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EXECUTIVE SUMMARY

The purpose of this Gasoline Blending Streams Category Assessment Document is to present
the potential environmental and human health hazards of the numerous refinery streams used
in the blending of gasoline. The 81 substances in the Category are volatile liquids at standard
temperature and pressure and are referred to as naphthas. Gasoline-blending naphthas are
complex petroleum substances consisting of paraffinic hydrocarbons (normal and branched-
chain), olefinic hydrocarbons, naphthenic hydrocarbons (cycloparaffins), and aromatic
hydrocarbons (mainly alkylbenzenes). By TSCA definition, the hydrocarbons in these
substances contain carbon numbers approximately in the range of C4 to C12. These four
basic chemical classes generally present in all naphthas - Paraffins, Olefins, Naphthenes and
Aromatics- are identified by the acronym PONA. The basic strategy of this category for
characterizing the human health, physical chemistry characteristics, environmental fate and
ecotoxicity hazards was to use data from naphthas that are higher in one of these four
chemical classes to estimate the boundaries of toxicity and to predict the potential hazards of
untested substances. Data from gasoline are used as supplemental information to support the
overall and endpoint specific hazard characterizations. Detailed analysis of the data from new
and existing studies on these and similar streams combined with results of studies on
formulated gasoline demonstrated substantial similarities in the HPV hazard endpoint results.
This has allowed a simplification of the category assessment to characterize the potential
hazard for most human health and environmental endpoints without using the high PONA
class separation. Consequently, prediction of values for untested category members consists
of the range of the highest and lowest values obtained from key studies on all PONA
substances and formulated gasoline.

Physical-chemical properties, environmental fate, environmental effects and human health
effects are summarized below and discussed in the body of the category analysis. With the
exception of oral acute toxicity, in vitro and intraperitoneal in vivo genetic toxicology studies,
the mammalian health data are derived from dermal and inhalation studies. Inhalation is the
most relevant route of human exposure. However most of the substances in this category are
blended into formulated gasoline and are not found outside the refinery. Environmental
toxicity studies were performed with water accommodated fractions (WAF) of whole samples
of representative streams. Environmental endpoints were either measured or modeled using
compositional data from detailed hydrocarbon analyses of selected streams.

Physical-Chemical Properties:

Substances in the Gasoline Blending Streams Category are liquids composed of numerous
individual hydrocarbons that boil within the general range of 37°C to 200°C at atmospheric
pressure. Measured vapor pressures on samples of whole product ranged from 1290 hPa to
9150 hPa, indicating a considerable tendency to volatilize. Partition coefficients and water
solubility values of constituent hydrocarbons making up these streams ranged from 1.23 to
4.85 and < 1 mg/l to 2000 mg/l, respectively.

Environmental Fate:

If Gasoline Blending Streams are released to the environment, individual components will
disperse and partition according to their individual physical-chemical properties. Their final
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dispositions are shaped by both abiotic and biotic processes. Based on modeling individual
structures encompassing the different types and molecular weights of hydrocarbons making
up gasoline blending streams, volatilization to the atmosphere is an important fate process.
Residence times in the atmosphere are relatively short due to indirect photodegradation
reactions. In water, hydrolysis is not likely to occur, as the chemical linkages of hydrocarbons
do not allow for these reactions. However, biodegradation data show that these substances
can exhibit a moderate to rapid rate of biodegradation and are considered at least inherently
biodegradable.

