamics,
E 3 hyperplasia, Biodynamics, 1993b; Daughtrey
o < 1993a/Daughtrey et al.,1999 et al., 1999
aa (*Screening

Value)
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Table 2. Toxicity Values for the Low-Carbon Rangeliphatic Fraction: C5-C8, EC5-EC8'
o Derived Value
(8]
3 OSF (per
) EC Name Oral (mg/kg-day) Inhalation (mg/m?®) Cancer WOE | mg/kg-day) | IUR (per pg/m®) Date
Other Peer-Reviewed or Relevant Toxicity Values
6 n-Hexane sRfD: 6 x 10'neuropathy |sRfC: 2 x 10 adopted RfC on IRIS #lot assessed Not assesse Not assessed -
< and testicular atrophy, the time as sRfC
3 Krasavage et al., 1980
- RfD: 6 x 10%neuropathy
E and testicular atrophy,
w Krasavage et al., 1980
n
=) 7.22 | Methylcyclohexane Not assessed sRfC: 3 x 1, possible male rat Not assessed Not assesse Not assessed -
: hyaline droplet nephropathy, Kinkead
2 et al., 1985
w RfC: 3 x 1, possible male rat
T hyaline droplet nephropathy, Kinkead
etal., 1985
N 6 |n-Hexane RfD: 4 x 107 reduced  |RfC: 2 x 10%, neurotoxicity, 1993 |Not assessed Not assesse Not assesseq -
w 'ooo body weight (peripheral |IRIS value
2 I neuropathy at high dose),
S Krasavage et al., 1980
o - Commercial hexane |RfD: 5 x 1, extrapolated|1.84 x 18, neurotoxicity and other |Not assessed Not assesse Not assesseq -
% > from TPHCWG RfC systemic and portal of entry effects
9 (several industry studies, mostly
= ‘6 referenced to abstracts)
o o 6 n-Hexane Intermediate MRL: Intermediate MRL: Inadequate datgaNot assessed Not assesse Not assessed 1999b
T E Inadequate data Chronic MRL: 6 x 10* ppm, reduced
= % Chronic MRL: Inadequatemotor nerve conduction velocity,
X o i
5 ° data Sanagi et al., 1980
o8
<c
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Table 2. Toxicity Values for the Low-Carbon Rangeliphatic Fraction: C5-C8, EC5-EC8'
g Derived Value
3 OSF (per
»n| C | EC Name Oral (mg/kg-day) Inhalation (mg/m?®) Cancer WOE | mg/kg-day) | IUR (per pg/m®) Date

dComplete citations for the principal studies carfdumd in the source documents (e.g., IRIS [U.SAER090])
PDate of IRIS assessment (last revision) or of PPRTXTSDR toxicological profile; dates for HEAST, ADEP and TPHCWG are provided in far left columrtaifle.

ATSDR = Agency for Toxic Substances and DiseasésRggC = carbon number, EC = equivalent carbominer index, HEAST = Health Effects Assessment summable,
INPROC = in process, IRIS = Integrated Risk Infation System, IUR = inhalation unit risk, MADEP =alkachusetts Department of Environmental Proted&L =
Minimal Risk Level, NA = Not applicable, OSF = osdbpe factor, p- = provisional, PPRTV = ProvisibRaer-Reviewed Toxicity Value, PTV = Provisionalxicity Value

(draft), RfC = inhalation reference concentratigRfC = subchronic RfC, RfD = oral reference do&#Ds= subchronic RfD, TPHCWG = Total Petroleum Hychirbon Criteria
Working Group, WOE = weight of evidence
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is commercial hexane. Although the oral data dosnpport derivation of RfDs, a subchronic
p-RfC, a p-RfC, and a cancer assessment, inclusmeeninginhalation unit risk, have been
developed for commercial hexane (U.S. EPA, 2009 dated literature searches were
performed for cyclohexane in 2009, but no newea da&t would support derivation of oral
toxicity values or impact the inhalation RfC weoeihd. n-Heptane and methylcyclohexane
were the subjects of PPRTV development; the datadli support development of subchronic or
chronic RfDs or RfCs for these compounds (U.S. EEI®4d, 2005a). Development of a
PPRTYV forn-pentane is in process; information from that PPRViNbe considered for use in
evaluating hydrocarbon mixtures when this mixttP@RTV document is revised.

ATSDR has consideraetthexane, but it has not developed oral MRLs for teipound
(ATSDR, 1999b). The HEAST (U.S. EPA, 1997) listdshronic and chronic RfDs for
n-hexane and subchronic and chronic RfCs for metleldtyexane, but these values are
superseded by the more recent PPRTV documentldse tthemicals. MADEP (2003) has
developed an RfD fan-hexane and has adopted the previous IRIS RfC feicttmpound (the
current RfC became available in 2005). The TPHC{/@7b) has derived an inhalation RfC
for commercial hexane using methods inconsistetit gurrent U.S. EPA practice, and they
performed a route-to-route extrapolation of thikieao derive an RfD.

As per MADEP’s (2003) update of its toxicity vatuend the 2004 PPRTV orheptane
(which also covered technical-grade heptanes; EPA, 2004d), pertinent data for
technical-grade heptane are limited to a singldys{ue., Truhaut et al., 1973) that suggested
peripheral neuropathy in rats exposed by inhalatioformation in the study, however, does not
support development of toxicity values, and thetarix contained both toluene and benzene, as
previously described. Literature searches conduat@009 revealed no newer data or any data
on an aromatic-free heptane mixture that coulddmel o develop toxicity values.

Data on the individual aliphatic hydrocarbonsto$ tfraction suggest nervous system
effects. While some of the compounds have cenealous system effects, as well as liver and
kidney effects, peripheral neuropathy is the aiteffect ofn-hexane, mediated through its
metabolite, 2,5-hexandione (a gamma-diketone; BE3\, 20090). Concern has focused on the
potential for some of the other compounds in thastion to be metabolized to gamma-diketones
and, therefore, also cause peripheral neuropailsyreviewed by MADEP (2003), studies with
the putative gamma-diketone metabolites (e.g.h2fanedione, 3,6-octanedione) of some of
the compounds in this fraction have suggestedtiiegt may cause peripheral neuropathy, but
data showing that exposure to the parent compoundaause peripheral neuropathy are
inadequate. For example, neither oral nor inhata¢ixposure to-heptane caused peripheral
neuropathy in rats in studies that specificallyeisiigated this potential outcome
(U.S. EPA, 2004d). In a study of the potentialipeeral neurotoxicity oh-hexane isomers,
2-methylpentane, 3-methylpentane, and methylcycitgre were administered by gavage to rats
in increasing amounts over the course of 8 week® @ al., 1981). Although-hexane,
administered in the same manner, significantly eleeed peripheral nerve conduction velocity
(motor nerve, mixed nerve-distal portion, and miredve-proximal portion of the tail), the other
compounds were less effective or ineffective. @a&, however, were reported graphically, no

% Screening values are developed in the AppendixRPRTV. For example, in cases where a high dedree
uncertainty exists. Screening values are inteffidiedse in limited circumstances when no Tier 19123 values are
available.
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clinical signs of neuropathy were seen for anyhef¢compounds, and histopathological
examinations of the peripheral nerves were not gotadl. Thus, the effects of these hexane
isomers are not readily quantifiable and the clihggnificance of the isomer results is unclear.
However, Krasavage et al. (1980) also directly stobhat none of these compounds produced
toxicity to the extent that 2,5-hexandione did.isT$tudy showed a correlation between
neurotoxicity index and the peak serum concentataf 2,5-hexandione from several peripheral
neurotoxicants including-hexane.

To represent the toxicity of this fraction, théahation PPRTVs for commercial hexane
(U.S. EPA, 2009f) are recommended, unle$exane accounts for >53% of the analyzed
fraction, in which case the-hexane toxicity values should be used (see Tablé&2§ of the
mixture data better represents the toxicity offtaetion, although there are uncertainties with
this method because it is predominantly a C6 mextlExposure to airborne commercial
mixtures has been associated in a few studiesneitinological effects in workers (e.qg.,
Passero et al., 1983), and a subchronic continmbagation exposure study of commercial
hexane in experimental animals (IRDC, 1992a, byntepl peripheral neuropathy as the critical
effect. In contrast, the critical effect for chromhalation exposure to this mixture was nasal
lesions. While histopathological evaluation of teepiratory tract was performed in the
subchronic study, no adverse findings were obserdéerefore, a chronic p-RfC based on nasal
and laryngeal lesions is protective for the pemmpheeuropathy seen in the subchronic
continuous exposure study (IRDC, 1992a, b). Bezaosoral toxicity values could be derived
for commercial hexane, the oral toxicity of thectian can be assessed using the subchronic
p-RfD for n-hexane (U.S. EPA, 2009c). The data for commehgahne are considered
adequate to develop a quantitative estimate ofaraigk from inhalation exposure for this
fraction. However, because the WOE indicatesdgestive Evidence for the Carcinogenic
Potential,” there is some uncertainty associated with thetifiation. For these reasons,
Appendix A of the commercial hexane PPRTV docunecentains a screening p-lUR that may
be useful in certain instances (i.e., wimelnexane accounts fer53% of this fraction). Please
see the that Appendix for details (U.S. EPA, 2009®ble 2 lists these values and assessments.

Medium Carbon Range Aliphatic Fraction: C9—-C18, E€8-EC16

This fraction includes-nonanen-decane, and longer chairalkanes; a fem-alkenes
(e.g., tridecene); branched chain alkanes and etkexnd alkyl-substituted cycloalkanes (see
comment about alkenes at the beginning of the pusvgection). Derivations of toxicity values
for these compounds are not available from the BE#\'s IRIS or HEAST, or from ATSDR,
MADEP, or TPHCWG. PPRTVs for-nonane and-decane are completed; information from
those PPRTVs will be considered for use in evahggliydrocarbon mixtures when this mixtures
PPRTV document is revised. Limited toxicity data available fon-undecane (VCCEP, 2004).
ATSDR toxicological profiles and inhalation MRLseaavailable for various jet fuels and
kerosene, but these mixtures have a substantialadio content and are therefore not suitable to
represent the toxicity of this fraction. The tatgoof this fraction may be better represented by
dearomatized hydrocarbon streams and solvents$athatithin this carbon range and have
minimal (<1.0%) aromatic content. Subchronic aoaicity studies were performed with the
mixtures listed in the following bullets (note thhe ternn-paraffins refers tm-alkanes, the
term isoparaffins refers to branched chain alkaaed,the terms naphthenes and cycloparaffins
refer to cyclic alkanes):
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* C11-C17 isoparaffin mixture, typical aromatic conteftG5% (Anonymous, 1990);

* C9-C12 isoparaffim-alkane/naphthene mixture with an aromatic cont@&®%
(Anonymous, 1991b);

» C10-C13 isoparaffin/naphthemealkane mixture with an aromatic content of 0.1%
(Anonymous, 1991a).

