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ExxonMobil Chemical Company C4-6 IRRP Fraction Stream HPV Program Test Plan

EXECUTIVE SUMMARY

Under the U.S. Environmental Protection Agency (EPA) High Production Volume (HPV)
Chemical Challenge Program (Program), ExxonMobil Chemical Company committed to
voluntarily compile a Screening Information Data Set (SIDS) that can be used for an
initial hazard assessment of Gases, Petroleum, Extractive, C4-6 Isopentene Rich
Reaction Products with Methanol, Ether Fraction, Hydrogenated, Cracked, Isopentene
Fraction (C4-6 IRRP Fraction), CAS No. 108083-44-9.

Existing data and technical analyses adequately characterize the SIDS endpoints for
the C4-6 IRRP Fraction stream and support a screening-level hazard assessment,
which informs the public about the SIDS-based hazards of this substance. Sufficient
data and information exist to characterize all endpoints in the HPV Program. Therefore,
no additional testing is proposed.

The C4-6 IRRP Fraction stream is a complex substance that contains a predominant
ether fraction in combination with a larger hydrocarbon fraction. A search for existing
studies/information and their review identified adequate data for select constituents to
characterize all SIDS endpoints for the stream. Data suggest that the C4-6 IRRP
Fraction stream generally presents a low order of hazard for human health and a
moderate order of environmental hazard for the predominant groups of constituents as
a whole. The predominant constituents of the stream are relatively volatile. Information
on their fate in the environment suggests that once in the atmosphere, they will be
largely degraded through physical processes at a relatively rapid rate.
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TEST PLAN FOR C4-6 IRRP FRACTION
CAS No. 108083-44-9

l. INTRODUCTION

Under the U.S. Environmental Protection Agency (EPA) High Production Volume (HPV)
Chemical Challenge Program (Program), ExxonMobil Chemical Company committed to
voluntarily compile a Screening Information Data Set (SIDS) that can be used for an
initial hazard assessment of the Gases, Petroleum, Extractive, C4-6 Isopentene Rich
Reaction Products with Methanol, Ether Fraction, Hydrogenated, Cracked, Isopentene
Fraction (C4-6 IRRP Fraction) stream, CAS No. 108083-44-9. Although there are no
data for the stream, based on its composition, it was determined that data for three
constituents can be used to characterize the SIDS endpoints because they comprise a
large fraction of the stream and therefore, will define the fate and effects of the stream.
The three substances are n-hexane (CAS No. 110-54-3), 2,4-dimethylpentane (CAS
No. 108-08-7), and cyclohexane (CAS No. 110-82-7).

This assessment includes data for selected physicochemical, environmental fate, and
mammalian and environmental effect endpoints identified by the U.S. HPV Program.
Procedures to assess the reliability of selected data for inclusion in this test plan were
based on guidelines described by Klimisch et al. (1997) and identified within the U.S.
EPA (1999) document titled Determining the Adequacy of Existing Data. The following
sections describe the C4-6 IRRP Fraction stream and its manufacturing process, and
data used to characterize the various endpoints in the HPV Program. After a review of
the existing data, ExxonMobil Chemical Company believes that data needed to
adequately assess all SIDS endpoints have been identified and that additional testing is
not necessary.

II. CHEMICAL DESCRIPTION, MANUFACTURING PROCESS, AND USE

The C4-6 IRRP Fraction stream is composed of several constituent substances (Table
1). The predominant chemical fractions in this stream are C5 to C8 aliphatic
hydrocarbons, which can comprise approximately 90% of the stream. The remaining
10% is made up of olefins (<1%), methoxypentanes or ethers (6%), furans (<1%) and
aromatic hydrocarbons (<2%).

In the chemical plant, a mostly C5 stream is brought into the isoamylene unit (IAU) from
upstream fractionation. To remove the isoamylene (2-methyl-butene-1 and 2-methyl’
butene-2), the stream is run across a catalyst that oxygenates the isoamylene into
TAME (tertiary-amyl methyl ether) using methanol. This TAME is then fractionated
away from the remaining C5 stream, and decomposed back to isoamylene and
methanol and recovered as product. In the first methanol reaction, there are side
reactions that occur that cause generation of oxygenates heavier than TAME. These
are fractionated off as the IAU light co-product stream. The IAU light co-product stream
is then sent back to the refinery for further processing.
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Table 1. Percent composition ranges of predominant constituents in the C4-6 IRRP
Fraction stream.

C4-6 IRRP Fraction Stream
Chemical Group Constituent Percent Composition
C5 Aliphatics
| pentanes | 0.6
C6 Aliphatics
hexanes 24.5
hexane 0.1
cyclohexane 20.8
C7 Aliphatics
2,4-dimethylpentane 354
3-methylhexane 0.2
heptanes 3.1
heptane 0.1
dimethylcyclopentane 1.3
methylcyclohexane 0.3
C8 Aliphatics
| octanes + 3.6
C6 Olefins
2-methyl-1-pentene 0.1
trans-3-hexene 0.4
2,3-dimethyl-2-butene 0.3
Methoxypentanes
TAME 3.7
SAME 1.5
Aromatics
| benzene | 1.8
Furans
\ 2-methylfuran | 1.0

lll. TEST PLAN RATIONALE AND DATA SUMMARY

The predominant constituent chemical groups of the C4-6 IRRP Fraction stream include
C6 to C7 Aliphatics (9 constituents) at as much as 80% of the stream, these combined
constituent fractions, will be responsible for the biological effects exhibited by the
stream as a whole. The few remaining chemical groups or individual chemical
constituents, that are present at levels between <1% to as much as 4%, will not
contribute to a greater adverse biological effect than that resulting from the two major
groups. Therefore, data from representative constituents from each of these two groups
will be used to characterize the overall biological and fate characteristics of the stream.

