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PLAIN LANGUAGE SUMMARY

This plan addresses the potential mammalian and environmental hazard of exposure to aromatic
extracts. This materiasia complex mixture of predominately aromatic hydrocarbons covering the

carbon number range of C15 to C54. Aromatic extracts are produced as byproducts when

lubricating oil base stocks and waxes are extracted to remove aromatic hydrocarbons. These highly
viscous to mobile liquids are used in heavy fuels, as precursors in the synthesis of carbon black,
petroleum pitches and resins, and in the manufacture of rubber and plastics. Aromatic extracts are
classified as either fAdisti Aireseduat omatbmaexet
depending on whether they were produced from the extraction of distillate lubricating oil base

stocks or residual lubricating oil base stocks.

There is a large body of toxicity data relating to aromatic extracotea compositionally related
heavy petroleum streams that dates back over 50 years. Untreated aromatic extracts produce skin
cancer in the mouse, and can possibly cause cancer of the respiratory tract upon inhalation of
aerosols of the material. Numesostudies have shown that the mutation and cancer causing
potential of aromatic extracts is directly related to the presenc& oing polycyclic aromatic
compoundgPACs)contained in the extracthere isalsodata (research and statistical evaluation)
showinga similarassociation maglsoexistbetween PAC content and selectedeateetiose,and
developmentaloxicity endpoints.

DAE has a low order of acute oral and dermal toxicity. Although, no acute toxicity studies were
reported for RAE, RAE tacity would be expected to be less that DAE due to the higher molecular
weights and higher viscosities of the components. DAE caused mutations in the modified Ames
test and in the mouse lymphoma assay. Evaluation of genetic material in rats expaged|yeioe
either DAE and RAE did not show any adverse effécll3 weekrepeated dose toxicity studvas
conducted on a heavy paraffinic DARepeated oral or dermal dosing of DAE produced toxic
effects in the liver, thymus and blodebur 13 week repeatadosedermaltoxicity studieswith

RAE produced similar albeit less significant toxic effects depending on dose. Microscopic
examination of male and female reproductive organs in these studies was without any toxic effect
due to treatment. DAE causexkicity to the developing fetus when applied to the skin of pregnant
rats during days-Q9 of gestation. However, these effects occurred only in the presence of toxic
effects in the mothers. In a similar study, RAE did no produce any adverse develbpfiecta

The environmental fate and hazard of aromatic extracts is determined by the individual
hydrocarbons present within the mixture. Aromatic extracts are highly viscous liquids having
component hydrocarbons that have melting points at or almobieat temperatures. These
substances will tend to clump together rather than disperse if released to the environment. They
also have very low vapor pressures, although individual hydrocarbon compounds at the lower
molecular weight range (i.e., C15 compals) may evaporate during weathering. Aromatic

extracts are not expected to partition to water, because their water solubility is also very low.
Modeled partition coefficients of the low molecular weight hydrocarbons (e.g., C15 compounds)

Page3 of 29



09/11/08
Aromatic Extract Test Plan
ConsortiumRegistration # 1100997

typically exceed 5, with higher molecular weight hydrocarbons having partition coefficients >20.
Modeling the environmental distribution shows that components generally partition to soil.
Individual components that evaporate would be expected to undergo rapid indirect
photodegradationOnce released to the environment, aromatic extracts are not likely to undergo
rapid biodegradation.

DAE or RAE have not demonstrated acute toxicity to freshwater fish, invertebrates or algae due to
water solubility limitations. Toxicolgical endpoints for acute effects were >1000 mg/L when

applied as water accommodated fractions (WAF). Reproduction and survival was unaffected in
adult aquatic invertebrateBdphnia magnpexposed for 21 days to >1000 mg/l WAF fractions of
DAE and RAE. Gfspring produced during the test also appeared healthy with no adverse effects
noted.

The Testing Group proposes to condanttlitionalstudies on a light paraffinic DAE amh a light

naphthenic DAHo fill data gapsdentified by commentors on the angl Test PlanThesenew
data will be used to provide read across to the heavy paraffinic and heavy naphthenic DAEs
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DESCRIPTION OF THE AROMATIC EXTRACTS CATEGORY

General Information
As used in this Te sterste extratts of vAeuunodistilatas or residutint act 0
that have not been subjected to further processing such as hydrogenation, desulfurization, clay or
acid treatment, additional distillation or solvent extraction. Other terms used for aromatic extracts
are aromatic process oil, bright stock extract, distillate aromatic extract, process oil, solvent extract,
rubber extender oil, and residual aromatic extract.

Aromatic extracts are highly viscous to mobile liquids, which may be dark amber to black in color

Aromatic extracts are used in applications where their solvency is valued, but also as components
of heavy fuel blends (e.g., industrial fuel oil, bunker fuel) and as precursors for synthesis of other
hydrocarbon products (e.g., carbon black, petnol resins, and petroleum pitch). Within a

refinery, aromatics can also be converted to other refinery products by processes such as cracking
and coking to light hydrocarbon fuels or coke. In rubber and plastic manufacture, aromatic extracts
are used asxenders, softeners and diluents that remain in the final product contributing to both
ease of processing and improved product performance. Very large quantities are employed in tire
manufacture, and lesser amounts for specialty applications, such ak bipids and seal

coatings. Highly aromatic streams, including the aromatic extracts, are also used as feedstocks for
making carbon black, petroleum resins, and petroleum pitch.

