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EXECUTIVE SUMMARY

This document addresses the potential mammalian and environmental hazards of distillate and residual
aromatic extracts. These substances are complex, highly viscous liquids that contain predominately
aromatic hydrocarbons covering the carbon number range of C15 to C50. Aromatic extracts are produced
as byproducts from the extraction of condensed ring polycyclic aromatic constituents during the
production of lubricating oil basestocks and waxes. The aromatic extracts are used as blending
components of heavy fuels, as feed stock for production of carbon black, petroleum pitches and resins,
and in the manufacture of rubber and plastics. Aromatic extracts are referred to as either “distillate”
aromatic extracts (DAE), or “residual” aromatic extracts (RAE), depending on whether they were
produced from the extraction of distillate lubricating oil basestocks or residual lubricating oil basestocks.

Physical-Chemical Properties

Aromatic extracts are highly viscous liquids having component hydrocarbons that can have pour points
from -6 to >20°C. Boiling ranges for samples of aromatic extracts were 288 to 584°C for DAES and 344
to >734°C for RAEs. Vapor pressures for aromatic extracts are very low. Partition coefficients for
constituent hydrocarbons may range from 5 to >20. Solubility in water is expected to be negligible.

Environmental Fate

The environmental fate of aromatic extracts is determined by the individual hydrocarbons present within
the mixture. Because of their physical and chemical properties, these substances will tend to agglomerate
rather than disperse if released to the environment. Although they have very low vapor pressures,
individual hydrocarbon compounds at the lower molecular weight range (e.g., C15 compounds) may
evaporate during weathering. Individual aromatic components that evaporate would be expected to
undergo rapid indirect photodegradation. Aromatic extracts are not expected to partition to water, because
their water solubility is very low. Modeled log Kow values of the low molecular weight hydrocarbons
(e.g., C15 compounds) typically exceed 5, with the higher molecular weight hydrocarbons having
partition coefficients >20. Environmental distribution modeling predicts that components would
generally partition to soil. Once released to the environment, aromatic extracts are not likely to undergo
rapid biodegradation. However, hydrocarbons in general are known to be inherently biodegradable over
time.

Ecotoxicity

Some aromatic extracts may cause toxicity in freshwater invertebrates and algae. The lowest invertebrate
EL50 was 35.9 mg/L and the lowest algal E,L50 was 18.8 mg/L. Other tests of invertebrates found no
effects at 1000 mg/L, and no effects on algae were observed when tested in 50% dilutions of 2000 mg/L
WAFs. None of the acute studies in fish reported any adverse effects when aromatic extracts were tested
using WAFs at 1000 mg/L. In reproduction tests with Daphnia magna, no effects on reproduction or
survival of adult animals were observed when exposed for 21 days to 1000 mg/L WAF of DAE and RAE.
Offspring produced during the tests also appeared healthy with no adverse effects noted.

Human Health Effects

DAEs have a low order of acute oral and dermal toxicity. DAE caused mutations in vitro in the optimized
Ames test and the mouse lymphoma assay. Limited evidence of chromosomal aberrations in bone marrow
was seen in rats exposed repeatedly to DAEs by oral or dermal routes; most DAEs are unlikely to produce
chromosomal effects under in vivo conditions. In 13-week repeated dose toxicity studies, oral or dermal
dosing of light or heavy paraffinic DAEs produced effects in the liver, thymus and blood. Little evidence
of an effect on weights or histology of reproductive organs or on semen quality was observed in these
studies. The same DAEs caused toxicity to the developing fetus when applied to the skin of pregnant rats
during days 0-19 of gestation. However, treatment-related fetal effects occurred only in the presence of
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effects in the mothers. Oral administration of heavy paraffinic DAE at 2000 mg/kg on a single day during
the critical period of gestation resulted in increased fetal malformations and maternal toxicity in rats.