The basic strategy of this test plan for characterizing the human health hazards of the
C4-6 IRRP Fraction stream is to evaluate data for the major components of the stream.
The major chemical components of the stream in the C4-6 IRRP Fraction stream have
been tested for human health toxicity endpoints. Available data on these components
prove to provide sufficient information to develop scientific judgment-based
characterizations of the human health effects of the stream for purposes of satisfying
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HPV program requirements. Therefore, no additional human health toxicity testing is
proposed. The hazard characterization for the C4-6 IRRP Fraction stream will include
the hazards of n-hexane, 2,4-dimethylpentane and cyclohexane.

The environmental fate and effects of the C4-6 IRRP Fraction stream will be
characterized by n-hexane, 2,4-dimethylpentane, and cyclohexane. A SIDS dataset
exists for cyclohexane. Use of the constituent data to characterize the environmental
fate and effects for this stream is supported by calculated results from the ECOSAR
computer model (ECOSAR, 2004) using EPI Suite™ (2000) modeled input data. The
acute aquatic toxicity data for each of the freshwater fish, daphnid, and green alga
endpoints show that the representative constituent fractions are expected to cause
effects within a relatively narrow range from 0.2 to 4.5 mg/I.

Additional data for this stream used to characterize the aquatic toxicity endpoints were
developed using the ECOSAR computer model (ECOSAR, 2004) provided within EPI
Suite™ (2000). This model applies an equation for neutral organics to estimate aquatic
toxicity and is therefore considered appropriate to estimate aquatic toxicity for the
representative substances. No additional environmental fate and effects testing is
proposed.

Data used to characterize the various physicochemical, environmental fate, and
environmental and mammalian health endpoints are described below.

A. Physicochemical Data

Calculated and measured n-hexane, 2,4-dimethylpentane, and cyclohexane
physicochemical data from the literature are listed in Table 2.
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Table 2. Selected physico-chemical properties for three select constituents used to
characterize the C4-6 IRRP Fraction stream.

Density
(g/cm? at 20°C)

(Riddick et al., 1986)

(Riddick et al., 1986)

ENDPOINT Hexane 2,4-Dimethylpentane Cyclohexane
(°C) (Lide, 2003) (Lide, 2003) (Lide, 2003)
(°C at 1012 hPa) (Lide, 2003) (Lide, 2003) (Lide, 2003)
0.659 0.668 0.774

(Riddick et al., 1986)

Vapor Pressure
(Pa at 25°C)

20,131
(Boublik et al., 1984)

10,586
(Daubert & Danner, 1989)

12,919
(Chao et al., 1983)

Water Solubility
(mg/l at 25°C)

9.5
(McAuliffe, 1966)

5.5

(Yalkowsky & Dannenfelser,
1992)

55.0
(McAuliffe, 1966)

Log Kow

3.90 (20°C)
(Hansch et al., 1995)

3.63 (25°C)
(U.S. EPA, 2000)

3.44 (20°C)
(Hansch et al., 1995)

Below are the physico-chemical properties for four minor constituent chemicals that can
be found in the C4-6 IRRP Fraction stream at levels between 2 and 4%, and which can
vary between production runs. These values were reported in various peer-reviewed
journals and can be found on the TOXNET website (http://www.toxnet.nim.nih.gov/cgil
bin/sis/htmigen?index.html).

TAME : MP =-81.2°C;, BP = 86.3°C; D = 0.770; VP = 12,000 Pa; WS = 5468 mgl/l; log Kow = 1.55
heptane : MP =-90.6°C;, BP = 98.4°C; D = 0.684; VP = 6,133 Pa; WS = 3.4 mg/l; log Kow = 4.5
octane : MP =-56.8°C;, BP = 125.7°C; D = 0.699; VP = 1,880 Pa; WS = 0.66 mg/l; log Kow = 5.2

benzene : MP = 5.5°C;, BP = 80.1°C; D = 0.879; VP = 12,639 Pa; WS = 1.79E3 mg/l; log Kow = 2.13

Conclusion

Based on data identified for n-hexane, 2,4-dimethylpentane, and cyclohexane, the C4-6
IRRP Fraction stream will exhibit a melting range between approximately 6.6 to -119°C,
a boiling range between approximately 68 to 81°C, a density ranging from
approximately 0.6 to 0.8 g/cm?® at 20°C, and a vapor pressure between approximately
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10,500 to 20,100 Pa at 25°C. The predominant constituents of the IRF stream have
water solubilities that range from 5.5 to 55 mg/l at 25°C and Log Koy values that range
from approximately 3.44 to 3.90.

B. Environmental Fate Data

Biodegradation

Biodegradation of an organic substance by bacteria can provide energy and carbon for
microbial growth. This process results in a structural change of an organic substance
and can lead to the complete degradation of that substance, producing carbon dioxide
and water.

A test procedure used to develop data for substances in this stream was OECD 301F
Guideline (Manometric Respirometry Test), which uses a continuously stirred, closed
system, measuring oxygen consumption. This method is recommended when
assessing the biodegradability of poorly water soluble, volatile constituents like those in
this stream. The microbial inocula originated from a domestic wastewater treatment
facility and were not acclimated for the test procedures.

Data for heptane was developed following this method and is available to be used as
read-across for n-hexane. Heptane was evaluated in triplicate test systems at a
concentration of approximately 45 mg/l, and exhibited 74% biodegradation after 28
days, based on ThOD (ExxonMobil, 1996). Linear and methyl branched Cg and Cy
hydrocarbon isomers are expected to biodegrade to similar extents because of their
similarity in structure and the conservative nature of microbial metabolic processes. In
data developed using the Japanese MITI test, for example, n-hexane, at a concentration
of 100 mg/l, achieved 100% of its theoretical BOD in 4 weeks using an activated sludge
inoculum at 30 mg/I (CITI, 1992).

Additional data for n-heptane was also developed following standard methods for the
examination of water and waste water (APHA, 1971). The source of the microbial
inoculum used in this study was a silt loam soil and it was not acclimated. The average
biodegradation based on theoretical biological oxygen demand for n-heptane on days 2,
5, 10, and 20 was 28, 63, 70, and 70%, respectively (Haines and Alexander, 1974).