Production of Aromatic Extracts

Aromatic extracts are produced as byprddue 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. These lubricating oil basestocks have
beendescribed in the Lubricating Oil Basestocks Category. The untreated (raw or strajght
lubricating oil basestocks contain undesirable components that negatively impact lubricant
performances, i.e., color, odor, stability and/or viscosity that neugginoved. These impurities

include aromatic compounds containing sulfur, nitrogen, and oxygen as heteroatoms and polycyclic
aromatic compounds.

The aromatic extracts can be grouped into two subcategories, according to the class of lubricating
basestockefinery stream from which they are derived, namely, distillate aromatic extracts (DAE)
and residuum aromatic extracts (RAE)

Distillate Aromatic Extracts (DAE)

Straight run distillates (lubricating oil basestocks) are extracted with a solvent sudias, fur
phenol, or Nmethyl2-pyrrolidone (NMP) to selectively remove the undesirable aromatic
compounds, (especiallyBfused ring PAC). Other solvents such as dimethyl sulfoxide (DMSO)
can also be used. The solvent is then stripped from the resuitragteand the remaining
aromatic concentrate (aromatic extract) is either sold as is or further treated (treated DAE) for
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specialty applications. As in the case of the distillates, the viscosity of the aromatic extract
increases with increasing boilingnge (Briggs and Mackerer, 1990y et al, 19%). Distillate
aromatic extracts may also be called aromatic process oil, distillate aromatic extract, process oil,
solvent extract, and rubber extender oil.

Residual Aromatic Extracts (RAE)

The residuum fsm 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 verywvisiteam that results is

referred to as deasphalted oil (DAO). The DAO undergoes the same extraction process used for the
vacuum distillate streams. Residual aromatic extracts may also be called bright stock extracts. As
with DAE, RAE viscosity increasesith increasing boiling range (Briggs and Mackerer, 1996;

Royet al, 19%).

A refining diagram showing both lubricating oil basestocks and aromatic extracts production is
presented in Figurg.
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Fig. 1. Simplified processing plan for a petroleum refinery
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* Acid Refining is also used, but only on a small scale

Physical and Chemical Progrties of Aromatic Extracts

Historicalinternationalalues for variouphysical and chemical propertieEAromatic Extracts
areprovidedin Table 1(CONCAWE 1992) More recent omposition information on
representative samplesa@kvenDAEs andtenRAEs obtained fom US HPV kefineriesis provided
in Table 2 Although slightly different analytical methods weneployedin reporing some
parameters, i.ehoiling points (InitiatFinal in°C vs 1690% in °F) and hydrocarbon chain length
(Initial-Final vs 10-90%), the values famajorchemical properties of A&Ewithin the categorguch
as boiling pointange hydrocarbon chain lengtaromatic content and DMSO extractable
fractionaresimilar.
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Aromatic extracts are derived from purification of distdlaind residual refinery streams boiling
between 60 and 1000+F, respectively, via solvent refining (extraction) during the manufacture of
lubricating oil basestocks. Aromatic compounds including those containing sulfur, nitrogen, and
oxygen removed from #se processes are the major constituents of the aromatic extracts. The
number of different chemical components and their molecular weights increase in the extracts as
the boiling point ranges increase.

As can be seefrom Table 2untreated DAEs are geratly composed of approximatep-88%
aromatics The remaining balanamnsistf 6-25% saturatedydrocarbonsnd0.6-23% polar
compoundsUntreated RAESs are generally composed of approximéddeRr% aromaticsThe
remaining balanceonsists 0b-23%saurated hydrocarbons aidd-36% polar compounds.

Aromatic concentrations in either DAE or RAE are largely dependant on the source and type of
blendedcrudeoil slatefrom which the extract is processed (Feuston et al., 1994).

Superficially, the levelsf the different types and classeshgtirocarborcompounds in DAE and
RAE may notappear to be substantially different when one consamtdysqualitative
concentrations of aromatic, polar and saturated hydrocardomsver,DAESs generallycontain
muchhigherproportionsof smaller more solublaromatic hydrocarbons astynificantly higher
concentrationsf 3-7 ring PACswhile RAEs have much greater averagelecular weightshigher
viscosites significantlyless solubity in aromatic solvents andarkedly reduced concentrations
of 3-7 ring PAC In the RAE, the naphthenes (polar compounds) and aromatics have greater
numbers of larger and longer side chains and there are substantial amounts of polycyclic
naphthenes. As both tiparaffinicand naphtheniside chainsn the RAEincrease in size and
number, the molecules become more paraffinic in naflms.is largely due to increased RAE
paraffinicity. As notedfrom thear specific PAC profilegSeeTable3), thedistribution and
concentration 08-7 ring PACs (by DMSO extractionof DAEs and RAEsresignificantly
different, 7-21% in the DAE compared to only75 t03.34% in the RAE.