Subchronic and 6-month inhalation toxicity studiese been performed with the
following mixtures:

» C10-C11 isoparaffin mixture with no aromatic contenti(fipps and Egan, 1984);

» C11-C12 dearomatized white spirit (paraffin/naphthenetune) with an aromatic
content <0.5% (Phillips and Egan, 1984);

* Crange not reported, dearomatized white spiribt@at not reported; Lund et al., 1996).

Subchronic toxicity and 2-year toxicity/carcinogety studies have been performed with
the following mixture:

* C10-C13 Stoddard Solvent liG{paraffins, isoparaffins, cycloparaffins) with an
aromatic content <1.0% (NTP, 2004).

Complete citations for these studies are providdd.S. EPA (2009h). Some additional
supporting toxicity studies on similar mixtures axailable as well.

Table 3 lists the available toxicity informatiorr this fraction. The MADEP (2003) and
TPHCWG (1997b) have based their toxicity valuesliieg fraction on some of the studies of
aliphatic hydrocarbon streams. Other suitable datee not been located. The mixture data are
considered preferable to single component datareagously discussed. Accordingly, PPRTVs
were derived based on the mixture data as paheoétfort to provide suitable toxicity values for
this fraction (U.S. EPA, 2009h) using current LEPA methods. These PPRTVs, listed in
Table 3, are the recommended values for this fra@nd include subchronic and chronic
p-RfCs and a provisional cancer WOE'Stiggestive Evidence of Carcinogenic Potentialtf
addition, Table 3 contains several screening vatugsmay be useful in evaluating this fraction,
developed in Appendix A of U.S. EPA (2009h). Besmthe toxicity data based on the three
unpublished studies (Anonymous, 1990, 1991a,bhar@eer-reviewed, only screening chronic
or subchronic RfDs are available in Table 3. Tawdre considered adequate to develop a
guantitative estimate of cancer risk from inhalatexposure. However, because the WOE
indicates Suggestive Evidence for the Carcinogenic Poteitihlere is some uncertainty
associated with the quantification. Appendix Alté PPRTV document on the Midrange
Aliphatic Hydrocarbon Streams contains a screeptigR and screening chronic or subchronic
RfDs that may be useful in certain instances (BFA, 2009h). Please see that Appendix for
details. The screening IUR is listed in Table 3JLEPA, 2009h).
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Table 3. Toxicity Values for the Medium Carbon Rame Aliphatic Fraction: C9-C18, EC > 8—-EC18

o Derived Value

[&]

3 Cancer | OSF (per IUR

® | c | EC Name Oral (mg/kg-day) Inhalation (mg/m®) WOE | mglkg-day) | (per pg/n?) | Date”
PPRTV Values

9 9 n-Nonane INPROC

c
% 10 10 n-Decane INPROC
©
<918 |8-16 Aliphatic hydrocarbon |sRfD: 1 x 10%, liver, kidney and SRfC: 1 x 10%, nasal goblet cell [Suggestivdlnadequate [4.5 x 10°, [2009h
& IS streams/solvents within|hematologic effects, Anonymous, 19|hypertrophy, NTP, 2004 evidence |data benign or

. % the C9-C18 range and |1991a,b (*Screening Value) RfC: 1 x 10% nasal goblet cell malignant
g ° containing <0.5% to <14RfD: 1 x 10? based on same study ashypertrophy and adrenal adrenal
vg aromatics the sRfD hyperplasia, NTP, 2004 pheochromg
E (*Screening Value) cytoma,
& NTP, 2004
o (*Screening

Value)
Other Peer-Reviewed or Relevant Toxicity Values
9-18 |8-16 | Aliphatic hydrocarbon |RfD: 1 x 10, liver effects, RfC: 2 x 10% neurological Not Not assessed Not assessed
o~ streams within the Anonymous, 1990, 1991a,b effects, Lund et al., 1995 assessed
g 8 C9-C18 range and
<§f S containing
<0.5% aromatics
o/9-18 |8-16 | Aliphatic hydrocarbon |RfD: 1 x 10%, liver effects, unpublishelRfC: 1 x 1, NOAELs, multiple |Not Not assessed Not assessed
% > streams within the studies not further referenced studies assessed
9 C9-C18 range and
vy containing
©) .
<0.5% aromatics

dComplete citations for the principal studies carfduand in the source documents (e.g., MADEP, 2003).
Date of PPRTV; dates for MADEP and TPHCWG are ptediin far left column of table.

*Screening values are developed in the Appendx BPRTV. For example, in cases where a high dednaecertainty exists. Screening Values are ingerfdr use in limited
circumstances when no Tier 1, 2, or 3 values aaédable.

C = carbon number, EC = equivalent carbon numlxXnINPROC = in process, IUR = inhalation unikyiSIADEP = Massachusetts Department of EnvironnidéPitatection,
NOAEL = no-observed-adverse-effect level, OSF # sl@pe factor, p- = provisional, PPRTV = ProvisdbPeer-Reviewed Toxicity Value, RfC = inhalati@fierence
concentration, sRfC = subchronic RfC, RfD = ordémence dose, sRfD = subchronic RfD, TPHCWG = Tottdteum Hydrocarbon Criteria Working Group, WORveight of

evidence
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High Carbon Range Aliphatic Fraction: C19-C32, EC 26-EC35

This fraction includes longeralkanes, such as eicosane, and branched and cyclic
alkanes. Toxicity values are not available foritiddvidual compounds. A search for toxicity
information on eicosane in particular was desirfigleause MADEP (1994) had suggested it as a
reference compound for this fraction, but data sujpee of derivation of toxicity values were
not located. Food-grade and medicinal-grade mimésaare pure (aromatic-free) mixtures of
aliphatic hydrocarbons that correspond to this @anange fraction and have data suitable for
toxicity-value derivation. Both MADEP (2003) an®ACWG (1997b) have based RfDs on
these data. To support this update of the PPRT&liphatic and aromatic hydrocarbons,
literature searches on mineral oils were perforaretithe medical literature on mineral oils was
consulted. Oral PPRTVs and a cancer assessmelnilimy a WOE of Inadequate Information
to Assess the Carcinogenic PotentiaF’white mineral oil, were derived (U.S. EPA, 2009
using current U.S. EPA methods. Table 4 summatieesesulting values and the previous
MADEP and TPHCWG values. The PPRTVs are recomntefateassessment of this fraction.

Toxicity Values for Aromatic Fractions
Low Carbon Range Aromatic Fraction: C6—C8, EC6-ECS<

This fraction contains aromatic hydrocarbons e @6-C8 range: benzene, toluene.
ethylbenzene, anal, m-, andp-xylenes (commonly referred to as BTEX). The TPHGW
(1997b) defined this fraction variously as EC-ET8 and EC5EC8. Benzene was not
included in the noncancer assessment because & waaginogenic indicator compound.
Toluene, ethylbenzene, styrene, and xylene wetaded, but, with the exception of toluene, the
EC values for these C8 compounds are all >8 (andsodt appears that the TPHCWG (1997b)
was using actual C number rather than EC numbke MADEP recommended that the
low-carbon-range aromatics (BTEX [MADEP 1994, 20884 styrene [MADEP, 2003]) be
assessed individually. It is unclear, however, tvbestyrene is a constituent of petroleum
products. For example, styrene is not reporteal @mstituent of any of the petroleum mixtures
including gasoline, kerosene, jet fuels, diesel, fiuel oils, lubricating and motor oils, and crude
oil in the TPHCWG (1998b) Volume 2. The TPHCWGYI8) Volume 3 lists styrene as a
constituent for only one mixture, diesel, at a viery weight percentage of <0.002%, which may
mean that it was detected but was below the quadiotit limit. The reference provided for that
information is a personal communication preparediitish Petroleum; thus, the information
cannot readily be confirmed.

Because U.S. EPA toxicity values and cancer assads are available for the individual
compounds in this fraction, and because the BTEXimely are monitored at sites of aromatic
hydrocarbon contamination, the recommendationHisrftaction is to assess the BTEX
individually. Consistent with this recommendatitime low carbon range aromatic fraction is
defined as a G&8 and ECBEC < 9 fraction so that it includes all of the BTERfDs, RfCs,
and cancer assessments are available on IRIS BPA,.20090) for these compounds, and
provisional toxicity values were derived for submfic oral and inhalation exposure
(U.S. EPA, 2009a-d) as part of this effort. TheAH (U.S. EPA, 1997) lists some values or
assessments for the compounds, but they are sdpdrbg the newer IRIS and PPRTV
assessments. ATSDR has derived MRLs for the BT&EXall, but their methods sometimes
differ from U.S. EPA methods and some of their assents of these compounds are older.
Table 5 summarizes these values and the basdsefoderivations.
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Table 4. Toxicity Values for the High Carbon Range\liphatic Fraction: C19-C32, EC > 16-EC35
@ Derived Value
ugu Cancer OSF (per IUR
Cc Name Oral (mg/kg-day) Inhalation (mg/m®) WOE | mg/kg-day)| (per pg/m’) | Date’
PPRTV Values
< =]19-32 White mineral oils  |sRfD: 3 x 13 lower end of human sRfC: NA Inadequate |Inadequate |NA 2009i
& g generally in the C and|therapeutic dose range for laxative |RfC: NA information |data
% s EC range of interest |effects, NASPGHN, 2006 to assess
S5 ° RfD: 3 x 1®, based on same data as the
=3 SRfD
-
X g
&g
Other Peer-R or Relevant Toxicity Values
Q- 19-32 White mineral oils  |RfD: 2 x 10, liver granuloma Smith efRfC: Inadequate data, not volatile Not asseéiet assessatlot assessed —
Ty generally in the C and|al., 1996
23 EC range of interest
s¢
o — 19-32 White mineral oils  |RfD: 2 x 10, liver granuloma, Smith efRfC: Not assessed Not assesgéot assessetliot assessed —
=2 generally in the C and|al., 1996
o EC range of interest
T o
o
|_

dComplete citations for the principal studies carfduand in the source documents (e.g., MADEP, 2003).
Date of PPRTV; dates for MADEP and TPHCWG are ptediin far left column of table.