Biodegradability of cyclohexane was determined following OECD 301F test guidelines.
Cyclohexane was evaluated in triplicate test systems at a concentration of
approximately 34 mg/l, and exhibited 77% biodegradation after 28 days, based on
ThOD (ExxonMobil, 1995). A lag-phase of about 12 days was observed and the 10-day
criteria was fulfilled. The first step of cyclohexane biodegradation is oxidation to
cyclohexanol (Verschueren, 1983). Cyclohexanol can clearly be considered as readily
biodegradable (CITI, 1992). Overall, it can be concluded that cyclohexane is readily
biodegradable in the aquatic environment.

The biodegradation potential of 2,4-dimethylpentane was assessed using data
comparing freshwater experimental biodegradation half-lives with computer model
predictions. Primary biodegradation half-life predictions were made using the
BioHCWin module of the EPISuite v4.0 model, and the results include values for n-
hexane, n-heptane, and 2,4-dimethylpentane of 4.7, 5.5, and 5.6 days, respectively. In
experiments with gasoline and biodiesel hydrocarbons, un-acclimated, freshwater
aerobic biodegradation half-lives were reported by Prince, et.al. (2007, 2008) for n(]
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hexane, n-heptane, and 2,4-dimethylpentane. Prince, et.al., reported half-life values of
6.5, 4.5, and 9.1 days for these three constituent chemicals, respectively. According to
the authors, biodegradation of hydrocarbons followed a semi-sequential process with n-
alkanes degrading first, followed by iso-alkanes. It was also noted that smaller (C5 and
lower) n-alkanes and iso-alkanes degraded slower than their larger (C7 to C12)
counterparts. Degradation of the iso-alkanes favored the 2-methyl form, followed by the
3- and 4-methyl forms, and that the degradation of monomethylalkanes began before
the biodegradation of the n-alkanes was complete. Biodegradation of the di-methyl
hydrocarbons lagged behind the mono-methyl compounds, but were eventually
consumed during the study.

Based on these results, 2,4-dimethylpentane is not expected to persist in the aquatic
environment.

The ether fraction of the stream, which is small (approximately 5%), is not expected to
demonstrate significant biodegradation.

Conclusion

Based on experimental data for n-hexane, n-heptane, 2,4-dimethylpentane and
cyclohexane, as well as QSAR predictions, the C4-6 IRRP Fraction stream is expected
to demonstrate an overall high extent of biodegradation. However, in the environment,
the fate of the C4-6 IRRP Fraction stream constituents have the potential to partition
primarily to air because they have relatively high vapor pressures, which suggests that
they can volatilize to the air at a rapid rate if released.

Photodegradation — Photolysis

Direct photochemical degradation occurs through the absorbance of solar radiation by a
chemical substance in aqueous solution. If the absorbed energy is high enough, then
the resultant excited state of the chemical may undergo a transformation. A
prerequisite for direct photodegradation is the ability of one or more bonds within a
chemical to absorb ultraviolet (UV)/visible light in the 290 to 750 nm range. Light
wavelengths longer than 750 nm do not contain sufficient energy to break chemical
bonds, and wavelengths below 290 nm are shielded from the earth by the stratospheric
ozone layer (Harris, 1982a).

An approach to assessing the potential for a substance to undergo photochemical
degradation is to assume that degradation will occur in proportion to the amount of light
wavelengths >290 nm absorbed by constituent molecules (Zepp and Cline, 1977).
Saturated and unsaturated hydrocarbons like those in the C4-6 IRRP Fraction stream
do not absorb light above 290 nm. Therefore, the hydrocarbon constituents of this
stream will not exhibit photolytic degradation.

Similarly, the oxygen non-bonding electrons in ethers do not give rise to absorption
above 160 nm, which is why pure ether solvents can be used in spectroscopic studies.
Consequently, the ether fraction of the C4-6 IRRP Fraction stream is also not subject to
photolytic processes in the aqueous environment.

Conclusion

Based on the potential for photolysis of hydrocarbons and ethers, this process is not
expected to significantly contribute to the degradation of constituents of the C4-6 IRRP

10
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Fraction stream.

Photodegradation — Atmospheric Oxidation

Photodegradation can be measured (US EPA, 1999a) or estimated using an
atmospheric oxidation potential (AOP) model accepted by the EPA (US EPA, 1999b).
Atmospheric oxidation as a result of hydroxyl radical attack is not direct photochemical
degradation, but rather indirect degradation.

The constituents of the C4-6 IRRP Fraction stream have the potential to volatilize to air,
based on the vapor pressure of three of the predominant constituents, where they are
subject to atmospheric oxidation. In air, C4-6 IRRP Fraction stream constituents can
react with photosensitized oxygen in the form of hydroxyl radicals (*OH). The computer
program AOPWIN (atmospheric oxidation program for Microsoft Windows) (U.S. EPA,
2000) calculates a chemical half-life for a 12-hour day (the 12-hour day half-life value
normalizes degradation to a standard day light period during which hydroxyl radicals
needed for degradation are generated), based on an “OH reaction rate constant and a
defined *OH concentration.

n-Hexane has a calculated half-life in air of 23.4 hours or 1.96 days (12-hour day),
based on a rate constant of 5.46 x 10™'2 cm®/molecule-sec and an *OH concentration of
1.5 x 10° *OH /cm®. 2,4-dimethylpentane has a calculated half-life in air of 18.7 hours or
1.6 days (12-hour day), based on a rate constant of 6.85 x 102 cm*/molecule:sec and
an "OH concentration of 1.5 x 10° *OH /cm>. Cyclohexane has a calculated half-life in
air of 15.1 hours or 1.3 days (12-hour day), based on a rate constant of 8.48 x 1072
cm®molecule-sec and an "OH concentration of 1.5 x 10° *OH /cm?>. Atkinson (1989)
reported experimental *OH rate constants for hexane, 2,4-dimethylpentane, and
cyclohexane of 5.61 x 1072 cm®molecule-sec, 5.16 x 10™2 cm*/molecule-sec, and 7.49
x 1072 cm*/molecule-sec, respectively.