Category Members

Thefive specific refinery streams in the aromatic extract category are listed MWitdwegard to

DAEs, the basic difference between ttieemical abstract service (CA&}scriptios is carbon

number (C18C30 or C20C50)andhydrocarbon type (paraffinic vs. naphthems)shownin

Table 2, these distinctions are a result of historical refinery namaagiges and predominate

nature of the crude oil blend or base stock run through the procedsuntiiermorethere are not

large differences in straight and branched chain saturated hydrocarbons (paraffinic hydrocarbons or
polar compounds (including nlathenic compoundg)etween the four streamSinceit has been

observed thathe toxicity of thesstreamss found in thearomaticfraction(DMSO extractable

PAC), these nomenclature distinctiah® rappear to béiologically significantNo such

nomentature differences exisor RAE.
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Distillate aromatic extracts

Hydrocarbon

Extract chain length CAS number
1) Extract, distillate, light paraffinic C15C30 6474205-8
2) Extract, distillate, light ndphenic C15C30 64742-03-6
3) Extract, distillate, heavy paraffinic  C20-C50 6474204-7
4) Extract, distillate, heavy nhghenic C20-C50 6474211-6

Residuum aromatic extracts

5) Extract, residuum C25+ 64742105

CATEGORY RATIONALE

Therationalebehind combinindghesefive refinery streamto a categorywas based upon the fact
that the refinery process (solvent extractisrgimilar for all of them andesulsin substances

having high aromatic conterithere are three overlapping carbon ranggisin the category.e., a

low of C15C30, a middle of C2@50 and a higlnangeof greater than C25. hE physical

chemical properties of the substamaee directly related to their carbon range and to a much lesser
extentto the paraffinic or naphthemicharacter of the feedstock from which they were extracted.

As explained in the test plan, the carbon range influences the volatility, water solubility, and
viscosity of these substances which in turn determines their environmental fate, ecotoxicity, and
potentialbioavailability of toxic component#s reported by a number célatedscientific

investigatons (Feuston et al., 1994, Rey al., 1988; API 2008 and TRR2008), the mammalian
toxicity of both DAE and RAE is expected to be related to thedaiags profie of DMSO

extractable polycyclic aromatic compounds (PAEinally, since lower viscosity could result in
increased bioavailability, the Testing Group proposes to legitgaraffinicDAE anda light
naphthenic DAE. These data will als@pide ead acossinformationto the heavyaraffinicand

heavy naphthenic DAESupport for this hypothesis comes from data showing that high viscosity
materials (RAEs) show low mammalian toxicity (and possess low PAC content). Studies from light
DAESshaal d provide fiworst case0O read across to

Paged of 29



09/11/08
Aromatic Extract Test Plan
ConsortiumRegistration # 1100997

EVALUATION OF EXISTING HEALTH EFFECTS DATA AND PROPOSED TESTING

Acute Toxicity
Distillate Aromatic Extracts

Distillate aromatic extracts have low acute systemic toxicity. Oral LD50s forigbt and heavy

DAE were greater than 5000 mg/kg (API, 1986a; FDRL, 1974a). Dermal LD50s for the same two
samples were greater than 2000 mg/kg (API 1986a; FDRL, 1974b) but produced skin irritation and
transient eye irritation (API, 1986BPRL, 1974cd)DAE did not produce sensitization in a

Beuhler guinea pig skin sensitization assay (API, 1986a)

Residual Aromatic Extracts

No acute toxicity studies have been reported for RAE. However, due to the higher molecular
weights and higher viscosities of thengmonents, RAE toxicity would be expected to be less than
DAE.

Summary: No additional acute toxicity testing is planned.There is adequate data to
characterize acute toxicity end points, of both dattl and residual aromatic extracts.

RepeatDose Toxcity
Distillate Aromatic Extracts

In a 28day study, rabbits received dermal applications of 0, 250, 500 and 1000 mg/kglmfhteat
paraffinicDAE to shaved backs once/day, 3 times/week, for a total of thirteen DAE applications
(API, 1986b). After eeh application, the site was occluded for 6 hours and then wiped free of
DAE. Body weights and food consumption were measured and the animals were observed for
clinical signs of toxicity. Hematology and clinical chemistries were performed; multiplesorgan
were weighed, and gross and microscopic pathological examinations were performed. The only
possible treatmenelated effects noted were increased relative liver weight among females at alll
dose levels of DAEDAE produced skin irritation in both sexegith slight to severe proliferative
changes observed microscopically in skin of the high dose group (API, 1986b).

In a second studw heavy paraffinidistillate aromatic extract was administered dermally without
occlusion to the shorn backs of maleldemale rats, 5 days/week for thirteen weeks at doses of 0,

30, 125, 500, and 1250 mg/kg. In addition, two extra groups of 10 male rats received oral doses of
125 and 500 mg/kg/day for 13 week$4obil, 1990a; Feuston et al., 1996; Feuston et al., 1994).
Evidence of toxicity included mortality, decreased body weight, aberrant serum chemistry and
hematology parameters, altered organ weight, and histopathological changes in several organs.
Histopathological evaluations of the male and female reproduntyans were conducted on

animals at the highest ndatal dose of DAE (125mg/kg/day dermally and 500 mg/kg/day orally)

and gonads, epididymides, prostates, and seminal vesicles were examined microscopically. These
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organs wer e c har avwthoet any histogathalagicaf effenta Epididymdd u t
spermatozoa morphology and count and testicular spermatid counts were examined and found to be
unaffected by treatment.

Residual Aromatic Extracts

Four samples of RAE were tested for subchronic deroxadity in the rat, at 500 and 2000

mg/kg/day for 13 weeks according to the same procedure used for DAE described above (Mobil,
1990b). At 500 and 2000 mg/kg, there were no changes in body weight, no clinical signs of
toxicity, and no observations of skimitation. In both sexes there were several small changes in
serum chemistry and hematology parameters. Relative spleen and liver weights were increased at
2000 mg/kg. There were no treatment related pathological effects seen after gross or microscopi
examination of organs and tissues, including those of the male and female reproductive organs.
Epididymal spermatozoa morphology and count and testicular spermatid counts were examined
and found to be unaffected by treatment. These RAEs were obseheditmificantly less toxic

than DAE, probably due to the relatively lower concentrations-@friig PACs and higher

viscosity that substantially reduces absorption (Potter et al., 1999).