C = carbon number, EC = equivalent carbon numhixXnlUR = inhalation unit risk, MADEP = Massachits@®epartment of Environmental Protection; NA =tidpplicable,
OSF = oral slope factor, p- = provisional, PPRT®Provisional Peer-Reviewed Toxicity Value, PTV =¥Wswonal Toxicity Value (draft); RfC = inhalatiorference
concentration, sRfC = subchronic RfC, RfD = ordérence dose, sRfD = subchronic RfD, TPHCWG = TB&troleum Hydrocarbon Criteria Working Group, WOReight of

evidence
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Table 5. Toxicity Values for the Low Carbon RangeAromatic Fraction: C6—-C8, EC6-EC < &
Derived Value
8 IUR
3 Cancer OSF (per (per
e EC Name Oral (mg/kg-day) Inhalation (mg/m?®) WOE mg/kg-day) | pg/m’) | Date’
IRIS and PPRTV Values
6 6.5 |Benzene RfD: 4 x 10°, decreased lymphocyte |RfC: 3 x 102 decreased Group A 15x10Pto [2.2 x10° [2003/
count, Rothman et al., 1996, lymphocyte count, Rothman ef(human 5.5 x 107, to 2000-
- extrapolated from inhalation al., 1996 carcinogen), (leukemia, 7.8 x 10°, |cancer
& known/likely |several studiesleukemia,
8 human extrapolated |several
:_ carcinogen [from inhalationstudies
& 7 7.58 | Toluene RfD: 8 x 107, increased kidney weigh{RfC: 5 x 1¢, neurological Inadequate |[NA NA 2005
5 NTP, 1990 effects, multiple studies data
S5 |8 8.5 Ethylbenzene RfD: 1 x 10% liver and kidney lesions)RfC: 1 x 10, developmental |Group D (not|NA NA 1991
n Wolf et al., 1956 effects, Andrew et al., 1981; |classifiable)
x Hardin et al., 1981
8 8.6— |Xylenes RfD: 2 x 10%, decreased body weight,RfC: 1 x 10%, impaired motor |Inadequate [NA NA 2003
8.81 increased mortality, NTP, 1986 coordination, Korsak et al., data
1994
= |6 6.5 Benzene SRfD: 1 x 10, decreased lymphocyte |SRfC: 8 x 10, decreased Not assessed| Not assessed Not |2009a
g count, Rothman et al., 1996, lymphocyte count, Rothman et assessed
§ extrapolated from inhalation (U.S. EPJsl., 1996
o 20090) RfC: Not assessed
o RfD: Not assessed
'E 7 7.58 | Toluene SRfD: 8 x 10, increased kidney weighsRfC: 5 x 10, neurological Not assessed Not assessed Not |2009d
IS NTP, 1990 effects, multiple studies, U.S. assessed
© RfD: Not assessed EPA, 20090
E RfC: Not assessed
ﬁ 8 8.5 Ethylbenzene sRfD: 5 x 102 centrilobular hepatocytesRfC: 9 x 10, ototoxicity, Not assessed Not assessed Not |2009b
S5 hypertrophy, Mellert et al., 2007 Gagnaire et al., 2007 assessed
; RfD: Not assessed RfC: Not assessed
E 8 8.6— |Xylenes SRfD: 4 x 10%, reduced body weight, [sRfC: 4 x 10%,neurological Not assessed Not assessed Not |2009e
& 8.81 Wolfe et al., 1988a effects, Korsak et al., 1994 assessed
RfD: Not assessed RfC: Not assessed

25



FINAL

9-30-2009
Table 5. Toxicity Values for the Low Carbon Rangeé\romatic Fraction: C6—C8, EC6-EC < &
Derived Value
3 IUR
3 Cancer OSF (per (per
@l C EC Name Oral (mg/kg-day) Inhalation (mg/m?®) WOE ma/kg-day) | pg/m?) | Date’
Other Peer-Reviewed or Relevant Toxicity Values
6 6.5 Benzene Not assessed sRfC: [Comment: Contact Not assessed Not assessed 2.9% 16
Superfund Health Risk (per
Technical Support Center] mg/kg-
< RfC: Not assessed day),
o leukemia
:. 7 7.58 | Toluene SRfD: 2 x 10, altered liver and kidney|sRfC: [Comment: Contact the [Not assessed Not assessed ~ Not |-
o weight, NTP, 1989 Superfund Health Risk assessed
w RfD: Not assessed Technical Support Center]
g RfC: Not assessed
: 8 8.5 Ethylbenzene sRfD: [Comment: Contact Superfund |SRfC: [Comment: Contact Not assessed Not assessed Not |-
2 Health Risk Technical Support CentefSuperfund Health Risk assessed
| RfD: Not assessed Technical Support Center]
T RfC: Not assessed
8 8.6— |Xylenes sRfD: [Comment: Contact Superfund |SRfC: Not assessed Not assessed Not assessed Not |-
8.81 Health Risk Technical Support CentefRfC: Not assessed assessed
RfD: Not assessed
6 6.5 Benzene Intermediate MRL: Inadequate data |Intermediate MRL: 6 x 10° |Not assessed Notassessed Not [2007a
Chronic MRL: 5 x 10% extrapolated |ppm, delayed splenic assessed
from inhalation lymphocyte reaction to antigens
= (Rosenthal and Snyder, 1987
E RfC: 3 x 10° ppm, decreased
g B-lymphocyte counts, Lan et &
17 2004a,b
LC“ 7 7.58 | Toluene Intermediate MRL: 2 x 10 regional |Intermediate MRL: Inadequat|Not assessed Not assessed Not [2000
° increases in brain monoamine data; use chronic MRL assessed
S neurotransmitters, Hsieh et al., 19904 Chronic MRL: 8 x 10° ppm
Z Chronic MRL: Inadequate data (3 x 10" mg/n?), color vision
& impairment, Zavalic et al.,
2 1998a
< |8 8.5 Ethylbenzene Intermediate MRL: Inadequate data |Intermediate MRL: 1 x 10 Not assessed Not assessed Not |1999c
Chronic MRL: Inadequate data ppm, developmental effects, assessed
Andrew et al., 1981
Chronic MRL: Inadequate data
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Table 5. Toxicity Values for the Low Carbon Rangeé\romatic Fraction: C6—C8, EC6-EC < &
Derived Value

3 IUR

3 Cancer OSF (per (per

@l C EC Name Oral (mg/kg-day) Inhalation (mg/m?®) WOE mgl/kg-day) | pg/m’) | Date’

8 8.6— |Xylenes Intermediate MRL: 4 x 107, SRfC: 6 x 10" ppm, neurotoxic/Not assessed Not assessed Not [2007b

g 8.81 neurotoxic effects (NTP, 1986) effects, Korsak et al., 1994 assessed
E Chronic MRL: 2 x 10, decreased bo{RfC: 5 x 10% ppm, respiratory
8 weight gain and survival (NTP, 1986)|and neurological effects, Uchida
7 et al., 1993
©
£
(O]
IS
A=)
@
[a)
N
|_
<

#Complete citations for the principal studies carfduand in the source documents (e.g., IRIS [U.SAE®090]).
®Date of IRIS assessment (last revision) or of PPRIate for the HEAST is provided in far left columfitable.

ATSDR = Agency for Toxic Substances and DiseasaésRggC = carbon number, EC = equivalent carbominer index, HEAST = Health Effects Assessment sumable,
IRIS = Integrated Risk Information System, IUR Hatation unit risk, MRL = Minimal Risk Level, NA Not applicable, OSF = oral slope factor, PPRTV evi&ional Peer-
Reviewed Toxicity Value, PTV = Provisional Toxictalue (draft), RfC = inhalation reference concatitm, sRfC = subchronic RfC, RfD = oral referedose, sRfD =

subchronic RfD, RPF = Relative potency factor, WOW®&eight of evidence
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The IRIS RfDs, RfCs, and cancer assessments afdRRTVs (subchronic p-RfDs and
subchronic p-RfCs) provided in Table 5 are the neo@nded values for assessment of the
components of this fraction.

Medium Carbon Range Aromatic Fraction: C9-C16, ECRE < 22

The MADEP (2003) grouped the entire range of ataradrom C3-C32 into a single
fraction for the assessment of oral noncancer tiyxand divided the fraction into GZ€18 and
C19-C32 fractions for the assessment of inhalation anoer toxicity. The TPHCWG
(1997a, b) defined their transport fractions byrt@nber rather than C number, but in selecting
and deriving toxicity values, they actually used @ number range of C>816 rather than the
EC number range (TPHCWG, 1997b). For the aronmgtiitocarbons, the difference between C
and EC can be large (e.g., the C16 compound fltloeare has an EC of 21.85). An EC range of
EC9-EC < 22 is recommended in this document, whichesponds to a C range of about
C9-C16, for this medium carbon range aromatic fractiased on environmental transport and
toxicological considerations—including volatilityad carcinogenicity. This fraction is virtually
the same as the fraction defined by the TPHCWG{R9