Although no acute toxicity studies were reported for RAES, the acute toxicity of RAEs is expected to be
less than DAES due to the higher molecular weights and higher viscosities of the components in RAEs,
which would be expected to limit bioavailability. Some samples of RAEs caused mutations in vitro in the
optimized Ames test. Evaluation of chromosomes from bone marrow of rats dermally exposed repeatedly
to RAEs did not show any evidence of chromosomal mutation. Four 13-week repeated dose dermal
toxicity studies with RAEs also produced effects in the liver, thymus and blood but at higher doses than
with the DAE discussed above. Microscopic examination of male and female reproductive organs in these
four studies did not identify any effects which appeared to have been due to treatment. In a developmental
toxicity study in rats by dermal application, RAE did not produce any adverse effects to dams or fetuses.
NOAELSs for reproductive toxicity of both DAEs and RAEs would not be expected to be below NOAELs
for developmental effects.

Data from laboratory studies on a number of petroleum substances and modeled data based on statistical
analyses show an association of the total amount and profile of polycyclic aromatic compounds to certain
repeated-dose and developmental toxicity endpoints. Effects on these endpoints were shown to vary
among samples in association with different polycyclic aromatic compound (PAC) content of those
samples resulting from the crude source and refining conditions. Models were developed to predict
guantitative estimates of effects on sensitive endpoints for untested samples based on the PAC content of
those samples. Those predicted values were then used to aid in fulfilling the data requirements under
HPV.

Untreated aromatic extracts can produce skin cancer in the mouse following dermal application.
Numerous studies have shown that the mutation and cancer-causing potential of DAEs and
compositionally related petroleum substances is directly related to the presence of PACs. As DAEs
contain relatively high concentrations of PACs, they are commonly active in optimized Salmonella assays
and, unless further refined to remove PACs, often produce squamous cell tumors when tested in chronic
dermal application assays in mice. Additional processing can reduce potential mutagenicity. Similarly,
some RAEs can contain relatively high concentrations of PACs, are active in optimized Ames tests, and
would be expected to produce skin tumors in a chronic dermal assay; but others are neither mutagenic nor
carcinogenic.

1. DESCRIPTION OF AROMATIC EXTRACTS

1.1. Definitions and Manufacture

As used in this document, “aromatic extracts” refers to solvent extracts of distillates or the residuum from
a vacuum tower that have not been subjected to further processing such as hydrogenation, desulfurization,
clay or acid treatment, additional distillation or solvent extraction.

Aromatic extracts are produced during the refining of lubricating oil basestocks and waxes. The residue
(residuum) of atmospheric distillation of crude oil is distilled under vacuum to produce distillate and
residual lubricating oil basestocks. The untreated lubricating oil basestocks contain undesirable
components that negatively impact lubricant performances, i.e., color, odor, stability and/or viscosity, and
therefore must be removed. These undesirable components include aromatic compounds containing
sulfur, nitrogen, and oxygen as heteroatoms and polycyclic aromatic compounds (PACs). One way in
which these undesirable components can be removed is to incorporate an extraction step, typically with



Aromatic Extracts Consortium Registration No. 1100997
May 18, 2012

furfural, phenol or n-methyl pyrollidone to remove aromatic compounds from the lubricating oil
feedstock, resulting in the production of aromatic extracts and lubricating oil basestocks.

The aromatic extracts can be grouped into two subcategories, distillate aromatic extracts (DAEs) and
residual aromatic extracts (RAES), according to the class of lubricating oil feedstock from which they are
derived. Figure 1 is a refining diagram showing production of both lubricating oil basestocks and
aromatic extracts. Both types of aromatic extracts are highly viscous to mobile liquids, which may be dark
amber to black in color.

In the production of DAE, untreated distillates (lubricating oil feedstock) are extracted with a solvent such
as furfural, phenol, N-methyl-2-pyrrolidone (NMP), or dimethyl sulfoxide (DMSO) to selectively remove
the undesirable aromatic compounds, (especially 1-7 fused ring PACs). Other solvents can also be used.
The solvent is then removed from the resulting extract, and the remaining aromatic concentrate (aromatic
extract) is either sold as is or, if needed, further treated to lower the PAC content for specialty
applications (treated DAE). Treated heavy paraffinic DAE has a separate CAS number (68783-04-0) that
is not included in this HPV category. The viscosity of DAEs increases with increasing boiling range
(Briggs and Mackerer, 1996; Roy et al., 1996).