Summary: While sufficient datavas providedo characterizéherepeated dos@xicity of heavy
paraffinicDAE, only limited data was provided to characterizertpeated dostxicity of light

DAE and no data were submitted to characterize the repeated dose toxicity of naphthenic DAEs
There was sufficient data proed to characterize threpeated dosxicity of residual aromatic
extracts Additional repeated dose toxicitytesting is proposedon a light paraffinic and a light
naphthenic DAE.

Genotoxicity
In Vitro (Mutagenicity)
Distillate Aromatic Extracts

Gene mutation assays performeds@monella typhimuriuraetrain TA 98 with metabolic

activation in an Ames test, modified to enhance contact between the bacterial cells and the highly
insoluble oil components, have shown that DAE are mutagenic and tmatithgenic potency is
correlated with the concentration 6f73ing PAGenriched fraction obtained by extraction with
DMSO, and with dermal carcinogenic activity in the mouse. (Roy et al., 1988; Blackburn et al.,
1984).

The mouse lymphoma, forward mutatiassay, has been performed for DAE using cell line
L5178Y. DAE was found to be mutagenic with and without activation, and a dose response was
observed with activation. The DAE was dissolved in ethanol, and was visibly insoluble in the
media at higher des (API, 1986c).
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Residual Aromatic Extracts

Some RAE was mutagenic in the modified Ames test and the biological activity is related to the
presence and level of DMSO extractablé 8ng PAC (Blackburn, et al., 1996).

Summary: While there is suftient data taeterminghein vitro mutagenicity ofparaffinic
distillate aromatic extracteo data were submitted tteterminghein vitro mutagenicity of
naphthenic distillate aromatic extracthere is sufficient data teterminehein vitro
mutagenicity of residual aromatic extracsither modeling information will be developed or a
sample of light naphthenic DAE will be tested to characterize thm vitro mutagenicity of
naphthenic distillate aromatic extracts.

In Vivo (Chromosomal Aberrations)
Distillate Aromatic Extracts

In vivomicronucleus evaluations were performed on bone marrow harvested at termination
of the thirteerweek oral and dermal assayadfieavy paraffinid®AE described in the repedbse
toxicity section. No treatment akd increase in micronuclei was observed (Mobil, 1987).

Residual Aromatic Extracts

In vivomicronucleus evaluations were performed on bone marrow harvested at termination
of the subchronic dermal assays of RAE described in the rdpsattoxicity sction. No treatment
related increase in micronuclei was observed (Mobil, 1988).

Summary: While there issufficientdata to determine thie vivo genotoxicity ofparaffinic
distillate aromatic extractso data were submitted to determineitheivo genotoxicity of
naphthenic distillate aromatic extractere is sufficient data to determine thevivo genotoxicity
of residual aromatic extract&n in vivo micronucleusevaluation will be included in the
repeated dose toxicity test of aample of lightnaphthenic DAE to characterize thein vivo
mutagenicity of naphthenic distillate aromatic extracts.

Carcinogenicity
Carcinogenicity testing is beyond the scope of HPV, but it should be noted for information
purposes that many studies have been perfotmedaluate the dermal carcinogenicity of aromatic

extracts in the mouse. Numerous studies have shown that the mutagenic and carcinogenic potential
of aromatic extracts and other compositionally related heavy petroleum streams correlates with the
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presene of 37 ring polycyclic aromatic compounds (Roy et al, 1988; Blackburn et al., 1984,
Cruzan et al., 1986; Blackburn et al., 1986). Further studies have shown these PACs can be
absorbed through the skin and enter the general circulation (Roy et al. Rb§9&; al., 1998).
Untreated DAE has been shown to be a potent dermal carcinogen in a number of mouse skin
painting bioassays (IARC, 1984). The dermal carcinogenicity of untreated RAE has ranged from
nortcarcinogenic to moderately carcinogenic (Blackba896; Reddy et al., 1997; Kane et al.,
1984; Doak et al., 1985; Gradiski et al., 1983; Bingham et al., 1980; King, D.J., 1991, Shell
Research Ltd., 1991).

Correlation Between PAC Content and Mammalian Toxicity

The HPV Testing Group originally indicaténl EPA that the mammalian toxicity of aromatic

extracts was primarily due to their polycyclic aromatic compounds {Pédtent. The original

test plan also implied that the PAC content of these substances could be used to predict the toxicity
of untestedsubstances. The basis for these claims was a publication by Feuston et al. (1994) that
examined the correlation between the weight percentage of various chemical classes of compounds
in thirteen refinery streams and the magnitude of various effects prbolus treated dermagl

with these substances in repeated dose and developmental toxicity studies.

TheTestingGroup recognized that the underlying daglatingPAC content with toxicitywere

limited and a new more sophisticated and robust analyssweeded. A report has been issued
describing the results of this new evaluation of the association between PAC content and repeat
dose and developmehtoxicity, and the subsequent development of predictive models of eleven
(selectedendpoints ofepeded-dose and developmental dermal toxicity in the rat (API, 2008).

The report has been subject to a peer consultation process, the results of which are available to the
public (TERA, 2008).