This medium carbon range aromatic fraction inctuldager chain and multi-substituted
benzenes (e.g., cumene [isopropylbenzamplopylbenzene, methylethylbenzenes, and
trimethylbenzenes), indan, methylindans, naphtleseand some lower molecular weight PAHs
(e.g., acenaphthylene, acenaphthene, fluorenegpti@ene, anthracene, and pyrene). As listed
in Table 6, toxicity values and cancer assessnagtavailable for some of these individual
compounds. IRIS values include RfDs for cumengihitaalene, 2-methylnaphthalene,
1,1-biphenyl, acenaphthene, fluorene, anthracemepgrene, RfCs for cumene and naphthalene
and only qualitative cancer assessments for mattyese compounds with the exception of an
oral slope factor (OSF) for benzo(a)pyrene. Alsted in Table 6 are a mix of provisional
toxicity values including values for p-RfDs, subehic p-RfDs, p-RfCs, subchronic p-RfCs, p-
OSFs, screening RPFs, cancer assessments, anairsgnedrfDs, subchronic p-RfDs, p-RfCs
and subchronic p-RfCs (see entriesrfgaropylbenzene, 1,3,5-trimethylbenzene,
1,2,4-trimethylbenzene, high-flash aromatic naph#methylnaphthalene,
1-methylnaphthalene, anthracene, pyrene, and bamtit@acene). A PPRTV for 1,2,3-
trimethylbenzene is completed (U.S. EPA, 2009Kprimation from that PPRTV will be
considered for use in evaluating hydrocarbon megwhen this mixtures PPRTV document is
revised. Table 6 includes both the medium and bagbon range fractions to facilitate
evaluation of the selected C and EC ranges foethes fractions, and because of the overlap
between ranges in the MADEP approach and the TPHBWI&ssification by C rather than the
EC number range.
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Table 6. Toxicity Values for the Medium and High Grbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35

2 Derived Value OSF (per IUR
5 Cancer mg/kg- (per
3 C | EC Name Oral (mg/kg-day) Inhalation (mg/m?®) WOE, RPF| day) ng/m’) | Date’
IRIS and PPRTV Values

9 9.13 | Cumene RfD: 1 x 10%, increased kidney |RfC: 4 x 10%, increased Group D (ngNA NA 1997
. (isopropylbenzene) |weight, Wolf et al., 1956 kidney and adrenal weightsclassifiable)
S Cushman et al., 1995
% 10 11.69| Naphthalene RfD: 2 x 10% decreased body |RfC: 3 x 10° nasal lesions, |Group C Inadequatenadequat¢l1998
< weight, BCL, 1980 NTP, 1992 (possible  |data data
& human
o carcinogen)
2 11 12.84| 2-Methylnaphthalene |RfD: 4 x 10°, alveolar proteinosiginadequate data Inadequat®NA NA 2003
g Murata et al., 1997 data
oLo|12 14.26| 1,1-Biphenyl RfD: 5 x 10% kidney damage, |Inadequate Data Group D (ngNA NA 1989/
& Ambrose et al., 1960 classifiable) 1991
= 12 15.06| Acenaphthylene Not assessed Not Assessed Group D (nglnadequatédnadequat¢l991
2 classifiable) |data data
Q& 12 15.5 | Acenaphthene RfD: 6 x 10%, hepatotoxicity, Not Assessed Not assesgedt Not 1994
< U.S. EPA, 1989 assessed |assessed
& 13 16.55| Fluorene RfD: 4 x 10%, decreased red blog#lot assessed Group D (ngNA NA 1990
n cells, packed cell volume and Hgp, classifiable)
2 U.S. EPA, 1989
0 14 19.36| Phenanthrene Not assessed Not assessed Group D (ngNA NA 1990
x classifiable)

14 19.43| Anthracene RfD: 3 x 10", freestanding NOEL|Not Assessed Group D (ngNA NA 1993/

U.S. EPA, 1989 classifiable) 1991
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Table 6. Toxicity Values for the Medium and High Grbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35
2 Derived Value OSF (per IUR
5 Cancer mg/kg- (per
3 C | EC Name Oral (mg/kg-day) Inhalation (mg/m?) WOE, RPF|  day) ng/m’) | Date’
16 | 20.8| Pyrene RfD: 3 x 107 kidney effects, Not assessed GroupD (ng NA NA 1993/
e U.S. EPA, 1989 classifiable 1991
2 |16 21.85| Fluoranthene RfD: 4 x 10% kidney, liver, Not assessed Group D (ngNA NA 1993/
a hematologic and clinical effects, classifiable) 1990
X o U.S. EPA, 1988
O
g 9118 26.37| Benz(a)anthracene Not assessed Not adsesse Group B2 |Not Not 1994
o (probable |assessed |assessed
SIS
o human
< 3 carcinogen),
w S RPF=0.1
0
> |18 27.41| Chrysene Not assessed Not assessed GPouplBadequatgnadequatel 994
% (probable |data data
14 human
carcinogen),
RPF=0.001
= 20 30.14| Benzo(b)fluorantheng Not assessed Nossade Group B2 |Inadequatginadequatel994
2« (probable |data data
S & human
< 0 carcinogen),
o - RPF=0.1
¥ gzo 30.14| Benzo(k)fluorantheng  Not assessed Nosssde Group B2 |Inadequatginadequate¢l994
5 i (probable |data data
g human
g carcinogen)
Q: g 9
- RPF=0.01
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Table 6. Toxicity Values for the Medium and High Grbon Range Aromatic Fractions:

C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35
8 Derived Value OSF (per IUR
5 Cancer mg/kg- (per
3 C | EC Name Oral (mg/kg-day) Inhalation (mg/m?) WOE, RPF| day) ng/m’) | Date’
< 20 31.34| Benzo(a)pyrene Not assessed Not assessed roup B2 |7.3x 1, |Not 1994
& (probable |fore- assessed
3 human stomach
S carcinogen),(larynx,
c RPF=1 esophagus
2 4 data setg
Bo22 33.92| Dibenz(a,h)anthracerje Not assessed Nextszesh Group B2 |Inadequatéinadequat¢l994
x (probable |data data
= human
3 carcinogen),
8 RPF=1
< 22 34.14| Benzo(g,h,i)perylene| Not assessed Nossade Group D (ngNA NA 1990
& classifiable)
0 22 35.01| Indeno(1,2,3-c,d)pyrehmt assessed Not assessed Group Bihadequaténadequatel994
2 (probable |data data
n human
@x carcinogen),

RPF=0.1

£ 9 9.47 |n-Propylbenzene SRfD: 1 x 10, liver and kidney |SRfC: 1 x 10, developmentdinadequate [NA NA 2009j
2 toxicity, based on IRIS RfD for [toxicity, based on IRIS RfC |data
3 ethylbenzene, Wolf et al., 1956, [for ethylbenzene, Andrews et
< c| using a surrogate analysis al., 1981; Hardin et al., 1981,
& g RfD: 1 x 10", liver and kidney  |using a surrogate analysis
% § toxicity, based on IRIS RfD for |RfC: 1 x 1, developmental
S ethylbenzene, Wolf et al., 1956, [toxicity, based on IRIS RfC
;E using a surrogate analysis for ethylbenzene, Andrews et
E (*Screening Values) al., 1981; Hardin et al., 1981,
o using a surrogate analysis
o (*Screening Values)
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Table 6. Toxicity Values for the Medium and High Girbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35
8 Derived Value OSF (per IUR
5 Cancer mg/kg- (per
3 C | EC Name Oral (mg/kg-day) Inhalation (mg/m?®) WOE, RPF| day) pg/m’) | Date’
9 9.62 |1,3,5-TrimethylbenzersRfD: 1 x 10", increased liver  |SRfC: 1 x 10% Wiaderna et |Inadequate [NA NA 2009k
weight, Koch Industries, 1995 |al., 2002 data
RfD: 1 x 10% increased liver RfC: Inadequate data
weight, Koch Industries, 1995
’g (*Screening Values)
> 9 9.84 | 1,2,4-TrimethylbenzemsRfD: Inadequate data SRfC: 7 x 10% decreased |Inadequate |Inadequatginadequate2007f
3 RfD: Inadequate data clotting time, Korsak et al., |data data data
‘% 2000
= RfC: 7 x 10°, based on sRf(
° study
é 9 10.06| 1,2,3-Trimethylbenzene INPROC
< |10 9.84 | tert-Butylbenzene  [SRfD: Inadequate data SRFC: Inadequate data Inadequate |Inadequatédnadequate?2004a,b,¢c
& RfD: Inadequate data RfC: Inadequate data data data data
0 |10 9.98 | sec-Butylbenzene |sRfD: Inadequate data sRfC: Inadequate data Inadequate |Inadequatédnadequaté?2004a,b,¢
2 RfD: Inadequate data RfC: Inadequate data data data data
E 10 10.5 |n-Butylbenzene sRfD: Inadequate data sRfC: Inadequate data Inadequate |Inadequaténadequaté?2004a,b,¢
g RfD: Inadequate data RfC: Inadequate data data data data
& l9-10 High-flash aromatic  [sRfD: 3 x 10, anemia, SRfC: 1 x 10 maternal body|lnadequate |Inadequatginadequate2009g
naphtha Bio/Dynamics, 1990b weight depression, McKee ginformation |data data
RfD: 3 x 10% from sRfD study [al.,1990 to assess
(*Screening Values) RfC: 1 x 10", from sRfC
study
= 11 12.84| 2-Methylnaphthalene |sRfD: 4 x 10°% alveolar proteinosilsRfC: Inadequate data Inadequate [NA NA 2007c
T E Murata et al., 1997 RfC: Inadequate data data
‘("DJ_ 2 RfD: Not assessed
[&]
o5 |l 12.99| 1-Methylnaphthalene|RfD: 7 x 10° sRfC: Inadequate data Suggestive [2.9x 10° |Inadequaté2008
> ‘—z (*Screening value) RfC: Inadequate data evidence data
%o
a3
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Table 6. Toxicity Values for the Medium and High Girbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35
@ Derived Value OSF (per IUR
5 Cancer mg/kg- (per
3 C | EC Name Oral (mg/kg-day) Inhalation (mg/m®) WOE, RPF| day) ng/m’) | Date’
= |12 15.06| Acenaphthylene sRfD: Inadequate data sRfC: Inadequate data Inadequate [NA NA 2009
S RfD: Inadequate data RfC: Inadequate data data
]
§ 14 19.36| Phenanthrene sRfD: Inadequate data sRfC: Inadequate data Group D (ngNA NA 2009m
= RfD: Inadequate data RfC: Inadequate data classifiable)
LCE 14 19.43| Anthracene SRfD: 1 x 10 free standing NOELSRfC: Inadequate data Inadequate [NA NA 2009n
© Wolfe, 1989 (RfD on IRIS) RfC: Inadequate data data
@ 16 20.8 | Pyrene SRfD: 3 x 10", kidney damage, |sRfC: Inadequate data Not likely to (Inadequatenadequate?007e
< U.S. EPA, 1989 RfC: Inadequate data be a human|data data
& RfD: Not assessed carcinogen
o 18 26.37| Benz(a)anthracene |sRfD: Not assessed SRfC: Not assessed Not assesselnadequateNot 2007b
3 RfD: Inadequate data RfC: Inadequate data RPF=0.1 |data assessed
> (*Screening
e Value)
& 20 31.34| Perylene sRfD: Inadequate data sRfC: Inadequate data Inadequate (Inadequaténadequate2007d
RfD: Inadequate data RfC: Inadequate data data data data
Other Peer-Reviewed or Relevant Toxicity Values
<9 9.13 | Cumene SRfD: 4 x 10, increased kidney |SRfC: 9 x 10°CNS effect, [Not assessedlot Not —
§ (isopropylbenzene) |weight, Wolf et al., 1956 nasal irritation, Monsanto C assessed |assessed
R 1986
= RfC: 9 x 10°, CNS effect,
w nasal irritation, Monsanto C
N 1986
E’ 12 14.26| 1,1-Biphenyl SRfD: 5 x 10° kidney damage, |RfC: considered not verifiabNot assessetlot Not —
2 Ambrose et al., 1960 (RfD on IRIBYy RfD/RfC Work Group assessed |assessed
w12 15.5 | Acenaphthene SRfD: 6 x 10, liver effects, U.S. |Not assessed Not assespéut Not —
T EPA, 1989 assessed |assessed
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Table 6. Toxicity Values for the Medium and High Grbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35