In the production of RAE, the residuum from vacuum distillation is extracted with liquid propane to
remove particulates, resins, and asphaltenes. In this process, the resins, asphaltenes, and particulates
precipitate out and the propane/oil stream is then stripped of the propane. The very viscous stream that
results is referred to as deasphalted oil (DAO). The DAO undergoes the same extraction process used for
the vacuum distillate streams. Additional extraction steps can be used to reduce the level of PACs. As
with DAE, RAE viscosity increases with increasing boiling range (Briggs and Mackerer, 1996; Roy et al.,
1996).
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Fig. 1. Simplified processing plan for a petroleum refinery
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1.2. Assignment of CAS Numbers

The names and definitions of refinery streams, including aromatic extracts, used by the Chemical Abstract
Service (CAS) were developed in response to Section 8(b) of the Toxic Substances Control Act. This
section of TSCA required identification and registration with the Environmental Protection Agency
before July 1979 of each “chemical substance” being manufactured, processed, imported or distributed in
commerce. Due to analytical limitations and known variability in refinery stream composition,
identification of every specific individual molecular compound in every refinery process stream under all
processing conditions was impossible. Recognizing these problems, the American Petroleum Institute
(API) recommended to the EPA a list of generic names for refinery streams consistent with industry
operations and covering all known processes used by refiners. The list, including generic names, CAS
numbers and definition of each stream, was published by the EPA as “Addendum I, Generic Terms
Covering Petroleum Refinery Process Streams.”

Because of the variability inherent in the processing of petroleum materials, the definitions API
developed for the CAS numbers are qualitative in nature, written in broad, general terms. The definitions
often contain ranges of values, with little if any quantitative analytical information or concern for possible
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compositional overlaps. Many of the definitions also include information on the material’s process
history. In fact, process history and not chemical composition was one of the primary criteria used by
API to differentiate streams and assign CAS numbers.

The names and registry numbers from CAS for the five specific refinery substances in the aromatic
extract category are listed in Table 1, including synonyms and the TSCA definitions of the substances
(including hydrocarbon chain lengths)

With regard to the four DAEs, the basic differences among the CAS descriptions are carbon number
(C15-C30 or C20-C50) and hydrocarbon type (paraffinic vs. naphthenic). These distinctions are a result
of historical refinery naming practices and predominant nature of the crude oil or lubricating basestock
run through the process unit. Furthermore, there are not large differences in straight and branched chain
saturated hydrocarbons (paraffinic hydrocarbons) or polar compounds among the four DAESs. Since it has
been observed that the constituents in these substances that cause mutagenic, carcinogenic,
developmental, and subchronic effects are DMSO-extractable PACs found in the aromatic fraction
(Simpson et al, 2008; Roy et al, 1988; Cruzan et al., 1986; Blackburn et al., 1986), these distinction in
nomenclature do not indicate distinctions in toxicological properties. No such nomenclature differences
exist for RAE.

1.3. Uses

Aromatic extracts have been used in applications where their solvency is valued, such as in the
manufacture of rubber and plastic, where aromatic extracts are used as extenders, softeners and diluents
that remain in the final product, contributing to both ease of processing and improved product
performance. Some quantities of aromatic extracts have been used employed in tire manufacture and in
specialty applications, such as asphalt blends, printing inks, wood preservatives, and seal coatings.
Aromatic extracts are also used as components of heavy fuel blends (e.g., industrial fuel oil, bunker fuel)
and as precursors of other hydrocarbon products (e.g., carbon black, petroleum resins, and petroleum
pitch). Within a refinery, aromatic extracts can also be converted to other refinery products by processes
such as cracking and coking to produce lighter hydrocarbon fuels or coke.