TheTestingGroup is in the process of investigating the refetiop between PAC content and the
potential gertic and reproductive toxicities of petroleum substances, and whether predictive
models can or should be developed for these two endpoints. The results of these investigations will
be reported separately.

- Polycyclic aromatic hydrocarbons (PAH) refers to compounds of two or more dnsexitic

rings consisting of carbon and hydrogen only. Polycyclic aromatic compounds (PACs) is a more
inclusive term than PAH since in addition to the PAHSs it also desumolecules in which one or

more atoms of nitrogen, oxygen or sulfur (a heteroatom) replaces one of the carbon atoms in the
ring system. (See API, 2008, Appendix 1 for additional nomenclature details.)

Reproductive/Developmental Toxicity
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Distillate Aromatic Extracts

In a prenatal developmental toxicity study, nesavy paraffinidAE was applied dermally to rats

at 0, 8, 30, and 125 mg/kg/day on gestation dai8.0The application site was not occluded and
the site was not wiped after dosingats wore Elizabethan collars to retard oral ingestion. End
points of toxicity included body weight, food consumption, hematology, serum chemistry, liver
weight, thymus weight; and fetal resorption, anomalous development (skeletal and visceral) and
bodyweight (Mobil, 1990c; Feuston et al., 1996). For maternal and developmental endpoints,
statistically significant effects occurred only at 125 mg DAE/kg/day. The maternal effects included
decreased body weight and gain, gravid uterine weight, incraase@eight, decreased thymus
weight, increased white blood cell count, and alterations in most of the serum chemistry
parameters. The developmental effects included increased number of dams with resorptions,
reduced litter size, decreased fetal body Weignd increased resorptions. Fetal effects occurred
only at theconcentration that caussgnificant maternal effects.

No reproductive toxicity studies were identified for DAE. Development toxicity was observed in

the female rat from DAE but this waensidered to be secondary to maternal toxicity. Further, no
histopathologicathanges were observed in the reproductive organs of male and female rats via the
oral or dermal route of exposure in thevi@eksubchronic studies. Epididymal spermatozoa
morphology and count and testicular spermatid counts were unaffected by DAE treatment (Mobil,
1990a)

Residual Aromatic Extracts

In a developmental toxicity study similar to that described for DAE in the preceding section, RAE
was applied dermally to pregrtamats at doses of 500 and 2000 mg/kg RAE from dal/3 of
gestation, and 2000 mg/kg from day O of gestation to day 4 of lactation. No maternal or
developmental toxicity was seen (Mobil, 1989).

No reproductive toxicity studies were identified for residaromatic extracts. However, a
thirteenweek dermal study was conducted on multiple samples of residual aromatic extract in male
and female rats, in which no histopathological effects were found in the reproductive organs.
Epididymal spermatozoa morpbgy and count and testicular spermatid counts were unaffected by
RAE treatment (Mobil, 1990b).

Summary: While sufficient data wererovided todetermineghe developmental toxicitgpf heavy
paraffinicDAE, only limited data were provided to determine teéproductive toxicity of DAE.
Insufficient data werprovided to characterizbe developmental toxicity ¢ight DAE and
naphthenic DAE®Tr to characterize the reproductive toxicity of DAE as a clblssre was
sufficientdata provided to determine thewetlopmental toxicity ofesidual aromatic extracts.
There wasufficientread across informatido accesshereproductiveoxicity of residual
aromatic extractslhe Testing Group proposes to conduct developmental toxicity studies a
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light paraffinic and a light naphthenic DAE. Since the PAQ\nalysisTask Grougoundthat the
developmental toxicitgndpoints, including both in utero and postnatal development, were more
sensitive than effects on the reproductive orgdmesTesting Grouglid not feel hat multiple
reproductive toxicity studies wereecessargn both a light paraffinic and light naphthenic DAE in
order to characterize the reproductive toxicity of all DAHse Testing Groupproposes to

conduct reproductive toxicity testing on a light paraffinic DAE . This study will be used to
provide data to read across to the light naphthenic DAE stream.

EVALUATION OF EXISTING PHYSICOCHEMICAL AND ENVIRONMENTAL FATE
DATA

General

The substances covered under this HPV testing plan are mixtut#®ohg compositions.

Because they are mixtures it is not possible to measure or calculate a single numerical value for
most of the physicochemical properties. The range of individual hydrocarbon components in
aromatic extracts defines these propertiesr example, an aromatic extract does not have a

defined melting point, but rather a melting point range. Therefore, melting point, boiling point, and
partition coefficient will be reported as ranges of individual components reflective of the
compositimal analysis of aromatic extracts. An exception is vapor pressure, which is a measure of
the total partial pressure exerted by the components of a mixture.

Although some data for products in this category exist, not all of these endpoints are defined a
consensus database for chemicals that represent products in this category does not exist. Therefore,
calculated and measured representative data have been identified and included in the robust
summaries, where appropriate. The EPIWIN©® computer matsl. EPA 2000), as discussed in

the U.S. EPA document entitled@ile Use of StructurActivity Relationships (SAR) in the High
Production Volume Chemicals Challenge Progtamas used to calculate physicochemical

properties of representative constituentssilected aromatic extract streams. Because of the
diversity of components/compounds making up aromatic extracts, it was not feasible to model the
physicochemical endpoints for each potential component/compound. Instead, modeling efforts
were directed ward representative hydrocarbon components/compounds in aromatic extracts most
likely to partition to various environmental media yet still encompass the typical extremes in
molecular weight.