o Derived Value OSF (per IUR
% Cancer mg/kg- (per
3 C | EC Name Oral (mg/kg-day) Inhalation (mg/m?) WOE, RPF|  day) ng/m’) | Date’

13 16.55| Fluorene SRfD: 4 x 10", decreased red blo(Not assessed Not assespéot Not —
< cells, U.S. EPA, 1989 assessed |assessed
& 14 19.43| Anthracene SRfD: 3 x 10, freestanding NOELIRfC: considered not viiable|Not assessedlot Not —
¥ 1 U.S. EPA, 1989 by RfD/RfC Work Group assessed |assessed
2816 20.8 | Pyrene SRfD: 3 x 10", kidney damage, |RfC: considered not verifiagNot assessedlot Not —
5 - U.S. EPA, 1989 by RfD/RfC Work Group assessed |assessed
E 16 21.85| Fluoranthene SRfD: 4 x 10", kidney, liver and |RfC: considered not verifiabNot assessetlot Not —
I hematologic effects, U.S. EPA, |by RfD/RfC Work Group assessed |assessed

1988
- 19-10 High flash aromatic [Not assessed RfC: 5 x 10 increased livefNot assesselot Not —
w8 naphtha weight and possible CNS assessed |assessed
9( I effects, Clark et al., 1989
E |
0 9 9.47 | High-flash aromatic |Not assessed RfC: 2 x 10", increased livefNot assessedlot Not —
= ;.g‘ naphtha (called C9 and kidney weight, Clark et assessed |assessed
02 Aromatics by al., 1989
e TPHCWG)
|_
~ |10 11.69| Naphthalene Intermediate MRL: 6 x 10, Intermediate MRL: Not assessefilot Not 2005
E transient CNS signs rat dams, NIRadequate data assessed |assessed
c 1991 Chronic MRL: 7 x 10* ppm
@ T Chronic MRL: Inadequate data |(3 x 10° mg/n?), nasal
8§ lesions, NTP, 2000
DD: 311 12.84| 2-Methylnaphthalene|intermediate MRL: Inadequate |Intermediate and chronic  [Not assessetlot Not 2005
%) data MRL: Inadequate data assessed |assessed
K Chronic MRL: 4 x 107, alveolar
proteinosis, Murata et al., 1993
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Table 6. Toxicity Values for the Medium and High Grbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35

@ Derived Value OSF (per IUR
5 Cancer mg/kg- (per
3 EC Name Oral (mg/kg-day) Inhalation (mg/m®) WOE, RPF| day) ng/m’) | Date’
o ’Ell 12.99| 1-Methylnaphthalene|intermediate MRL: Inadequate |Intermediate and chronic  [Not assessefilot Not 2005
© E data MRL: Inadequate data assessed |assessed
22 Chronic MRL: 7 x 107 alveolar
005 ° proteinosis, Murata et al., 1997
N &
[
<

12 15.5 | Acenaphthene Intermediate MRL: 6 x 10" liver |Intermediate and chronic  |Not assesselot Not 1995
= effects, U.S. EPA, 1989c MRL: Inadequate data assessed |assessed
= Chronic MRL: Inadequate data
§ 13 16.55| Fluorene Intermediate MRL: 4 x 10", liver |Intermediate and chronic  [Not assesse#lot Not 1995
7 effects, U.S. EPA, 1989e MRL: Inadequate data assessed |assessed
© Chronic MRL: Inadequate data
c
o |14 19.43| Anthracene Intermediate MRL: 1 x 10, free |Intermediate and chronic  [Not assesseliot Not 1995
§ standing NOAEL (concern for liveMRL: Inadequate data assessed |assessed
~ effects), U.S. EPA, 1989d
% Chronic MRL: Inadequate data
I(Q 16 21.85| Fluoranthene Intermediate MRL: 4 x 10", liver |Intermediate and chronic  [Not assesseflot Not 1995
< effects, U.S. EPA, 1989%¢ MRL: Inadequate data assessed |assessed

Chronic MRL: Inadequate data
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Table 6. Toxicity Values for the Medium and High Grbon Range Aromatic Fractions:
C9-C16, EC9-EC < 22 and C17-C32, EC22-EC35

Derived Value OSF (per| IUR
Cancer mg/kg- (per
Inhalation (mg/m°) WOE, RPF| day) pg/m®) | Date’

C EC Name Oral (mg/kg-day)

dComplete citations for the principal studies carfdamd in the source documents (e.g., IRIS [U.SAE®090)).
®Date of IRIS assessment (last revision), PPRT\ATBDR toxicological profile; dates for HEAST, MADEBNnd TPHCWG are provided in far left column of

table.

Source

*Screening values are developed in the Appendix BPRTV. For example, in cases where a high degneecertainty exists . Screening Values are iein

for use in limited circumstances when no Tier 19123 values are available.

RPF = Relative potency factor (U.S. EPA, 1993ktistvith IRIS Cancer WOE for convenience of the ezad

ATSDR = Agency for Toxic Substances and DiseasasRggC = carbon number, CNS = central nervousesysEC = equivalent carbon number index,
HEAST = Health Effects Assessment summary Tabl®RNC = in process, IRIS = Integrated Risk Informatbystem, IUR = inhalation unit risk, MADEP =
Massachusetts Department of Environmental ProteciiiRL = Minimal Risk Level, NA = Not applicable, OEL = no-observed-effect level, OSF = oral slope
factor, p- = provisional, PPRTV = Provisional P&aviewed Toxicity Value, PTV = Provisional Toxicifalue (draft), RfC = inhalation reference
concentration, sRfC = subchronic RfC, RfD = ord¢rence dose, sRfD = subchronic RfD, RPF = Relgintency factor, TPHCWG = Total Petroleum

Hydrocarbon Criteria Working Group, WOE = weightevidence
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A mixture of predominantly G&10 alkylbenzenes, high-flash aromatic naphtha, has
been studied toxicologically. Basing a value foleast the alkyl benzenes on a mixture, rather
than a single chemical, is preferable since tha gapport development of toxicity values.
Although MADEP (2003) and TPHCWG (1997b) derivelatation RfCs for this mixture, some
additional studies were located, including oratiggg, and it was considered advisable to
perform an updated assessment using current U&nkehods. Therefore, a PPRTV
document was developed for high-flash aromatic tiep{lJ.S. EPA, 2009g). The PPRTVs for
high-flash aromatic naphtha, listed in Table 6lude subchronic and chronic p-RfCs. In
addition, Table 6 contains several screening vdiesigh-flash aromatic naphtha that may be
useful in evaluating this fraction, developed inp&pdix A of U.S. EPA (2009g). Because the
toxicity data based on the three unpublished ssud@e/Dynamics Inc., 1990a,;b; Mobil Oil
Corporation, 1994) are not peer-reviewed, onlyesairey chronic or subchronic RfDs are
available in Table 6. Subchronic and chronic R#lues for individual alkylbenzenes in Table 6
(n-propylbenzene, 1,3,5-trimethylbenzene) are alstduhto screening values due to database
weaknesses.

The effects of compounds in this fraction are camiy kidney, liver, and body weight
effects. Hematological effects are seen with sofrteese compounds. The subchronic and
chronic p-RfCs and subchronic and chronic screeRiiigs derived for high-flash aromatic
naphtha are the same order of magnitude as thosieefgsingle compounds in this fraction,
including biphenyl and the low molecular weight PAHExceptions on IRIS are the
2-methylnaphthalene RfD, which is an order of magie lower and is based on alveolar
proteinosis, and the naphthalene RfC, which isdvaers of magnitude lower and based on
nasal lesions. Other exceptions are the p-Rfllforethylnaphthalene, which is, however, only
a screening value, and subchronic p-RfC and p-RiGes for 1,3,5-trimethylbenzene and
1,2,4-trimethylbenzene.

According to MADEP (2003), both naphthalene andéthylnaphthalene are target
analytes assessed separately under the Massashsetingency Plan. The recommendation in
this PPRTV is to assess exposure to these compasepdsately if possible, using their specific
toxicity values (oral RfD and subchronic p-RfD #methylnaphthalene, oral RfD and
inhalation RfC for naphthalene). Their mass shd@dubtracted from the total fraction mass
before use of the high-flash aromatic naphtha ttyxi@lues listed in Table 6 for the remaining
fraction. Specific monitoring data are unlikelylte available for 1-methylnaphthalene or the
trimethylbenzene isomers, but if such data arel@viai, then these chemicals could be treated
similarly to naphthalene and 2-methylnaphthalene.