Conclusion

Atmospheric oxidation via hydroxyl radical attack can be a significant route of
degradation for constituents in the C4-6 IRRP Fraction stream. Based on calculated
and experimental values for the three chemicals that are representative of the maijority
of stream constituents, C4-6 IRRP Fraction stream constituents are expected to have
an atmospheric half-life of approximately 2 days or less as a result of indirect photolysis
by hydroxyl radical attack.

Stability in Water (Hydrolysis)

Hydrolysis of an organic chemical is the transformation process in which a water
molecule or hydroxide ion reacts to form a new carbon-oxygen bond. Chemicals with
leaving groups that have a potential to hydrolyze include alkyl halides, amides,
carbamates, carboxylic acid esters and lactones, epoxides, phosphate esters, and
sulfonic acid esters (Neely, 1985). The lack of a suitable leaving group renders a
compound resistant to hydrolysis. Hydrocarbon and ether constituents of the C4-6
IRRP Fraction stream are resistant to hydrolysis because they lack functional groups

11
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that are hydrolytically reactive and Harris (1982b) identifies ether groups as generally
resistant to hydrolysis.

Conclusion

Hydrolysis will not contribute to the removal from the environment of constituents in the
C4-6 IRRP Fraction stream.

Chemical Distribution In The Environment (Fugacity Modeling)

Fugacity-based multimedia modeling provides basic information on the relative
distribution of a chemical between selected environmental compartments (i.e., air, soil,
water, sediment, suspended sediment, and biota). Two widely used fugacity models
are the EQC (Equilibrium Criterion) Level | and Level Ill model (Mackay, 1998a;
Mackay, 1998b).

The input data required to run a Level | model include basic physicochemical
parameters; distribution is calculated as percent of chemical partitioned to 6
compartments (air, soil, water, suspended sediment, sediment, biota) within a unit
world. Level | data are basic partitioning data that allow for comparisons between
chemicals and indicate the compartment(s) to which a chemical may to partition, based
on selected physical parameters. The Level Ill model uses the same physical
parameters as the Level | model, but also requires half-life degradation data for the air,
soil, water, and sediment compartments, as well as emission parameters for the air,
water, and soil compartments.

Results of the Mackay Level | and Level Ill environmental distribution models for three
representative stream constituents are shown in Tables 3 and 4, respectively.

12
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Table 3. Environmental distribution as calculated by the Mackay (1998a) Level |
fugacity model for select constituents used to characterize the C4-6 IRRP
Fraction stream.

2,4-
ENVIRONMENTAL | [ HESANE | DIMETHYLPENTANE SF(SCT"F{?:E%%NNE
COMPARTMENT DISTRIBUTION**
(%) (%)
(%)
Air 99.97 99.98 99.91
Water 0.02 <0.01 0.03
Soll 0.01 0.01 0.06
Sediment <0.01 <0.01 <0.01
Suspended <0.01 <0.01 <0.01
Sediment
Biota <0.01 <0.01 <0.01
* Distribution is based on the following model input parameters for n-Hexane:
Molecular Weight 86.18
Temperature 25°C
Log Kow 3.90
Water Solubility 9.5 g/m®
Vapor Pressure 20,131 Pa
Melting Point -95.3°C
** Distribution is based on the following model input parameters for 2,4-dimethylpentane:
Molecular Weight 100.21
Temperature 25°C
Log Kow 3.63
Water Solubility 5.5 g/m®
Vapor Pressure 10,586 Pa
Melting Point -119.5° C
1 Distribution is based on the following model input parameters for cyclohexane:
Molecular Weight 84.16
Temperature 25°C
Log Kow 3.44
Water Solubility 55.0 g/m°
Vapor Pressure 12,919 Pa
Melting Point 6.6°C

13
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Table 4. Environmental distribution as calculated by the Mackay (1998b) Level lli
fugacity model for select constituents used to characterize the C4-6 IRRP
Fraction stream.

2.4-
ENVIRONMENTAL | | HEFANE - DIMETHYLPENTANE SF(SCT"F{?:E%%NNE
COMPARTMENT E DISTRIBUTION** E

(%) . (%)

(%)
Air 21.3 20.0 15.8
Water 63.3 70.6 67.3
Soil 4.3 2.8 12.9
Sediment 11.1 6.6 4.0

* Distribution for n-hexane is based on the following model input parameters, reaction half-life in hours
as predicted using EPI SuiteTM (2000), and a model default emission rate of 1000 kg/hr into each of
the air, water, and soil compartments:

Molecular Weight 86.18 Reaction half-life (hr):
Temperature 25°C Air (gaseous) 23.5
Log Kow 3.90 Water (no susp. part.) 360
Water Solubility 9.5 g/m® Bulk Soil 720
Vapor Pressure 20,131 Pa Bulk Sediment 7,200
Melting Point -953°C

** Distribution for 2,4-dimethylpentane is based on the following model input parameters, reaction half-
life in hours as predicted using EPI SuiteTM (2000), and a model default emission rate of 1000 kg/hr
into each of the air, water, and soil compartments:

Molecular Weight 100.21 Reaction half-life (hr):
Temperature 25°C Air (gaseous) 18.7
Log Kow 3.63 Water (no susp. part.) 360
Water Solubility 55 g/m3 Bulk Soil 720
Vapor Pressure 10,586 Pa Bulk Sediment 7,200
Melting Point -119.5°C

1 Distribution for cyclohexane is based on the following model input parameters, reaction half-life in
hours as predicted using EPI SuiteTM (2000), and a model default emission rate of 1000 kg/hr into
each of the air, water, and soil compartments:

Molecular Weight 84.16 Reaction half-life (hr):
Temperature 25°C Air (gaseous) 151
Log Kow 3.44 Water (no susp. part.) 360
Water Solubility 55.0 g/m3 Bulk Soil 720
Vapor Pressure 12,919 Pa Bulk Sediment 7,200
Melting Point 6.6°C
Conclusion

Results of the Mackay Level | model suggest that the predominant constituents of the
C4-6 IRRP Fraction stream will partition primarily to the air, >99%. These results are
largely explained by their vapor pressures. In comparison, the Level Ill model suggests
that the majority of the C4-6 IRRP Fraction stream will partition to the water
compartment, approximately 63 to 71%, followed by the air compartment at

14
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approximately 15 to 21%, and soil and sediment compartments at approximately 3 to
13%. These results are explained by the model parameters, but in particular the default
emission rates and degradation half-lives.

C. Aguatic Toxicity Data

Data are available to characterize the potential freshwater fish acute, invertebrate acute,
and freshwater alga toxicity of the C4-6 IRRP Fraction stream, based on data for three
constituents, n-hexane, 2,4-dimethylpentane, and cyclohexane (Tables 5 through 7). n-
Hexane demonstrated a measured 48-hour invertebrate (Daphnia magna) ECsq toxicity
value of 2.1 mg/l (TNO, 1986). A 24-hour LCs, toxicity value for goldfish (Carassius
auratus) of 4 mg/l was also reported by Verschueren (1983) using a modified ASTM
D1345 test guideline (Shell Chemie, 1975). Two marine invertebrate species,
Chaetogammarus marinus and Mysidopsis bahia, demonstrated 96-hour LCs toxicity
values of 0.4 mg/l (TNO, 1986).

The measured n-hexane data were compared with data calculated (Table 5) by the
ECOSAR model (2004). This model is considered appropriate to estimate the aquatic
toxicity for this class of chemicals. The calculated data compared favorably with the
measured data. The calculated freshwater fish acute, invertebrate acute, and
freshwater alga toxicity values ranged between 0.9 to 1.3 mg/I.

Table 5. Measured and calculated aquatic toxicity values for n-Hexane

ENDPOINT MEASU(EI;[/)I)VALUE CALCUL,(AmTSIJE/IE; VALUE*
Fish 96-hr LCsq 4 (Verschueren, 1983) 1.0
Daphnid 48-hr ECs 2.1 (TNO, 1986) 1.3
Alga 72-hr EbCsg na na
Alga 96-hr ECsg na 0.9
Alga 72-hr NOEC na na
Alga 96-hr ChV** na 0.3**
Marine Invert. 96-hr LCsq 0.4 (TNO, 1986) 0.1

na - not available
* Model input parameters for ECOSAR (2004):

Log Kow 3.90
Water Solubility 9.5 g/m®
Melting Point -956.3°C

** ChV (chronic) value

Measured test data was not available for 2,4-dimethylpentane. Measured data for a
suitable analog, n-heptane, was used to compare to modeled 2,4-dimethylpentane
data. are available for a freshwater invertebrate and two marine invertebrate species
(Table 6). n-Heptane demonstrated a 48-hour invertebrate (Daphnia magna) ECsg
toxicity value of 1.5 mg/L (TNO, 1986). Two marine invertebrate species,
Chaetogammarus marinus and Mysidopsis bahia, demonstrated 96-hour LCs toxicity
values of 0.2 and 0.1 mg/L, respectively (TNO, 1986).

15
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The measured n-heptane data were compared with data estimated for 2,411
dimethylpentane (Table 6) by the ECOSAR model (2004). As stated previously, this
model is considered appropriate to estimate the aquatic toxicity for this class of
chemicals. The calculated data compared favorably with the measured data. The
calculated freshwater fish acute, invertebrate acute, and freshwater alga toxicity values
ranged between 0.2 to 2.6 mg/l.

Table 6. Measured and calculated aquatic toxicity values for 2,4-Dimethylpentane.

ENDPOINT MEASU(EI;[/)I)VALUE CALCUL,(AmTSIJE/IE; VALUE*
Fish 96-hr LCsg na 2.2
Daphnid 48-hr LCsq 1.5 (TNO, 1986) 2.6
Alga 96-hr ECs na 2.0
Alga 96-hr ChV** na 0.5
Marine Invert. 96-hr LCsg 0.2 (TNO, 1986) 0.2

na - not available
* Model input parameters for ECOSAR (2004):

Log Kow 3.63
Water Solubility 5.5 g/m®
Melting Point -119.5°C

** ChV - chronic value

Measured cyclohexane data are available for a freshwater fish (Table 7). Cyclohexane
demonstrated a 96-hour fathead minnow (Pimephales promelas) LCs toxicity value of
4.53 mg/l (Geiger, et.al., 1987). The study was performed under flow through
conditions and the results are based on measured concentrations. An additional study
with Rainbow Trout (Oncorhynchus mykiss) reported a 96-hour LLsg toxicity value of 3.2
mg/l (EMBSI, 2001a). The study was performed under static, no-headspace conditions,
with test solutions renewed at 24-hour intervals. Results are based on nominal
concentrations of the test substance. Cyclohexane demonstrated a 48-hour
invertebrate (Daphnia magna) ECs, toxicity value of 0.9 mg/I (TNO, 1986). The lowest
green alga (Selenastrum capricornutum) 72-hour ECsq toxicity value was for biomass
and measured 3.4 mg/l (EMBSI, 1998). Two marine invertebrate species,
Chaetogammarus marinus and Mysidopsis bahia, demonstrated 96-hour LCs toxicity
values of 2.2 mg/l (TNO, 1986). Many other results for cyclohexane are available in the
open literature, but most studies were performed in static open systems without
analytical monitoring. Due to the high volatility of cyclohexane, they therefore cannot be
considered as valid and are not reported here.