Melting Point

To better describe the physical phase or flaracteristics of petroleum products, the pour point

is routinely used, instead of melting point. The pour point is the lowest temperature at which
movement of the test specimen is observed under prescribed conditions of the test (ASTM 2002).
Thepourpait met hodol ogy -l swo mpaisntr esdaf imed as th

Pagel5 of 29



09/11/08
Aromatic Extract Test Plan
ConsortiumRegistration # 1100997

specimen at which a wax crystal structure and/or viscosity increase such that movement of the
surface of the test specimen is impeded under the conditions of theSa#l 2002). Because not

all petroleum products contain wax in their composition, the pour point determination encompasses
change in physical state (i.e., wax crystal formation) and/or viscosity. The pour point measured for
distillate aromatic extracts raed fromi 6 °C to +36°C, whereas pour point for residual aromatic
extracts is considered as > +20D (CONCAWE, 1992).

Summary: No additional testing is proposed The pour point of various aromatic extracts has
been adequately measured.

Boiling Point

As mixtures, aromatic extracts do not have a single numerical value for boiling point, but rather a
boiling range that reflects the individual components. The production of aromatic extracts results
in two streams that have slightly differing componehid affect the boiling range of those

products. Aromatic extracts from the distillate fraction of the production process generally have
the boiling range of 250 to 68C, while aromatic extracts from the residuum fraction boil at >380
°C (CONCAWE, 1999.

Summary: No additional testing is proposed.The boiling range of aromatic extracts has been
adequately addressed.

Vapor Pressure

For mixtures such as petroleum products, the vapor pressure of the mixture is the sum of the partial
pressures of th@idi vi dual components (Daltonés Law of P
expected to have low vapor pressure due to their high viscosity, boiling range and molecular

weights of the constituent hydrocarbonsgs(CCsg carbon atoms). Vapor pressuoe €listillate and

residual aromatic extracts have been measured to be <0.1 ORELWE, 1992).

Summary: No additional testing is proposedThe vapor pressure of distillate and residual
aromatic extracts has been adequately measured.

Partition Coefficient

Aromatic extracts consist of mixtures of hydrocarbon groups having carbon numbers in the range
Cisto Gso. The percent distribution of the hydrocarbon groups (i.e., isoparaffins, naphthenes, and
aromatics) and the carbon chain lengths determupainthe partitioning characteristics of the
mixture. Generally, hydrocarbon chains with fewer carbon atoms tend to have lower partition
coefficients than those with higher carbon numbers (CONCAWE, 2001). However, due to their
complex composition and lowater solubility, measurements of the log Kow of these hydrocarbon
mixtures typically cannot be made. For example, one study of the partitioning behavior of a DAE
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found that 85% of the components in the DAE had partition coefficients greater thanlitebéep
range (log Kow of 0 to 6) for the method (Shell Research Ltd 1984). Modeling efforts also support
this study. Partition coefficients of selectegs @1d G, chainlength hydrocarbon structures
representing paraffinic, naphthenic, and aromatictdoesits in aromatic extracts were modeled

using EPIWIN’, KOWWIN V1.66 (U.S. EPA, 2000). Results showed log Kow values ranged

from approximately 5 and to greater than 7 for thec@mponents, while values fog&

compounds were greater than 20.

Summary: No additional modeling is proposedThe partition coefficients of distillate and
residual aromatic extracts have been adequately measured.

Water Solubility

Molecular weight and chemical structure influence the ultimate degree of solubility. Forlexamp
water solubility typically decreases with increasing molecular weight, while aromatic hydrocarbons
shows greater water solubility than saturated hydrocarbons for compounds of equal carbon
numbers. Water solubility estimates obtained using WSKOW VERO/NIN V3.10, EPA 2000)

for individual isomeridCy5 structures range from <0.001 to 0.63 mg/l. Water solubility values for
similar structures havingsgcarbon atoms all were <0.001 mg/l. Since aromatic extracts are
viscous, semsolid to solid materialat ambient temperatures, water solubility is expected to be
negligible for these materials.

Summary: No additional modeling is proposed.Water solubility values have been measured for
distillate and residual aromatic extracts.

Photodegradation

The drect agueous photolysis of an organic molecule occurs when it absorbs sufficient light energy
to result in a structural transformation. Only light energy at wavelengths between 290 and 750 nm
can result in photochemical transformations in the environrakthugh absorption is not always
sufficient for a chemical to undergo photochemical degradation. Saturated amclgoa@matic
hydrocarbons do not show absorbance in the 290 to 800 nm range and would not be expected to be
directly photodegraded. Paisomatic hydrocarbons, on the other hand, have shown absorbance of
this range of light energy and could potentially undergo photolysis reactions. The degree and rate
at which these compounds photodegrade will depend upon whether conditions allow perstrati

light with sufficient energy to effect a change. For example, polyaromatic compounds bound to
sediments may persist due to lack of adequate light penetration.

Components in aromatic extracts that do not directly photodegrade (e.g., parafimisenap, and
onering aromatic compounds) may be subject to indirect photodegradation. Indirect
photodegradation is the reaction with photosensitized oxygen in the atmosphere in the form of
hydroxyl radicals (OH. The potential to undergo indirect phadégradation can be estimated
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using the atmospheric oxidation potential (AOP) model subroutine (AOPWIN V1.90) in EBIWIN
(EPA 2000), which calculates a chemical Héf and an overall OHreaction rate constant based

on a 1zhour day and a given Oloncentration. Atmospheric oxidation rates and Halés were
calculated for the lowest molecular weight constituents of various components of aromatic extracts.
(e.g., Gs hydrocarbon structures), since these would have the most potential to volatiliee to th
atmosphere. AOP half life estimates for these compounds ranged from 0.1 to 0.7 days and show a
lack of persistence in the atmosphere.