1.4.  Typical Physical and Chemical Properties

Historical international values on various physical and chemical properties for aromatic extracts are in
Table 2 to provide general background. These values were taken from three sources, namely CONCAWE
(1992 and 2010) and tests performed on samples provided to API by US manufacturers as part of the
HPV project. As such, these values represent samples taken at different times in Europe (CONCAWE
1992 and 2010) and in the US. Also slightly different analytical methods were employed in reporting
some parameters (such as boiling range). Taken together, these data show the results that can be expected
for major physical and chemical properties of AEs within the category.

Table 1. CAS numbers and descriptions within the HPV aromatic extracts category

CAS No. and Name TSCA Definition and Synonyms with Carbon Numbers
Underlined

Distillate Aromatic Extracts

64742-05-8 TSCA Definition: A complex combination of hydrocarbons
obtained as the extract from a solvent extraction process. It
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Extracts (petroleum), light
paraffinic distillate solvent

consists predominantly of aromatic hydrocarbons having carbon
numbers predominantly in the range of C15 through C30. This
stream is likely to contain 5 wt. % or more of 4- to 6-membered
condensed ring aromatic hydrocarbons.

Synonyms: light paraffinic distillate aromatic extracts, distillate
aromatic extract, aromatic process oil, process oil, aromatic
extract, rubber extender oil

64742-03-6

Extracts (petroleum), light
naphthenic distillate solvent

TSCA Definition: A complex combination of hydrocarbons
obtained as the extract from a solvent extraction process. It
consists predominantly of aromatic hydrocarbons having carbon
numbers predominantly in the range of C15 through C30. This
stream is likely to contain 5 wt. % or more of 4- to 6-membered
condensed ring aromatic hydrocarbons.

Synonyms: light naphthenic distillate aromatic extract, distillate
aromatic extract, aromatic process oil, process oil, aromatic
extract, rubber extender oil

64742-04-7

Extracts (petroleum), heavy
paraffinic distillate solvent

TSCA Definition: A complex combination of hydrocarbons
obtained as the extract from a solvent extraction process. It
consists predominantly of aromatic hydrocarbons having carbon
numbers predominantly in the range of C20 through C50. This
stream is likely to contain 5 wt. % or more of 4- to 6-membered
condensed ring aromatic hydrocarbons

Synonyms: heavy paraffinic distillate aromatic extracts, distillate
aromatic extract, aromatic process oil, process oil, aromatic
extract, rubber extender oil

64742-11-6

Extracts (petroleum), heavy
naphthenic distillate solvent

TSCA Definition: A complex combination of hydrocarbons
obtained as the extract from a solvent extraction process. It
consists predominantly of aromatic hydrocarbons having carbon
numbers predominantly in the range of C20 through C50. This
stream is likely to contain 5 wt. % or more of 4- to 6-membered
condensed ring aromatic hydrocarbons.

Synonyms: heavy naphthenic distillate aromatic extract, distillate
aromatic extract, aromatic process oil, process oil, aromatic
extract, rubber extender oil

Residual Aromatic Extracts

64742-10-5

Extracts (petroleum), residual oil
solvent

TSCA Definition: A complex combination of hydrocarbons
obtained as the extract from a solvent extraction process. It
consists predominantly of aromatic hydrocarbons having carbon
numbers predominantly higher than C25.

Synonyms: residual aromatic extract, bright stock extract,
aromatic process oil, process oil, aromatic extract, solvent extract