Because high-flash aromatic naphtha is a mixtbpredominantly C9C10
alkylbenzenes, the provisional values for this omgtare most relevant to the alkylbenzene
portion of this fraction. Although there may beater uncertainty involved in using these
values when the fraction includes less closelycstimally-related compounds, the available
toxicity values for these other compounds (1,1-biph, and the lower molecular weight PAHS,
listed in Table 6) are similar to those for highsth aromatic naphtha, which supports the use of
that mixture as a surrogate for the fraction. @agenicity data are generally inadequate for
compounds in this fraction and also for high-flasbmatic naphtha.
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High Carbon Range Aromatic Fraction: C17-C32, EC22E35

To help readers understand clearly the U.S. ERpkageh for this fraction, a brief
explanation is provided here, followed by more egiee discussions below. For noncancer oral
toxicity values, fluoranthene, an IRIS and HEASStdd chemical, was selected as a surrogate.
Since this fraction is basically nonvolatile, nbatation toxicity values were attempted. For
cancer toxicity values, seven PAH are to be evatlitigether as indicator components for this
fraction, using the RPF method. As shown in T&hldhese seven are IRIS-listed B2
carcinogenic PAHs with RPFs from U.S. EPA, 1998, (benzo[a]pyrene, benz[a]anthracene,
chrysene, benzo[b]fluoranthene, benzo[k]fluoranéheibenz[a,h]anthracene,
indeno[1,2,3-c,d]pyrene).

As explained previously, MADEP grouped the entinege of aromatics from €232
into a single fraction for the assessment of oomlcancer toxicity and divided the fraction into
C9-C18 and C19C32 fractions for the assessment of inhalation aoncer toxicity. The
TPHCWG (1997a) defined their transport fractiond26&/number rather than C number, but in
selecting and deriving toxicity values, they adipaked the C number ranges. Because the EC
value for aromatic hydrocarbons is higher thanGhalue, the low end of their fraction range
actually was EC22, rather than the stated EC STPHCWG, 1997b). The use of the EC
number range of EC2EC35 is recommended in this document, which comedpto a C
number range of about C3C€32, for the high carbon range aromatic fractiosellaon
environmental transport and toxicological consitlere, including volatility and
carcinogenicity. This fraction is virtually thersa as the fraction defined by the TPHCWG
(1997b).

This fraction includes the medium and high molacweight PAHs, which generally are
not volatile when released to soil or water (ATSDIR95Y. Although PAHs can bind to soil
particulates, methods and data to estimate toxveilyes or assess risk from inhaled
soil-particulate-bound PAHSs are not available.

Data on noncancer toxicity are limited for the PAdishis fraction, and RfDs, RfCs, and
MRLs have not been derived for them. The noncaoiartoxicity of this fraction can be
assessed through the use of the oral toxicity edloiefluoranthene. Although fluoranthene is a
C16 compound, it has an EC of 21.85, which is \eoge to the lower end (22) of the EC range
for this fraction. The RfD for fluoranthene is daale on IRIS and the subchronic RfD, based
on the same study, is listed in the HEAST. Tableg®rts these values. The uncertainty
involved in the use of fluoranthene as a surrof@atéhe noncancer oral toxicity of this fraction
is high due to the lack of relevant data on thecaoger toxicity of the compounds in this
fraction.

A cancer slope factor is available only for the Gr@2 (probable human carcinogen)
PAH benzo(a)pyrene. The other six Group B2 PAHslm®aassessed using the RPFs estimated
and recommended by U.S. EPA (1993). This is ait&dr component method that assumes the
carcinogenicity of the fraction is approximatedtbg components with known carcinogenicity

“When released to air through combustion procesisese PAHs exist primarily in the particulate phasacept for
chrysene and benzo(a)anthracene, which can exiglpain the vapor phase (ATSDR, 1995). PAHsatesl and
released to air by combustion, however, are ndtiwihe scope of this document on aliphatic andnarta
hydrocarbons.
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and quantitative estimates (slope factor or RRF¥hen U.S. EPA develops new RPFs for
additional PAHs or recommends changes in the cusetrof seven RPF values for evaluation of
the PAHSs, these can be incorporated into the gskssment.

CONCLUSIONS AND RECOMMENDATIONS

Building upon the contributions of MADEP and TPHGMb the fractional approach for
evaluation of hazard/risk of exposure to petroldwmrocarbons (see Appendix A), this PPRTV
document updates and expands the selection anchtien of toxicity values to include both
subchronic and chronic RfDs and RfCs, as well aseaWOE assessments, OSFs, and IURs.
Newer data and updated U.S. EPA methods are uggd\tme new provisional assessments
(U.S. EPA, 2009a-i) as needed and supported bauvhiable data. The approach is generally
consistent with the MADEP and the TPHCWG approachsisg toxicity values for a surrogate
compound or similar mixture to represent the tayiof the fraction. Where the components of
the fraction vary in type or potency of toxic actiat is recommended that the more toxic
component (e.gn-hexane of the low range aliphatic fraction) be uagthe surrogate when it
exceeds the percentage in the surrogate mixtuge @mmercial hexane, inhalation
assessment), or when other suitable values ar@adable for the exposure route (oral). In
some cases, a components method is recommendetbrithe BTEX (low carbon range
aromatic fraction); and for seven PAHSs of the highbon range aromatic fraction, which are
IRIS-listed Group B2 (probable human carcinogem¢ioagenic PAHs with RPFs from U.S.
EPA (1993). A combination components and surrogakture approach is recommended for
the medium carbon range aromatic fraction, withténget analytes naphthalene and
2-methylnaphthalene assessed separately usingtiesific toxicity values (oral for both
compounds and inhalation for naphthalene). Thesrobthe target analyte(s) is subtracted from
the fraction mass, which is then assessed usingtipxalues for the surrogate mixture (high-
flash aromatic naphtha).

The recommended toxicity values and cancer assggsrand methods are summarized
in Table 7 (noncancer oral), Table 8 (noncancealation), and Table 9 (cancer oral and
inhalation). The rationales for these recommendathave been presented in previous sections
of this document. The use of additivity methodsJUEPA, 1986, 1989, 1993, 2000) is
recommended when applicable to assess potentaliitin and across fractions. These
methods include the HI for noncancer effects of anal inhalation exposure, RPFs for the
Group B2 (probable human carcinogen) PAHs, andorespaddition for assessing cancer risk
across fractions. These methods are essentialtypaonent-based methods wherein the fractions
(or in the cases described previously, individdedroicals in the fraction) are considered
components of aliphatic and aromatic hydrocarbons.
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Table 7. Recommended Oral Noncancer Toxicity Valugefor Aliphatic and Aromatic
Hydrocarbon Fractions®

Aliphatics
Fraction:
Surrogate or
Components sSRfD (mg/kg-day) Source RfD (mg/kg-day) Source
Low carbon range C5-C8, EC5-ECS:
n-hexane 3 x 18, reduced nerPPRTV Not assessed under |IRIS (U.S. EPA,
conduction velocity, |(U.S. EPA, 2009c) |IRIS program 2009))
Ono et al., 1981
Medium carbon range C9-C18, EC > 8-EC16:
Hydrocarbon 1 x 10%, liver, kidney |PPRTV 1 x 10? liver, kidney |PPRTV

streams or solvent
within the range
and containing:1%
aromatics

snd hematologic
effects, Anonymous,
1990, 1991a,b
(*Screening value)

(U.S. EPA, 2009h)

and hematologic
effects, Anonymous,
1990, 1991a,b
(*Screening value)

(U.S. EPA, 2009h)

High carbon range C19-C32, EC > 16—-EC35:

White mineral oils
generally within th¢
range

3 x 10, lower end of
fhuman therapeutic
dose range for laxatiy
effects, NASPGHN,
2006

PPRTV
(U.S. EPA, 2009i)

e

3 x 10, lower end of
human therapeutic
dose range for laxatiy
effects, NASPGHN,
2006

PPRTV
(U.S. EPA, 2009i)
e

Aromatics
Fraction:
Surrogate or
Components SRfD (mg/kg-day) Source RfD (mg/kg-day) Source
Low carbon range C6-C8, EC6-EC < 9:
Benzene 1 x 18 decreased |PPRTV 4 x 10°% decreased |IRIS
lymphocyte count, |(U.S. EPA, 2009a) |lymphocyte count, [(U.S. EPA, 2009j)
Rothman et al., 1996 Rothman et al., 1996
extrapolated from extrapolated from
inhalation, U.S. EPA, inhalation
2009j
Toluene 8 x 10, increased  |PPRTV 8 x 10% increased  |IRIS
kidney weight, NTP, |(U.S. EPA, 2009d) |kidney weight, NTP, [(U.S. EPA, 2009j)
1990 1990
Ethylbenzen® 5 x 10%, centrilobular |PPRTV 1 x 10", liver and IRIS
hepatic hypertrophy, |(U.S. EPA, 2009b) |kidney lesions, Wolf §(U.S. EPA, 2009j)
Mellert et al., 2007 al., 1956
Xylenes 4 x 18, reduced bodyPPRTV 2 x 10%, decreased |IRIS

weight, Wolfe et al.,
1988a

(U.S. EPA, 2009¢)

body weight, increase

mortality, NTP, 1986

(U.S. EPA, 2009j)

40




FINAL
9-30-2009

Table 7. Recommended Oral Noncancer Toxicity Valugefor Aliphatic and Aromatic
Hydrocarbon Fractions®

Aromatics (cont’d)

Fraction:
Surrogate or
Components sSRfD (mg/kg-day) Source RfD (mg/kg-day) Source
Medium carbon range C9-C16, EC9-EC < 22:
High flash aromati¢3 x 10%, anemia, PPRTV 3 x 10%, anemia, PPRTV

naphtha (except
naphthalene and
2-naphthalene)

Bio/Dynamics, 1990h
(*Screening Value)

(US. EPA, 2009g)

Bio/Dynamics, 1990h
(*Screening Value)

(US. EPA, 2009g)

Naphthalene

Not available

2 x4 @ecreased
body weight, BCL,
1980

IRIS
(U.S. EPA, 2009j)

2-Methylnaphthaleng

4 x 10°, alveolar
proteinosis, Murata e
al., 1997

PPRTV
[(U.S. EPA, 2007c)

4 x 10°, alveolar
proteinosis, Murata e
al., 1997

IRIS
((U.S. EPA, 2009))

High carbon range C17-C32, EC22-EC35:

Fluoranthene

4 x 19 kidney, liver
and hematologic
effects, U.S. EPA,

HEAST
(U.S. EPA, 1997)

1988

4 x 10 kidney, liver,
hematologic and
clinical effects, U.S.