Since aromatic extracts are highly viscous materials with low volatility, the importance of direct
and indirect phatdegradation as an overall fate pathway may be slight. However, if conditions
result in dispersion or volatilization where sunlight and photosensitized oxygen compounds may
interact with components of aromatic extracts, it is unlikely that those compwilhgersist in the
environment.

Summary: No additional modeling is proposed.Atmospheric oxidation potential of
representative {g components in aromatic extracts have been modeled.

Stability in Water

Chemicals that have a potential to hydrolyzelude alkyl halides, amides, carbamates, carboxylic
acid esters and lactones, epoxides, phosphate esters, and sulfonic aciH@ster4982).

Because aromatic extracts do not contain significant levels of these functional groups, components
in the aomatic extracts category are not subject to hydrolysis.

Summary: Computer modeling will not be conducted for components in the aromatic extracts
category because they do not undergo hydrolysis.

Chemical Transport and Distribution in the Environment (Fugacity Modeling)

Fugacitybased multimedia modeling can provide basic information on the relative distribution of
chemicals between selected environmental compartments (e.g., air, water, soil, sediment,

suspended sediment and biota). The US EPA hagdghat computer modeling techniques are an
appropriate approach to estimating chemical partitioning (fugacity is a calculated endpoint and is

not measured). A widely used fugacity model is the EQC (Equilibrium Criterion) mioeseit (

University, 1999The EQC model is a Level 1 (i.e., steady state, equilibrium, closed system and no
degradation) model that utilizes the input of basic chemical properties including molecular weight,
vapor pressure, and water solubility to calculate distribution withimaatdized regional
environment . EPA cites the use of this model
Existing Datao that was prepared as guidance f
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To gain an understanding of the potential transodt distribution of aromatic extracts, the EQC

model was used to characterize the environmental distribution of diffefeabh& G, compounds
representing different structures in aromatic extracts (e.g., isoparaffins, naphthenes, and aromatics).
Modeling results show that aromatic extracts released to the environment would bind to
soil/sediment with only negligible amounts dissolving in water. Some of the lower molecular

weight paraffins, isgoaraffins, naphthenes aneihg aromatic component hydrobans may

partition to the air over time and weathering of the materials. However, these would be expected to
undergo reaction with atmospheric hydroxyl radicals and not persist.

Summary: No further modeling is proposed. Fugacity modeling has been dooeotovide an
estimate of the percent distribution in environmental media of varigien@ Go hydrocarbons
found in aromatic extracts.

Biodegradation

Aromatic extracts have not demonstrated a capacity to readily biodegrade in laboratory tests (Shell
Research Ltd 1994). In two 28ay ready biodegradability studies on a distillate aromatic extract,

no biodegradation was measured when using the modified Sturm and closed bottle test protocols.
Similar results would be expected for residual aromatic astimsed upon the higher molecular
weight components in those materials. However, since component hydrocarbons are considered
inherently biodegradable (CONCAWE 1992), some time would be expected for adapted microbial
populations to develop the capabilityutilize those components.

Summary: No further testing is proposed. Adequate information exists on the ready
biodegradability potential of the DAEs. RAEs would be expected to behave similarly to the DAEs.

EVALUATION OF EXISTING ECOTOXICITY DATA

Multiple acute toxicity studies with fish, invertebrates, and algae have been conducted to assess the
ecotoxicity of distillate and residual aromatic extracts (BP Europe 1994a,b, c, d, e; BP Europe 1995
a and b). For fish and invertebrates, no adverse sffecsurvival or behavioral characteristics

were found when tested up to the maximum test concentration of 1000 mg/L as water
accommodated fraction (WAF). Similarly algae were exposed to 1000 mg/L WAF preparation of
RAE. No adverse effects on growth sogth rate in the algal populations were evident during the
exposure. An algal test was not available for DAE, but based on the limited solubility of these
materials, no toxicity would be expected..

Aromatic extracts were tested for chronic toxicityatuatic invertebrate®éphnia magna In

21-day exposures to DAE and RAE WAF preparations, neither survival nor reproduction was
impaired in the adult generation. Offspring produced during the test also appeared healthy with no
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adverse effects notedror chronic exposures of DAE and RAE to aquatic invertebrates, the no
observeeeffect level was considered 1000 mg/L WAF.(BP Europe 1995ab)

Due to the variable composition of substances in this category, the two chronic toxicity studies
cited may not corlasively represent chronic aquatic toxicity for all substances in this category.
However, due to the high viscosity of these materials, which aressgiahito solid at ambient
temperatures, the potential for components such as PAHSs to contribute tc effiexts in aquatic
organisms would be expected to be extremely limited. This is due not only to the physical state of
the materials but also to the high octanol/water partition coefficients of these components, which
limits the partitioning into the aous phase. For these reasons, it is unlikely that water
accommodated fractions of aromatic extracts prepared at the chronic exposure limit concentration
of 1 mg/L would elicit effects of discernible significance in standard chronic toxicity assays. Thi

is supported by the lack of chronic toxicity at 1000 mg/L found in the studies described in the
robust summaries (BP Europe, 1995). Therefore, although it is not possible to accurately predict
the extent of chronic aquatic effects of the watguilibraed components for all aromatic extracts

due to the variable composition, evaluation of chronic toxicity for both distillate and residual
aromatic extracts indicates that no effects were discerned in aquatic organisms exposed to the water
soluble componeastof those extracts.