10
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Table 2. Values of physical and chemical properties for samples of distillate
and residual aromatic extracts
Property DAE RAE
Boiling range (°C, initial - final) 250 - 680* >380?
Boiling range (°C, initial - final) 288 - 584° 344 - >734°
Boiling range (°F, initial — final) 551 - 1083° 652 - >1354°
Pour Point (°C) -6* - 50" > +20°
Vapor pressure, 20°C (kPa) <0.1! <0.01*
Water solubility, 20°C (mg/L) 1.4-58" Sparingly*
Flash point closed cup (°C) 240 - 289* 298°
Autoignition temperature (°C) >280 - 410* >380*
Density at 15°C (kg/dm) 0.93-1.05" 0.96 — 1.02?
1 2
Viscosity, kinematic 100°C ° 3.8-124 92-100
2
Average Molecular Mass 300 - 580* >400*
Carbon number range C15 - Cc50* >C25*
4 4
Aromatic Content 65 -85 60 - 80
(%m) 66 - 86° 48 - 77°
4 4
DMSO extract (IP346)° 10-30 NA
(%6m) 6-19° NA?

1) Values were derived from CONCAWE (2010a) for one DAE (CAS 64742-04-7).

2) Values were derived from CONCAWE (2010a) for RAE (CAS 64742-10-5).

3) Values are for some of the samples in Table 3 that were submitted to APl by manufacturers for the
HPV project (2 light paraffinic distillate solvent extract, 6 heavy paraffinic distillate solvent extracts, 1
heavy naphthenic distillate solvent extract, and 3 residual oil solvent extracts).

4) Values were derived from CONCAWE, 1992

5) Viscosity measurements at 40°C may be subject to error due to non-Newtonian flow effects close to
the pour point (CONCAWE, 1992). Therefore only data for viscosity at 100°C are shown here.

6) Material extractable in DMSO as measured by method IP 346 (IP, 1980, 1985). IP346 is not
considered appropriate (NA) for RAEs (Petrolabs, 2010, CONCAWE, 1994).

11
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1.5.  Analytical Characterization

Aromatic concentrations in either DAE or RAE are largely dependent on the source and type of crude oil
from which the extract is processed (Feuston et al., 1994). Apparently, the levels of the different types
and classes of hydrocarbon compounds in DAE and RAE may not seem to be substantially different when
one considers only overall concentrations of aromatic, polar and saturated hydrocarbons. However, DAEs
generally contain much higher proportions of lower molecular weight aromatic hydrocarbons (Table 2)
and significantly higher concentrations of 1-7 ring PACs (Table 3). RAEs have much greater average
molecular weights, higher viscosities, significantly less solubility in aromatic solvents and markedly
reduced concentrations of 1-7 ring PACs. In the RAEs, the naphthenes (relatively polar compounds) and
aromatics have greater numbers of larger and longer side chains and there are substantial amounts of
polycyclic naphthenes. As both the paraffinic and naphthenic side chains in the RAES increase in size and
number, the molecules become more paraffinic in nature.

Depending on the crude oil and refining conditions, some refinery substances contain PACs. Although
similar to polycyclic aromatic hydrocarbons (PAHS) that contain two or more fused-aromatic rings
consisting only of carbon and hydrogen, PACs are a broader group of compounds that also includes
heteroatomic compounds in which one or more of the carbon atoms in the PAH ring system are replaced
by nitrogen, oxygen, or sulfur atoms. Hundreds to thousands of individual PACs are produced during the
formation of crude oil as organic matter is converted into petroleum under elevated pressure and moderate
temperatures (130 — 150 °C). The resulting PACs include a complex variety of parent (i.e., unsubstituted)
and alkylated structures. The alkyl-substitutions are usually one to four carbons long and can include
non-carbon compounds such as sulfur. Multiple alkyl and cycloparaffinic substitutions of the parent
structure are also common, especially in higher boiling fractions of petroleum. The relative abundance of
the alkylated polycyclic aromatics (C1-C4) in petroleum far exceeds the abundance of the parent
compound (CO0) (Speight, 2007). The fact that the concentration of alkylated polycyclic aromatics is much
greater than parent polycyclic aromatics is the main feature of the PACs found in petroleum (Altgelt and
Boduszynski, 1994).