The measured cyclohexane data were compared with data calculated (Table 7) by the
ECOSAR model (2004). This model is considered appropriate to estimate the aquatic
toxicity for this class of chemicals. The calculated data compared favorably with the
measured data. The calculated freshwater fish acute, invertebrate acute, and
freshwater alga toxicity values ranged between 2.2 to 3.3 mg/I.
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Table 7. Measured and calculated aquatic toxicity values for Cyclohexane.

ENDPOINT MEASU(EI;[/)I)VALUE CALCUL,(AngE/IE; VALUE*
Fish 96-hr LCsq 4.53 (Geiger, et.al, 1987) 2.8
Daphnid 48-hr LCsp 0.9 (TNO, 1986) 3.3
Alga 96-hr ECs 3.4 (EMBSI, 1998) 2.2
Alga 96-hr ChV** na 0.5
Marine Invert. 96-hr LCsg 2.2 (TNO, 1986) 0.3

na - not available

* Model input parameters for ECOSAR (2004):
Log Kow 3.44
Water Solubility ~ 55.0 g/m®
Melting Point 6.6°C

** ChV - chronic value

Conclusion

The predominant constituent chemical groups of the C4-6 IRRP Fraction stream include
C6 Aliphatics (3 constituents), which when combined can comprise approximately 45%
of the stream, and C7 Aliphatics (6 constituents), which when combined can comprise
approximately 40% of the stream. These combined constituent fractions, which can
comprise up to 85% of the stream, will be responsible for the biological effects exhibited
by the stream as a whole. The aquatic toxicity data for constituents from this stream are
expected to fall within a relatively narrow range regardless of the isomer or mixture of
isomers, because the constituent chemicals are neutral organic hydrocarbons whose
toxic mode of action is non-polar narcosis (Ramos et. al., 1998). The toxic mechanism
of short-term toxicity for these chemicals is disruption of biological membrane function
(Van Wezel and Opperhuizen, 1995), and the differences between toxicities (i.e.,
LC/LLso, EC/ELsp) can be explained by the differences between the target tissue-
partitioning behavior of individual constituent chemicals (Verbruggen et. al., 2000).

The existing fish toxicity database for hydrophobic, neutral organic chemicals, which
compose the constituents of this stream, supports a critical body residue (CBR) for
these chemicals between approximately 2-8 mmol/kg fish (wet weight) (McCarty et al.,
1991; McCarty and Mackay, 1993). The CBR is the internal concentration of a toxicant
that causes mortality. When normalized to lipid content for most organisms, the CBR is
approximately 50 uymol/g of lipid (Di Toro et al., 2000). Therefore, only hydrocarbon
substances with components of sufficient water solubility, such that their molar sum in
solution is high enough to produce a total partitioning to the organism of approximately
50 umol of hydrocarbon per gram of lipid will demonstrate lethality. The C4-6 IRRP
Fraction stream is expected to exhibit acute aquatic toxicity in the range from 0.2 to 4.5
mg/l.

17



ExxonMobil Chemical Company C4-6 IRRP Fraction Stream HPV Program Test Plan

D. Mammalian Toxicity Data

Acute Toxicity

Data are available to characterize the potential acute toxicity of the C4-6 IRRP Fraction
stream, based on data for cyclohexane, n-hexane, n-heptane, and iso-octane suitable
analogs of 2,4-dimethylpentane. Rat oral LDsg values of > 5,000 mg/kg (Phillips
Petroleum Company, 1982a), 29,800 mg/kg (Deichmann and Le Blanc, 1943) and
8,000-39,000 mg/kg (Kimura et al., 1971) have been reported for cyclohexane. The oral
rat LD50 values for hexane are 28,720 mg/kg, or 15,840 and 29,700 mg/kg for juvenile
and adult rats (HSDB, 2005). The dermal LDsg value for cyclohexane was >2000 mg/kg
(Phillips Petroleum Company, 1982c). The inhalation rat LCsy values (4hr) for
cyclohexane, n-hexane and n-heptane were >32.88 mg/L (Phillips Petroleum Company,
1982b), 48,000 ppm, and >29 mg/L (HEDSET, 1982), respectively. Swiss mice (n=4)
were exposed to 1,000, 2,000, 4,000, 8,000, 16,000, 32,000, 64,000 or 128,000 ppm of
iso-octane for 5 minutes. Iso-octane was highly irritating even at the lower
concentrations. At 32,000 ppm, all of the mice stopped breathing within 4 min..
Considerable sensory and motor irritation and irreqular respiration were noted with no
apparent anesthesia (Swann et al., 1974). A 1 hour acute inhalation exposure of rabbits
to cyclohexane vapor produced effects on the central nervous system, with exposure-
related observations including convulsions, tremors, hyperactivity, rapid respiration,
cyanosis and diarrhea; all the animals exposed to 89.6 mg/L died (Treon et al., 1943).

In summary, available acute toxicity data on predominant constituents of the C4-6 IRRP
Fraction stream demonstrated a low order of acute oral, dermal, and inhalation toxicity.
No further testing is proposed.

Genotoxicity
In vitro

Two constituents of the C4-6 IRRP Fraction stream and n-heptane and 2,2,4(°
trimethylpentane as analogs for 2,4-dimethylpentane have been evaluated in several in
vitro genotoxicity assays. Cyclohexane, n-hexane and n-heptane were negative in a
bacterial reverse gene mutation assay (Ames test) in Salmonella typhimurium and/or
Escherichia coli with and without S-9 metabolic activation (Mortlemans et al., 1986;
NTP, 1991; Brooks et al., 1982). n-Hexane and n-heptane showed no evidence of
genotoxic activity in the mammalian chromosomal aberration assays (Daughtrey et al.,
1994; NTP, 1991; Brooks et al., 1982). n-Heptane was also negative in a mitotic gene
conversion assay using Saccharomyces cerevisiae JD1 (Brooks et al., 1982).