Ecotoxicity:

The substances in the Gasoline Blending Streams Category are expected to produce a similar

range of toxicity for the aquatic species when studies using similar solution preparation and

exposure techniques are compared. The endpoint values reflect the loading rates of the test

substance added to exposure solutions. Termed water accommodated fractions, the WAF

preparation is recommended as the appropriate procedure for testing complex substances

having low water solubility. The range of acute toxicities was similar for the three trophic

levels (fish, invertebrates, and algae) based on similar testing methodology using water-
accommodated fractions (-WaFpssoThangespobedcidte
endpoints (expressed as lethal loading rates) that are expected to represent the potential

toxicity are:

e Fish 2.09 to 46mg/L
e Invertebrates 0.9 to 32mg/L
e Algae 1.1 to 64mg/L

These ranges are reasonable when compared to other test data that employed similar WAF
testing methods. In 21-day reproduction studies, the no-observed-effect-loading rate (NOELR)
for gasoline blending naphthas ranged from <0.39 to 2.6 mg/L, while the NOELR for a 14-day
exposure to fish ranged from 2.6 to 6.4 mg/L. Since constituents are volatile and
biodegradable these substances would not persist due to partitioning and transformation
processes.

Human Health Effects:

Inhalation is considered the route of exposure that is most relevant to hazard assessment for
humans both in the workplace and the general population. Studies employing the oral or
dermal routes are included for completeness. LOAEL and NOAEL designations for repeated
dose and developmental/ reproduction studies for read-across to untested category members
are derived from inhalation results.

Acute Toxicity: Results of testing various naphthas for acute toxicity demonstrate consistently
low toxicity by the oral [Rat LD50 >5g/kg], dermal [Rabbit LD50 >2g/kg] and inhalation [Rat
LC50 >5g/m’] exposure routes, are mild to moderate eye and skin irritants and are not skin
sensitizers. Acute data for gasoline gave comparable results. The inhalation acute toxicity
read-across value for untested category members is LC50 > 5g/m®
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Repeated Dose toxicity: Gasoline blending streams have a low inhalation repeat dose hazard
potential. The inhalation NOAELs and LOAELSs in rats were similar between the different
hydrocarbon classes of streams (PONA) and the formulated product, gasoline. Since there
were no appreciable differences between paraffinic, olefinic, naphthenic, and aromatic
streams, a range of values derived from all of the repeated dose inhalation studies will be used
to read across to untested category members. The read-across values for untested category
members are:

LOAEL: 6572 mg/m*i 27,800mg/m*® (18641 7885ppm?)
NOAEL: 1507mg/m*®i 10,153mg/m*® (427 i 2880ppm?)

[?- upper range of NOAEL based on 211(b) Baseline Gasoline Vapor Condensate; Total
hydrocarbon determined as parts-per-million (ppm) hexane equivalents.]

In Vitro Genetic Toxicity I Gene mutation: Most naphthas are not mutagenic in mammalian
cells except for materials with greater than 60% aromatic content where equivocal or in one
case positive activity was seen with metabolic activation. Formulated gasoline tested in both
bacterial and mammalian cell assays did not induce mutation in either test system. The read-
across conclusions for all naphthas in this category are negative with and without metabolic
activation with the exception of streams with a known aromatic content greater than 60%.
Untested streams with an aromatic content greater than 60% can be classified as
negative/equivocal without metabolic activation and equivocal/positive with metabolic
activation.

In Vivo Genetic Toxicity I Cytogenetics: All gasoline blending naphthas are negative for
induction of chromosome aberrations in rats. Gasoline did not induce cytogenetic damage in
rats or adverse effects on the spermatogenic cycle in mice. Overall gasoline blending
naphthas are not clastogenic. The read-across conclusion for untested substances in this
category is negative for in vivo genetic toxicity.

Developmental Toxicity: Assessment of developmental toxicity was derived from inhalation
developmental toxicity studies in which female rats were exposed to naphtha vapor during
gestation and from the developmental portions of reproductive studies in which both male and
female animals were exposed. Overall naphthas do not induce developmental toxicity up to
the highest doses tested. The read-across range of values for developmental toxicity for
untested substances in this category is NOAEL = 5970 to 27750mg/m?