The PAC content (expressed as a “PAC profile”, the weight percent in the sample of each ring-class of
PACs, such as 1-ring, 2-ring, etc.) of some petroleum substances has been shown to be highly correlated
with biological and toxicological effects in repeated-dose and developmental toxicity studies (Simpson, et
al 2008). For that reason, available data on the profiles of PACs extracted with DMSO from samples of
DAEs and RAEs are shown in Table 3. As can be seen, the distribution and concentration of 1-7 ring
PACs of DAEs and RAEs are quite different among the samples available to API. Concentrations of
DMSO-extractables ranged from 6.3 to 20.3% in the DAEs compared to 1.8 to 4.5% in the RAEs.

This correlation between PAC profiles and certain toxicological endpoints was used to develop models
for the prediction of toxicological effects in repeated-dose and developmental toxicity studies based on
the PAC profile. These models were used for samples of DAEs with data on PAC profile but without data
from toxicity tests. The models were not applicable, however, to RAEs for reasons that are explained in
section 7.

12
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Table 3. PAC content of aromatic extract samples

Type of

o Sample DMSO ARZC ARC | ARC | ARC | ARC | ARC | ARC
Sample Identification and CAS | wt % * 1 2 3 4 5 6 7
No. (%) | (%) | (%) | (%) | (%) | (%) | (%)
Site 7, Sample 23 (CRU 20906) | LP-DAE? 13.6 00 | 00 | 54 | 68 | 1.4 | 0.0 | 0.0
CRU 86187 HP-DAE* 20.3 00 | 00 | 41 | 81 | 61 | 20 | 04
Site 3, Sample 13 (CRU 100709) | LP-DAE 12 00 | 02 | 108 ] 05 | 0.0 | 0.0 | 0.0
Site 4, Sample 3 (CRU 100711) LP-DAE 12 00 | 00 | 48 | 48 | 24 | 04 | 0.0
CRU 86141 HP-DAE 19 00 | 02 | 76 | 76 | 1.9 | 0.2 | 0.0
CRU 86303 HP-DAE 14.6 00 | 00 | 03 | 29 | 58 | 44 | 1.0
CRU 89130 HP-DAE 13.9 00 | 01 | 56 | 83 | 0.0 | 0.6 | 0.0
Site 2, Sample 9 (CRU 100705) HP-DAE 6.3 00 | 00 | 0.0 | 03 | 06 | 25 | 3.2
Site 3, Sample 10 (CRU 100706) | HP-DAE 7.7 00 | 00 | 23 | 46 | 1.5 | 0.0 | 0.0
Site 3, Sample 12 (CRU 100708) | HP-DAE 8 00 | 01 | 05 | 16 | 32 | 24 | 05
Site 3, Sample 14 (CRU 100710) | HP-DAE 7.4 00 | 00 | 05|07 | 15 | 30 | 22
Site 4, Sample 4 (CRU 100712) HP-DAE 9.5 00 | 00 | 01 | 19 | 38 | 28 | 0.7
Site 5, Sample 1 (CRU 100713) HP-DAE 8.3 00 | 00 | 01 | 08 | 33 | 33 | 0.7
950219 HP-DAE 13.5 00 | 01 | 81 | 40 | 04 | 0.0 | 0.0
LN-DAE”
Site 1, Sample 5 (CRU 100701) | HN-DAE® 19 00 | 00 | 15 | 57 | 57 | 57 | 04
Site 2, Sample 8 (CRU 100704) RAE’ 1.8 00 | 00 | 0.0 | 01 | 04 | 05 | 0.7
Site 3, Sample 11 (CRU 100707) RAE 2.4 00 | 00 | 00 | 02 | 05 | 0.7 | 10
CRU 100714 - 100721 2.3
(Means from 8 nearly identical RAE 00 | 00 | 00 | 01 | 02 | 07 13
samples from same site)
Bright stock extract (CRU 4.5
87336) RAE 00 [ 09 | 14 | 04 | 04 | 09 | 04
CT-28 (CRU 87476) RAE 2.6 00 | 00 | 00 | 01 | 0.3 | 05 | 16

1) Percent of DMSO-extractable PACs as determined by PAC-2 method as described in API (2008)

2) ARC is “aromatic ring class”. “ARC 1 % is the weight of PACs within the total sample that have 1
aromatic ring; “ARC 2 %” is the percent of PACs with 2 aromatic rings, and so forth to 7 aromatic
rings as determined by the PAC-2 method,

3) LP-DAE is light paraffinic distillate aromatic extract (CAS 64742-05-8).