Cyclohexane and n-hexane were negative for forward mutations in the mouse
lymphoma L5178Y tk+/- assay (API, 1986; Phillips Petroleum Company, 1982g;
Hazleton Laboratories, 1992). Similarly, cyclohexane was negative in an in vitro sister
chromatid exchange test while n-hexane showed a marginally increased incidence of
sister chromatid exchanges in chinese hamster ovary cells in the presence of S9 (not
dose dependent) (Phillips Petroleum Company, 1982h; NTP, 1991). n-Hexane induced
polyploidy in Chinese hamster lung fibroblast cells (Ishidate et al., 1984). There were
no detected increases in gene mutations at the thymidine kinase (TK) locus or in sister
chromatid exchanges (SCEs) when a human lymphoblastoid cell line, TK6, was treated
with a saturated (5% v/v) solution of 2,2,4-trimethylpentane in cell culture medium for 3
hours in the presence and absence of rat liver S9 fraction (Richardson et al., 1986).
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Cyclohexane was also tested in the unscheduled DNA synthesis test at doses of 102 —
10 and 10™* M in DMSO (Perocco et al., 1983). Human lymphocytes ( + or — S9 mix)
were cultured for 4 hours in the presence or absence of cyclohexane. The effects on
the DNA synthesis were measured through cellular [PH]TdR uptake. Cyclohexane
induced a marked inhibition of [PH]TdR uptake in the S9 mix-lacking cultures while the
corresponding cellular viabilities were unaffected. No effect was seen with metabolic
activation. The effects seen without metabolic activation were not dose-dependent;
solvent controls and negative controls were highly variable. Decrease of the uptake for
the highest dose was within the values of the controls. No conclusion was drawn from
this study. DNA synthesis was inhibited in human lymphocytes in the presence of
concentrations of n-hexane from 10 — 10 M but only at cytotoxic concentrations
(Perocco et al., 1983). Unscheduled DNA synthesis (UDS) was not induced in isolated
male F344 hepatocytes exposed to 2,2.4-trimethylpentane at final media concentrations
of 0.33, 1.00, or 3.33% (high dose may be cytotoxic) (Loury et al., 1986).

Cyclohexane was found to be negative when tested alone in the DNA cell binding assay
in the groups treated with liver extract or with lysozyme and liver extract. A positive
finding (1.6% only) was found in the group treated with cyclohexane + lysozyme at the
highest dose (100 uM). This result is considered doubtful because it is a very slight
increase and also because this effect is not found in the group minus cyclohexane +
lysozyme + liver extract (Kubinsky et al., 1981).

In vivo

In vivo cyclohexane has been studied in a rodent bone marrow cytogenetic assay
(American Petroleum Institute, 1982). Groups of 10 male and female Sprague Dawley
rats were exposed by inhalation to atmospheres of 0, 97, 307 and 1,042 ppm for 6
hours per day for 5 days (350-1,050 -3,650 mg/m3). Samples of bone marrow cells
were taken for cytogenetic analysis 6 hours after completion of the final dose. A
positive control, triethyleneamine, showed a significant increase in structural aberration
frequency. For cyclohexane a small but statistically significant increase in numerical
aberrations was recorded in low and medium dose females, and pooled data at the low
dose groups of both sexes. There was no information on general toxicity; no decrease
on mitotic index was seen at all the doses tested. However, the authors of the report
concluded that the lack of a dose-related response indicated that these increases were
not of biological importance. Moreover, the numerical aberrations parameter had often
shown great variation in this laboratory, having no statistical significance even for
positive controls (numerical data is not available). It can be considered that
cyclohexane does not produce chromosomal aberrations under the conditions of this
test.

Test for the genotoxic potential of n-hexane in vivo have been predominantly negative.
No dominant lethal mutations were induced following n-hexane exposure in CD-1 mice
(Mast et al., 1988b; Litton Bionetics, 1980). Also n-hexane did not induce chromosomal
aberrations and micronuclei in bone marrow cells of B6C3F1 mice injected
intraperitoneally (Shelby and Witt, 1995). A slight, but significant, increase in the
number of chromosomal mutations induced by n-hexane in albino rat bone marrow cells
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has been reported (Hazleton Laboratories, 1992). In addition, an in vivo bone marrow
cytogenetic assay found that male albino rats exposed to 150, 300, and 600 ppm of n-
hexane for 5 days experienced a significant increase in chromosomal aberrations at all
treatment levels compared with controls (Hazleton Laboratories, 1992). No increase in
the incidence of sister chromatid exchanges in in vivo mouse bone marrow cells was
seen with intraperitoneal doses of 500, 1,000, or 2,000 mg/kg n-hexane. (NTP, 1991).
The dosed groups displayed slight increases in chromosomal aberrations, but this
increase was not considered to be significant.

McLaren et al. (1994) investigated the induction of DNA double-strand breaks and poly-
ADP-ribosylation in the renal cortex of male Wistar rats administered 12 mmol/kg
(~1370 mg/kq) of 2,2.4-trimethylpentane via gavage for 5 consecutive days. Treatment
failed to induce poly-ADP-ribosylation or a significant increase in DNA double-strand
breaks in the renal cortex.

In summary, the weight of the evidence for in vitro genotoxicity testing of cyclohexane,
n-hexane, n-heptane, and 2,2 4-trimethylpentane and in vivo genotoxicity testing of
cyclohexane, n-hexane, and 2,2,4-trimethylpentane indicates no strong evidence for
genotoxicity. Based on these data on predominant constituents, no additional testing on
the C4-6 IRRP Fraction stream is proposed.

Repeated Dose Toxicity

A number of repeated dose toxicity studies have been conducted on cyclohexane, n-
hexane, and n-heptane, 2-methylpentane, 3-methylpentane and 2,2 4-trimethylpentane,
as suitable analogs for 2,4-dimethylpentane.