IRIS
(U.S. EPA, 2009j)

EPA, 1988

dComplete citations for the principal studies carfdamd in the source documents (e.g., IRIS [U.SAE®09j)).
®The lower sRfD relative to the RfD for ethylbenzea#lects the more recent derivation of the sRfBwreritical

study, BMD modeling

).

*Screening values are developed in the Appendx BPRTV. For example, in cases where a high dedree
uncertainty exists. Screening Values are interidedse in limited circumstances when no Tier 19123 values are

available.

C = carbon number, EC = equivalent carbon numheXnHEAST = Health Effects Assessment summaryd,abl
IRIS = Integrated Risk Information System, PPRT®ravisional Peer-Reviewed Toxicity Value, RfD =lora

reference dose, sRfD

= subchronic RfD
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Table 8. Recommended Inhalation Noncancer Toxicity
Values for Aliphatic and Aromatic Hydrocarbon Fractions®
Aliphatics
Fraction:
Surrogate or
Components SRfC mg/n?) Source RfC (mg/m) Source
Low carbon range C5-C8, EC5-ECS:
n-hexane, if presen? x 10, Decreased |PPRTV 7 x 10%, peripheral  |IRIS

at >53% of fractior

motor nerve
conduction velocity,
Huang et al., 1989

(U.S. EPA, 2009c)

neuropathy, Huang e
al., 1989

[(U.S. EPA, 2009))

Commercial
hexane, iih-hexane
present a&53% of
fraction

27 x 10, clinical and
histopathological sign
of neuropathy, IRDC,
1992a,b

PPRTV
(U.S. EPA, 2009f)

6 x 10%, nasal
epithelial cell
hyperplasia,
Biodynamics, 1993a;
Daughtrey et al.,1999

PPRTV
(U.S. EPA, 2009f)

Medium carbon range C9-C18, EC > 8-EC16:

Hydrocarbon
streams or solvent
within the range
and containing1%
aromatics

1 x 10, nasal goblet
ell hypertrophy, NTH
2004

PPRTV
(U.S. EPA, 2009h)

1 x 10, nasal goblet
cell hypertrophy and
adrenal hyperplasia,
NTP, 2004

PPRTV
(U.S. EPA, 2009h)

High carbon range C19-C32, EC > 16—-EC35:

White mineral oils
generally within thg
range

NA, not volatile

n}

PPRTV
(U.S. EPA, 2009i)

NA, not volatile

PPRTV
(U.S. EPA, 2009i)

Aromatics
Fraction:
Surrogate or
Components SRfC( mg/nt) Source RfC (mg/n) Source
Low carbon range: C6-C8, EC6-EC < 9:
Benzene 8 x 16 decreased |PPRTV 3 x 10% decreased [IRIS
lymphocyte count, |(U.S. EPA, 2009a) |lymphocyte count, [(U.S. EPA, 2009j)
Rothman et al., 1996 Rothman et al., 1996
Toluene 5 x 16) neurological |PPRTV 5 x 10, neurological |IRIS
effects, multiple (U.S. EPA, 2009d) |effects, multiple (U.S. EPA, 2009))
studies, U.S. EPA, studies
2009j
Ethylbenzene 9 x Ppototoxic PPRTV 1 x 10, developmentdIRIS
effects, Gagnaire et §(U.S. EPA, 2009b) |effects, Andrew et al.{(U.S. EPA, 2009j)
2007 1981; Hardin et al.,
1981
Xylenes 4 x 18, neurological |PPRTV 1 x 10%, impaired  |IRIS

effects, Korsak et al.,

1994

(U.S. EPA, 2009¢)

motor coordination,

(U.S. EPA, 2009j)

Korsak et al., 1994
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Table 8. Recommended Inhalation Noncancer Toxicity
Values for Aliphatic and Aromatic Hydrocarbon Fractions®
Aromatics (cont’d)
Fraction:
Surrogate or
Components SRfC( mg/n?) Source RfC (mg/m) Source
Medium carbon range C9-C16, EC9-EC < 22:
High flash aromati¢l x 10, maternal bodPPRTV 1 x 10%, maternal  |PPRTV

naphtha (except

weight depression,

(U.S. EPA, 2009g)

body weight

(U.S. EPA, 2009g)

naphthalene) McKee et al.,1990 depression, McKee et
al.,1990
Naphthalene Not available - 3 x I Masal lesions||RIS

NTP 1992

(U.S. EPA, 2009j)

High carbon range C17-C32, EC22-EC35:

NA, not volatile

‘ NA, not volatile

dComplete citations for the principal studies carfdaand in the source documents (e.g., IRIS [U.SAE®09)]).

C = carbon number, EC = equivalent carbon numhixnIRIS = Integrated Risk Information System, NAlot
applicable, PPRTV = Provisional Peer-Reviewed Tibxi¢alue, RfC = inhalation reference concentration
SRfC = subchronic RfC
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Table 9. Recommended Cancer Assessments for
Aliphatic and Aromatic Hydrocarbon Fractions?®
Aliphatics
Fraction:
Surrogate or
Components Cancer WOE, RPF |OSF (per mg/kg-day) IUR (per pg/m®) Source
Low carbon range C5-C8, EC5-ECS:
Commercial Suggestive evidence| Inadequate data 1.9% 10 PPRTV
hexane, iin-hexane pituitary adenoma or |(U.S. EPA, 2009f)
present at£53% of carcinoma,

the fraction

Biodynamics, 1993b;

Daughtrey et al., 1999
(*Screening value)
Medium carbon range C9-C18, EC > 8-EC16:
Petroleum streamsSuggestive evidence |NA 4.5 x 10°, benign or |PPRTV

or solvents within
the range and
containing <1%
aromatics

malignant adrenal
pheochromocytoma,
NTP, 2004
(*Screening Value)

(U.S. EPA, 2009h)

High carbon range C19-C32, EC > 16-EC35

White mineral oils
generally within th¢
range

Inadequate
information to assess|

Inadequate data

NA, not volatile

PPRTV
(U.S. EPA, 2009i)

Aromatics

Fraction:
Surrogate or
Components

Cancer WOE, RPF

OSF (per mg/kg-da

y 1UR (per pg/m°)

Source

Low carbon range C6-C8, EC6-EC < 9:

Benzene Group A (human  |1.5 x 10°t0 5.5 x 1¢,|2.2 x 10°to 7.8 x 1C,|IRIS
carcinogen); leukemia, several leukemia, several (U.S. EPA, 2009j)
known/likely human |studies, extrapolated |studies
carcinogen from inhalation

Toluene Inadequate data NA NA IRIS

(U.S. EPA, 2009))

Ethylbenzene Group D (not NA NA IRIS
classifiable) (U.S. EPA, 2009))

Xylenes Inadequate data NA NA IRIS

(U.S. EPA, 2009j)
Medium carbon range C9-C16, EC9-EC < 22:

High flash aromati
naphtha (except
naphthalene)

dnadequate
information to assess|

Inadequate data

Inadequate data

PPRTV (US. EP/
2009g)

Naphthalene

Group C (possible
human carcinogen)

Inadequate data

Inadequate data

IRIS (U.S. EPA,
2009j)
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Table 9. Recommended Cancer Assessments for
Aliphatic and Aromatic Hydrocarbon Fractions?®
Aromatics (cont’d)
Fraction:
Surrogate or
Components Cancer WOE, RPF| OSF (per mg/kg-day| IUR (per pg/ms) Source
High carbon range C17-C32, EC22-EC35:

Benzo(a)pyrene Group B2 (probablg.3 x 10, forestomachNA, not volatile IRIS (U.S. EPA,
human carcinogen), |(larynx, esophagus) 2009)); U.S. EPA,
RPF=1 4 data sets 1993

Benz(a)anthracene| Group B2 (probablmadequate data, use|NA, not volatile IRIS (U.S. EPA,
human carcinogen), |RPF 2009)); U.S. EPA,
RPF=0.1 1993

Chrysene Group B2 (probabl@inadequate data, use|NA, not volatile IRIS (U.S. EPA,
human carcinogen), |RPF 2009)); U.S. EPA,
RPF=0.001 1993

Benzo(b)fluoranthene Group B2 (probable |Inadequate data, use|NA, not volatile IRIS (U.S. EPA,
human carcinogen), |RPF 2009)); U.S. EPA,
RPF=0.1 1993

Benzo(k)fluoranthene|Group B2 (probable |Inadequate data, use|NA, not volatile IRIS (U.S. EPA,
human carcinogen),|RPF 2009j); U.S. EPA,
RPF=0.01 1993

Dibenz(a,h)anthracen&roup B2 (probable [Inadequate data, use|NA, not volatile IRIS (U.S. EPA,
human carcinogen),|RPF 2009j); U.S. EPA,
RPF=1 1993

Indenol(1,2,3-c,d) |Group B2 (probable |Inadequate data, use|NA, not volatile IRIS (U.S. EPA,

2009j); U.S. EPA,
1993

dComplete citations for the principal studies carfdamd in the source documents (e.g., IRIS [U.SAE®09j)).

*Screening values are developed in the Appendx BPRTV. For example, in cases where a high dedree
uncertainty exists. Screening Values are intendedse in limited circumstances when no Tier IgrZ3 values are

available.

C = carbon number, EC = equivalent carbon numhxnIRIS = Integrated Risk Information System, IER
inhalation unit risk, NA = Not applicable, OSF =abslope factor, PPRTV = Provisional Peer-RevieWericity
Value, RPF = Relative potency factor (U.S. EPA,399OE = weight of evidence
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APPENDIX A. EXISTING APPROACHES FOR EVALUATING COM PLEX
MIXTURES OF ALIPHATIC AND AROMATIC HYDROCARBONS

Massachusetts Department of Environmental Protectio (MADEP) Approach

The MADEP recommended the use of a combinatioicator compound and fraction
approach for the assessment of health effects fremoleum hydrocarbons in soil and water,
with a focus on oral exposure (Hutcheson et aB61MADEP, 1994). Subsequently,
MADEP (1996, 1997, 2001) published public commemt final drafts regarding
implementation of their approach. These draftstaedinal version of the implementation
document (MADEP, 2002) contained some modificatimniske into account the strengths of
the TPHCWG approach (discussed in the next seofitims document)—particularly the
TPHCWG-determined transport properties of hydrosarbactions, which are related to the
equivalent (or relative) carbon number indicestf@ compounds (TPHCWG, 1997a). In
addition, these documents incorporated inhalatssessment and inhalation reference
concentrations (RfCs). In 2003, MADEP updatedM#DEP (1994) report, providing new and
revised petroleum hydrocarbon fraction toxicityued, and a review of the literature to support
the derivations of these values (MADEP, 2003). W#DEP approach is as follows:

Carcinogenic Effects

» Specific hydrocarbon indicator compounds that Hav®& EPA cancer potency factors
are assessed; these are benzene and benzo(a)pyrene.