4) HP-DAE is heavy paraffinic distillate aromatic extract (CAS 64742-04-7).

5) LN-DAE is light naphthenic distillate aromatic extract (CAS 64742-03-6). No samples were available.

6) HN-DAE is heavy naphthenic distillate aromatic extract (CAS 64742-11-6).

7) RAE is residual aromatic extract (CAS 64742-10-5).

2. CATEGORY DEFINITION AND JUSTIFICATION

The rationale behind combining these five refinery substances into a category was based upon the
similarity of production processes within the refinery; more specifically all are produced from vacuum
distillates via solvent extraction processes, yielding substances having high aromatic content. There are
three overlapping carbon ranges within the category i.e., a low of C15-C30, a middle of C20-C50 and a
high range of greater than C25. The physical/chemical properties of the substances are directly related to

13
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their carbon range and to a much lesser extent to the paraffinic or naphthenic character of the feedstocks
from which they were extracted. The carbon number influences the volatility, water solubility, and
viscosity of these substances which in turn determines their environmental fate, ecotoxicity, and potential
bioavailability of toxic components. The mammalian toxicity of DAEs is directly related to the PAC
profile of the sample. The mammalian toxicity of RAESs is related to both the PAC profile and the
physical-chemical properties of the sample.

3. TEST MATERIALS
3.1 Previous Studies

Studies (acute toxicity, 28-day dermal and in-vitro mutagenicity) were conducted on a sample of a light
paraffinic DAE (API 83-16, CAS 64742-05-8). Physical properties for this sample are in the Robust
Summary for Aromatic Extracts. This test material appears to be slightly lighter than recently acquired
samples of light paraffinic DAEs based on boiling point range (10-90%), viscosity (¢St @ 100 C) and
aromatic content. (Data are not shown for other samples). An analysis of the PAC content of this sample
was not conducted.

A sample of heavy paraffinic DAE (CAS 64742-04-7) was tested for acute toxicity and a second sample
(318 Isthmus furfural extract, CRU 86187) was tested in 13-week repeated-dose, micronucleus, and
developmental toxicity studies performed by the dermal route. Details are in subsequent sections of this
document. The PAC profile of this second sample had generally high levels of PAC ring classes
compared to recently acquired samples of heavy paraffinic DAE. (See Table 3.)

Four samples of RAE were tested in 13-week repeated-dose, in vitro mutagenicity, in vivo mutagenicity,
and developmental toxicity studies. Details are in subsequent sections of this document. PAC-2 analysis
of these test materials was not available at that time due to their extremely high boiling range, carbon
number range, high viscosity and analytical complexity associated with speciation of 1-7 ring PACs.
However, detailed analytical characterization of more recently obtained samples of RAEs has shown that
RAEs contain lower concentrations of 1-7 ring PAC than the DAEs (Table 3).

3.2 New Studies

Since the original submission of the Aromatic Extracts Category Test Plan (December, 2003), the API has
obtained additional compositional information on samples of DAEs and RAEs obtained from US
refineries sponsoring this category. These data have helped to clarify and characterize compositional
variability among category members. As explained above, the data on the PAC profiles have been used to
predict effects in mammals for a set of samples of aromatic extracts, as described in subsequent sections.
As requested by EPA, and to test the statistical model predictions, the Testing Group also conducted
studies on a light paraffinic distillate aromatic extract (CRU 20906, CAS 64742-05-8). The studies were
a 90-day repeat dose study, a developmental toxicity study, and an in vivo micronucleus study. No
sample of a light naphthenic distillate aromatic extract could be obtained to conduct similar toxicolo