Reproductive Toxicity: Assessment of reproductive toxicity was derived from OECD 421
Inhalation Reproductive and Developmental toxicity screening tests and the reproductive
portion of OECD 422 Combined Repeated Dose Toxicity Study with Reproductive/
Developmental Toxicity Screening Test. Two-generation studies with vapor recovery gasoline
and baseline gasoline vapor condensate provided supporting data. All tested substances did
not induce reproductive toxicity up to the highest doses tested. The read-across range of
values for reproductive toxicity for untested substances in this category is NOAEL = 13650 to
27750mg/m?®
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Carcinogenicity: No inhalation carcinogenicity studies have been performed with gasoline
blending naphthas. Long term [2-year] inhalation exposure to unleaded gasoline produced
tumors in male rat kidneys, the result of alpha 2-microglobulin mediated nephropathy, also
identified as light hydrocarbon nephropathy, a species and sex specific syndrome not relevant
to human health (US EPA, 1991). In female mice there was an increase in hepatocellular
adenomas and carcinomas.

Two year dermal carcinogenesis studies included evaluation for systemic toxicity after 12
months of exposure that did not show significant adverse systemic effects beyond skin
irritation effects at the site of application. Skin tumors resulting from 2 years dermal exposure
were induced primarily by naphtha streams derived from catalytic cracking. Other naphthas
and formulated gasoline produced skin irritation but did not induce any or any significant
incidence of skin tumors

Conclusions: Results from studies on gasoline blending streams demonstrate that these
naphthas have similar low toxicity profiles for human health endpoints. Ecotoxicity results
generally fall within the moderate toxicity range. Results from tests of formulated gasoline are
consistent with results from these streams, thus supporting the conclusion that there is no
distinction by hydrocarbon PONA class in the majority of the hazard endpoints evaluated.
Therefore, the range of values from those studies can be used to characterize the untested
substances in this category. In addition, exposure to these gasoline blending naphthas is
minimal since they are production site limited and thus are unlikely to pose significant hazard
to the environment or human health.
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1. DESCRIPTION OF GASOLINE CATEGORY

The 81 substances in the Gasoline Blending Streams Category referred to as low boiling point

naphthas are volatile liquids at standard temperature and pressure and are primarily used to

blend unleaded motor gasoline. These naphthas are Class Il substances on the Toxic

Substances Control Act (TSCA) Chemical Inventory. Class Il substances are defined as
AfChemical Substances of Unk nown eactiorMPaoduicts, aBnd e Co m
Biological Materials. Appendix A is a complete list of substances included in this Category

Assessment Document.

The substances in this category share many physical properties that make them suitable for
gasoline blending but few, if any category member streams could be sold as finished gasoline.
There is no significant human exposure to most of these substances, which are blended
directly into gasoline and are not present outside the refinery pipelines. However, some
narrower cut naphthas could be used as solvents and the International Hydrocarbon Solvents
Consortium has sponsored several substances that are used for that purpose. Other
naphthas from steam-cracking operations are being sponsored by the American Chemistry
Council [ACC] Olefins Panel. The Petroleum HPV Testing Group has worked with ACC to
ensure that there is no duplication of animal testing between the three groups.

To select test samples to characterize the range of naphtha streams blended into gasoline, the
Petroleum HPV Testing Group used chemical-oriented groupings based on the four primary
chemical classes found in naphthas. They are paraffins, olefins, naphthenes, and aromatics
(PONA).

1.1. Petroleum Chemistry and Refining [Appendix B]

Gasoline blending streams are refined from petroleum, or crude oil, an extremely complex
substance. The hydrocarbon molecules in crude oil may include from one to 50 or more
carbon atoms. At room temperature, hydrocarbons containing one to four carbon atoms are
gases; those with five to 19 carbon atoms are usually liquids; and those with 40 or more
carbon atoms are typically semi-solids. Figure 1 below shows the typical carbon chain lengths
found in substances from petroleum refining that make up the Petroleum HPV Testing
Program and demonstrates the overlaps that occurs.
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Figure 1.
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Petroleum refining uses distillation as well as chemical treatment, catalysts, and pressure to
separate and combine the basic types of hydroca
which have the characteristics needed for blending commercial petroleum products. Distillation

is not a precise procedure and refining processes vary from refinery to refinery. As a

consequence there is not a sharp cut-off between each of the streams that have been

separated, which results in an overlap of substances that occurs in each of the streams.