Summary: No further testing is proposed. Adequate data exists on the acute aquatic toxicity of
distillate and residual aromatic extracts.
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Matrix of Available Data and Proposed Testing

Test Light Distillate Heavy Distillate Residual Aromatic
Aromatic Extract Aromatic Extract Extract
Melting Point Adequate Adequate Adequate
Boiling Point Adequate Adequate Adequate
Vapor Pressure Adequate Adequate Adequate
Partition Coefficient | Adequate Adequate Adequate
Water Solubility Adequate Adequate Adequate
Photodegradation Adequate Adequate Adequate
Stability in Water Adequate Adequate Adequate
Transport and Adequate Adequate Adequate
Distribution
Biodegradation Adequate Adequate Read Across’
Acute Toxicity to Adequate Adequate Adequate
Fish
Acute Toxicity to Adequate Adequate Adequate
Aquatic
Invertebrates
Toxicity to Algae Read Across ° Read Across ° Adequate
Acute Toxicity Adequate Adequate Read Across*
Repeated Dose Test Read Across’ Adequate
Genotoxicity, in vitro | Test Read Across’ Adequate
Genotoxicity, in vivo | Test Read Across’ Adequate
Developmental Test Read Across’ Adequate
Reproduction Test Read Across’ Adequate

! Read Across from existing information on light DAE

2 Read Across from existing information on RAE

Adequate. Indicates adequate existing data
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Table 1

Ranges of Physical and Chemical Properties for Distillate and ResiduAromatic Extracts®

Property Unit Method Distillate (DAE) | Residual (RAE)
Boiling Range C ASTM D 2887 250680 >380
Pour Point C ASTM D 97 -6 to +36 > +20
Vapour Pressure, 2C hPa OECD 104 <0.1 <0.1
Water solubility, 20 C mg/| OECD 105 1.47 5.8 Sparingly
Flash point closed cup C ASTM D 93 150270 >250
Autoignition temperature C DIN 51794 250410 >380
Density, 15 C kg/dm ASTM D 1298 0.951.03 0.961.02
Viscosity, kinematic 40C? mm2/s ASTM D 445 5-18 000 >4000
Viscosity, kinematic 100C mm2/s ASTM D 445 3-60 60-330
Average Molecular Mass | ASTM D 2887 300580 >400
Carbon number range | ASTM D 2887 C15C5h4 >C25
Aromatic Content %m ASTM D 2007 65-85 60-80
DMSO extract %m IP 346 10-30 not applicable

! Table from CONCAWE, 1992.

2 Viscosity measurements at?0 are subject to error
% By method IP 346 (IP, 1980). IP346 is not routinely applied to RAE
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Table 2

Compositional Analysis of Represntative Aromatic Extracts

Aromatic ExtracfType Boiling Carbon Number | Viscosity | Saturateg Polar Aromatics
Point Range | Range (1800%) | cSt @ (Wt%) Cmpds (Wt%)
(10-90%) 100 C (Wt%)
Light Pardfinic DAE 676-820 C21-C29 5.9 11.2 2.9 86.0
Light Paraffnic DAE 710966 C22-C38 10.2 11.3 0.6 88.2
Light Paraffinic DAE 624727 C19C25 3.6 16.9 4.7 78.4
Light Parafinic DAé 700831 C23C30 6.9 245 5.2 70.3
Light Naphthenic DAE 692-917 C22C34 17.2 17.5 22.8 59.7
Heavy Parafinic DAE 790924 C27-C36 16.4 24.7 9.0 66.4
Heavy Parafinic DAE 799936 C27-C37 20.5 6.0 9.0 85.0
Heavy Parafinic DAE 862-1022 C33C44 31.7 10.3 4.6 85.2
Heavy Parafinic DAE 731-948 C25C39 16.3 18.9 12.0 69.2
Heavy Parafinic DAE 755991 C25C41 22.7 20.1 12.8 67.1
Heavy Naphthenic DAE 725954 C22C38 49.7 7.7 17.0 73.6
Residual Aromatic Extract 9231195 C35C65 72.8 5.4 17.2 77.4
Residual Aromatic Extract 8761171 C33C60 51.1 23.0 19.5 57.6
Residual Aromatic Extract >976 >C47 166.3 19.8 31.7 48.6
Residual Aomatic Extract >976 >C47 167.1 19.5 324 48.1
Residual Aromatic Extract >976 >C47 174.0 19.7 31.6 48.7
Residual Aromatic Extract >976° >C47 165.2 19.9 28.8 51.3
Residual Aromatic Extract >976 >C47 169.2 19.3 27.8 53.0
Residual Aromatic Extract >976° >C47 165.7 20.3 33.9 45.8
Residual Aromatic Extract >976 >C47 171.3 20.2 36.2 43.6
Residual Aromatic Extract >976 >C47 175.0 19.9 33.7 46.4

'Analytical MethodsViscosity ASTM D445; Saturates, Polar Compound&@matics ASTMD2887.
2 Sample originally submitted as CAS 647827, but uporanalyticaltesting wasleterminedo be CAS 6474D5-8.
3Estimated value; real value extends outside of calibrated range of analytical method
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