* MADEP is reviewing the U.S. EPA (1993) relative gty factors (RPFs) for PAHs, and
in the meantime recommends the use of those vahgk¢he slope factor for
benzo(a)pyrene for cancer assessment of the hifgorcaange aromatics (MADEP,
2008).

Noncarcinogenic Effects

» Hydrocarbon fractions are established based onaulalestructure (aromatic versus
aliphatic), and then on number of carbon atoms (€ijg toxicologically similar
groupings and excluding compounds with less thamdarbons because their high
volatility precludes chronic exposure from spikdéases. Analytical methods for these
fractions are suggested.

* With the exception of the aromatic C5-C8 fractithrg toxicity of each fraction initially
was represented by the RfD for a representatiiereace compound” from the fraction,
usually chosen because of the availability of aD Bif IRIS or adequate data to support
derivation of an RfD. The toxicities of other cooymds in the subclass were assumed to
equal that of the reference compound. Some oétfrastions include subfractions that
were combined because of similarity of toxicity@ss fractions or limitations in the
toxicity data. The approach is now broadened ¢tuge the selection of similar mixtures
to represent the toxicity of a fraction and thdusmon of inhalation toxicity values.

The MADEP (1994, 2001, 2003; Hutcheson et al. 6)@@proach assumes additivity of
the hydrocarbon fractions and the indicator compgun assessing the potential for adverse
effects of petroleum hydrocarbons on human hedtbkg-addition using the hazard index [HI]
approach for noncarcinogenic effects and RPF apprfma carcinogenic PAHSs; response
addition for carcinogenic effects across fractions)
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Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG) Approach

The TPHCWG (1997a, b; Weisman, 1998) also recondeeta combination indicator
compound and fraction approach for TPH, which détefrom the MADEP approach: (1) in its
application only to soil contamination (to develigk-based screening levels [RBSLs]); (2) in
the elimination of assessment for noncarcinogeffiects if carcinogens are present above
regulatory criteria; (3) in the basis for selectarthe fractions; and (4) initially, in a more
extensive use of toxicity data for mixtures to e=@nt the toxicity of the fraction. Subsequently,
the TPHCWG (1999) appeared to broaden its focusctade RBSLs for groundwater as well as
for soil. Some of the TPHCWG hydrocarbon fractiordude subfractions that were combined
for toxicological assessment because of similaritioxicity across fractions or limitations in the
toxicity data. The TPHCWG approach is as follows:

Carcinogenic Effects
» Specific carcinogenic indicator compounds (i.enZsme, benzo[a]pyrene) are assessed.
* The use of (relative) potency factors and the b&)pgrene slope factor is mentioned for
benzo(a)anthracene, indeno(1,2,3-cd)pyrene, dijaripanthracene, chrysene,
benzo(b)fluoranthene and benzo(k)fluoranthenethmyt are not further described or
referenced.

Noncarcinogenic Effects
These effects are assessed only if the carcinogaaicator compounds are not detected
or are below regulatory criteria.

» Hydrocarbon fractions are established based onaulalestructure (aromatic versus
aliphatic) and then on the basis of equivalent@arfieC) number index. This index is
equivalent to the retention time of the compounds doiling point gas chromatography
(GC) column (nonpolar capillary column), normalizedhen-alkanes. For example,
benzene, a C6 aromatic compound, has an EC ofe@&ube its boiling point and GC
retention time are approximately halfway betweaséofn-hexane (C6, EC6) and
n-heptane (C7, EC7). Physical and chemical proedfiénydrocarbons that are useful in
predicting fate and transport (vapor pressure fslitly, partition coefficient, Henry’s
Law constants) are predictably related to the E€Ccam be estimated using algorithms.
The mass of the carcinogenic indicator compoundsli¢racted from the mass of the
fraction.

* Following subtraction of the mass of the carcinagérydrocarbons, the noncancer
effects of the remaining mass of each fractionaasessed by comparison with a
surrogate compound or mixture.

The TPHCWG (1997a, b; 1999) approach assumes\atyddf the hydrocarbon
fractions and the indicator compounds in assedbmgotential for adverse effects of petroleum
hydrocarbons on human health, as in deriving risgell screening levels for soil (dose-addition
using HI approach for noncarcinogenic effects aRér&for carcinogenic PAHS).

One caveat to this fate and transport fractiorr@gugh is that simplified models, such as
the ones used by the TPHCWG (1997a) to perfornfréodion groupings, neglect cosolvency
effects and saturation of active sorption sitesaits (for nonionic hydrophobic chemicals, the
organic carbon content of soil is the primary godperty controlling sorption). The actual
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transport properties at a waste site may be sggmtly influenced by the quantity of material
spilled or leaked into the soil (e.g., 500 gallofigasoline will behave differently than 500 mL).
For example, although PAHs may have a strong predii@dsorption to soil, when present in a
large spill, they may initially have no or very I@a@rption due to cosolvent and saturation
effects. As the spill migrates and becomes dilutesvever, the influence of cosolvent and
saturation effects will diminish. Another obsergatwith regard to the approach to selection of
fractions is that it appears to focus on petroldwyairocarbons identified in petroleum fuels
(JP-4, JP-5, JP-8, kerosene, diesel, and fuelpid#d crude oil. Although lubricating oils such
as motor oil and mineral-based hydraulic fluidsiacduded in the volumes on analytical
methods and composition of petroleum mixtures (TRHE; 1998a, b), they are not included in
the volume on selection of fractions (TPHCWG, 1997Ehe lubricating oils contain high
molecular weight branched alkanes and cyclic alkawvith >1 ring that are not well represented
in the petroleum products of focus. Neverthel#sstoxicity assessments did consider these
constituents in deriving toxicity values for thadtions that include them. The term “fate and
transport fraction” is something of a misnomerfasftactions are based on properties that will
affect transport, and do not take into account pateesses. The TPHCWG (1999) accordingly
changed its nomenclature to “transport fractiond #mat term is used in this PPRTV document.

American Society for Testing and Materials (ASTM) Aproach

ASTM (1995) developed a Standard Guide for RiskeBaCorrective Action Applied at
Petroleum Release Sites (RBCA, pronounced “RebgcéBCA, reapproved in 2002
(ASTM, 2002) is a tiered decision-making framewftwkthe integration of site assessment,
remedial action selection and monitoring with LERA-recommended risk and exposure
assessment. It includes any chemical that mag$ecated with petroleum product releases,
including nonhydrocarbon constituents and additigesh as lead, methyl tert-butyl ether, and
ethylene dibromide. The RBCA approach focuseswdicator compounds, assuming that a
significant portion of the total potential impact buman health from all chemicals in a
petroleum product spill is due to the indicator paunds, termed chemicals of concern. The
risk or hazard of exposure to each chemical of eonis assessed separately during the
derivation of Tier 1 (general) RBSLs, and Tier 2 diter 3 site-specific target levels (SSTLs)
for contaminated media. The RBSLs and SSTLs asedan carcinogenicity for chemicals that
have been classified as carcinogens and on RfB$@s for chemicals that have not been
classified as carcinogens. Each pathway of expaslwassessed separately. Thus, the RBSLs
for toluene are based on hazard quotients of g#doh potential pathway and the RBSLs for
benzene are based on cancer risks of 1%ah@l 1 x 10 for each potential pathway. The
rationale presented for this approach is thatigiebrased screening levels “are typically for a
limited number of chemical(s) of concern consideatthost sites.” RBCA mentions—but does
not recommend or explain—the use of additivity aaghes for mixtures of chemicals for Tier 2
and Tier 3 assessments.

Selection of the chemicals of concern for varipagoleum products in the
ASTM (1995, 2002) RBCA approach is based on comagahs in the product, solubility and
mobility, toxicological properties, aesthetic chasaistics (e.g., odor), and availability of
sufficient information to conduct risk assessmeiiisr gasoline, kerosene, and jet fuels,
commonly selected hydrocarbon chemicals of conaegrbenzene, toluene, ethylbenzene, and
xylene (BTEX). Additional chemicals of concern f@arosene and jet fuels are PAHs. For
diesel fuel, light fuel oils, and heavy fuel oilse commonly selected hydrocarbon chemicals of
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concern are PAHs. ASTM (1995, 2002) developed g@tarier 1 RBSLs for benzene,
ethylbenzene, toluene, mixed xylenes, naphthakem:penzo(a)pyrene for various media and
exposure pathways, using U.S. EPA cancer and noac#éoxicity values and U.S. EPA
exposure assessment methods.

The TPHCWG (1999) discussed how the TPHCWG frastimnd toxicity criteria may be
used with any risk-based decision framework, incigdhe ASTM (1995) RBCA, and provided
example calculations of RBSLs. MADEP (2001, 20@@yler the Massachusetts Contingency
Plan, uses a tiered risk assessment approach isimtlae ASTM (1995, 2002) RBCA.

Agency for Toxic Substances and Disease RegistryTADR) Approach

ATSDR (1999a) developed a toxicological profileTdPH that recommended an
indicator compound/fraction approach, based orvafuation and synthesis of the MADEP and
TPHCWG approaches, and a consideration of the AGppoach. ATSDR (1999a) used
ATSDR MRLs and U.S. EPA cancer assessments to &eaile toxicity and carcinogenicity of
the compounds and fractions. The recommendatidgthsrggard to selection of the fractions are
similar to those in this report. ATSDR (1999a)atthat an assumption of additivity underlies
use of a surrogate toxicity value from a repredergaompound to assess the health effects of
the entire mass of the fraction. ATSDR discuskeduse of an HI method (called index of
concern by ATSDR) for the constituents (BTEX) o fow-carbon-range aromatics.
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