However, streams used in the blending of gasoline must generally fall in a boiling range of i 4

to 446°F (i 20 to 230°C) and a carbon number distribution approximately in the range of C4-

c12.

In addition to primary distillation, numerous refining processes produce the naphthas for
blending gasoline. These processes include alkylation, catalytic cracking, catalytic reforming,
hydrocracking, hydrodesulfurization, hydrotreating, isomerization, polymerization, sweetening,
and thermal cracking. Application of various refining steps is determined by the quality of the
initial petroleum crude and product specifications to produce naphthas with similar carbon
numbers and boiling range but with differing molecular compositions.
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1.2 Chemical Composition of Naphtha Streams

Gasoline is manufactured to meet property limits, which comply with performance
specifications and government regulations, and those property limits, in turn, influence its
chemical composition. Specifications limit the boiling range over which naphthas used to
blend gasoline can be distilled. Each hydrocarbon boils at a specific temperature and boiling
point increases with molecular size. The temperature limits for the gasoline distillation profile
excludes smaller hydrocarbons with lower boiling points and larger hydrocarbons with higher
boiling points. Figure 2 shows the carbon number distribution of a typical formulated gasoline
(C4-C12) and demonstrates that the low and high ends of the carbon number spectrum exist
at low levels. Figure 2A illustrates how the cumulative carbon number distribution parallels the
distillation profile. As the temperature increases over the gasoline boiling range, molecules
with higher carbon numbers are increased in the distillate mix (e.g. a sample collected at
200°F would contain primarily C4-C6 hydrocarbons, while one collected at 400°F would also
contain C7-C10 hydrocarbons).

Figure 2 Figure 2A
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The characteristic chemical composition of naphtha streams is described by PONA
classification i the Paraffinic, Olefinic, Naphthenic and Aromatic classes in the stream; within
each class, the hydrocarbons also vary in size. Figure 3 (below) illustrates distribution of
PONA classes for gasoline blending streams from a major refiner: 121 straight run naphtha
streams, 2680 catalytic reformed stream samples, 1228 catalytic cracked stream samples and
60 hydrocracked stream samples derived from a wide range of crude oils were analyzed, and
the distribution of molecules by weight % for each class are presented. All streams contain
paraffins, naphthenes and aromatics in varying concentrations while olefins are present almost
exclusively in cracked stocks. These frequency diagrams show quantitatively the spectrum of
PONA that can occur in different naphthas. A key point of this analysis is that even naphthas
that have significant levels of one chemical class (i.e. aromatics in catalytic reformed naphtha)
usually contain some molecules from the other chemical classes.
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Figure 3

Some refining processes create naphtha that contain predominately one or two of these
classes. For example, naphtha from catalytic reforming typically contains high concentrations
of aromatics, while alkylation naphtha typically contains no aromatics. Other refinery
processes do not significantly influence the chemical composition of the naphtha. Primary
distillation and sweetening (desulfurization) would be examples of such processes. Many of
the 81 HPV streams cannot be classified as high P, O, N, or A, rather, these hydrocarbon
classes are more evenly represented in the respective stream.

2. CATEGORY DEFINITION AND JUSTIFICATION

The hydrocarbons that comprise gasoline and the 81 naphtha blending streams in this
category i Paraffins, Olefins, Naphthenes (cycloparaffins) and Aromatics [PONA] - share
some structural features but differ in the ratio of hydrogen to carbon atoms and the way in
which these atoms are arranged. The basic strategy of this category for characterizing the
human health and environmental hazards was to use data from naphthas that are relatively
high in one of the four PONA classes to estimate the boundaries of toxicity and to predict the
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