Cyclohexane

A two-week repeated dose inhalation range finding study was conducted with Crl
CD.BR rats exposed (whole body) to cyclohexane vapor (Haskell Laboratory, 1995). In
this study, the rats were exposed to cyclohexane vapor at target concentrations of 0,
3,000, 6,000, and 9,000 ppm. Nine exposures, each lasting 6 hours were performed in
total. A slight but significant decrease in body weight gain was observed in males
treated with the high dose (9,000 ppm). Only a minimal increase in mitotic index figures
in the hepatocytes of males at 6,000 ppm and higher and in females at 9,000 ppm was
detected; no other treatment related findings were observed for systemic toxicity. In
particular, no modification in absolute and relative liver weights was noted in these
studies. Based on these findings, a No Observable Adverse Effect Level (NOAEL) of
3,000 ppm was determined for systemic toxicity. For neurotoxic effects, diminished
responses to stimulus were observed from day 2 at 9,000 ppm and from 7 exposures at
6,000 ppm. No effect was observed in a Functional Observational Battery (FOB). A
NOAEL of 3,000 ppm was reported for neurotoxic effects in rats. This study served as a
range-finding study for a 90 day inhalation toxicity study.

In a 13-week repeated dose toxicity study conducted by Haskell Laboratory, 1996a
(Malley et al., 2000), CD BR rats (20/sex/group for controls and high concentration and
10/sex/group for intermediary concentration groups) were exposed by whole body
inhalation to cyclohexane at target concentrations of 0, 500, 2,000, and 7,000 ppm for 6
hours/day, 5 day/week for 13 weeks (66 exposures). Ten rats per month were allowed
a one-month recovery period for control group and 7,000 ppm groups. After 45 and 90
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days of exposure, blood and urine were collected for evaluation of clinical pathology
parameters. Gross pathology, organ weight, macroscopic and microscopic
examinations were performed at the end of the study.

No treatment-related effects were observed on body weight, body weight gain, food
consumption, urine analysis and clinical examinations. A slight decrease (not
significant) in succinate dehydrogense and lactate dehydrogenase was observed in
males and females at 7,000 and 2,000 ppm at both sampling times. In males exposed
to 7,000 ppm a slight increase in adrenals weight was observed at the end of the
recovery period. This finding was not observed at the end of the 90 day exposure so
the relevance and significance is questionable. In the 7,000 ppm group, a statistically
significant increase in the relative liver weight with hepatic hypertrophy was observed in
males (10/10), concurrent with an increase in the incidence of centrilobular hypertrophy
in both sexes (9/10 males and 5/10 females). This finding was partially reversible in the
one-month recovery period. For neurological effects, decreases in or absences of
response to auditory stimulations were observed with a dose-response relationship from
500 ppm. In the 500 ppm group, there was a decrease in response on treatment days
61, 66, 67 and 68. In the 2,000 ppm group, there was decrease in the response during
16 exposures and no response during 50 exposures. In the 7,000 ppm group, a
decreased response was observed in one exposure and no response was observed in
the other 65 exposures. These effects were transient, and as no clinical observations of
compromised neurological function were detected they were considered to be due to a
reversible sedation caused by cyclohexane. The NOAEL for neurological effects was
500 ppm while the NOAEL for hepatic effects was 2,000 ppm. However, the partially
reversible hepatic effects observed in males at 7,000 ppm were slight and may be
considered of an adaptive nature.

Additional groups of rats (12/sex/group) were treated in parallel with those of the
previous study in order to assess neurotoxicity of cyclohexane in FOB, motor activity
and neuropathology tests (Haskell Laboratory 1996c). Neurobehavioral evaluations
were conducted prior to exposure and at week 4, 8, and 13. During each evaluation
period FOB was performed prior to the motor activity test. At the end of the study, 6
rats/sex/group were selected for neuropathology, the controls and 7,000 ppm tissues
selected were examined, and the intermediate dose tissues were saved. Neurological
lesions were also assessed by examining sections of the brain, spinal cord, sciatic
nerve, gasserian ganglia, cervical and dorsal root fibers and ganglia, cervical and
lumbar ventral root fibers and gastrocnemius muscle.

Similar to the main 90 day study described previously, a sedative effect was observed
at doses of 2,000 ppm and higher characterized by a decrease in the mean response to
an alerting stimulus. This effect was transient since no effects were observed
immediately after removal from the exposure chamber. No effects were observed
during the FOB and motor activity assessment. Histologically, no treatment-related
findings were observed, the only lesions observed being identical in character and
severity to those observed in controls. These have already been described as occurring
spontaneously in the rat. The NOAEL for neurotoxicity was 500 ppm based on the
transient sedative effect observed at 2,000 ppm and higher.

A 13 week inhalation toxicity study (Haskell Laboratory, 1996b; Malley et al., 2000) in
mice was also performed following a 2-week range finding study in mice. The study
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was comparable in experimental conditions to that performed on rats. For neurologic
effects, a NOAEL of 500 ppm was determined based on signs of sedation observed in
animals at 2,000 ppm. The NOAEL for systemic effects was 2,000 ppm based on
effects observed in the liver at 7,000 ppm (increase in absolute and relative liver
weights).

n-Hexane

A fair number of subchronic inhalation studies with n-hexane have been performed,
particularly concerning the neurotoxic potential of n-hexane in rats (Ono et al., 1982;
Pryor et al., 1983; Howd et al., 1983; Cavender et al., 1984a,b; Huang, 1989, 1992;
Biodynamics, 1978, IRDC, 1992; NTP, 1991). Three of these key studies are described.

The subchronic toxicity of n-hexane is of some concern due to reports of treatment
related peripheral neuropathy. A key 13-week inhalation study of n-hexane in male and
female rats provided strong evidence for treatment related peripheral neuropathy.
(Cavender et al. 1984a,b). Male and female F344 rats (15/sex/group) were exposed to
n-hexane at 0, 3,000, 6,500, and 10,000 ppm for 6 hours/day, 5 days/week for 13
weeks. There were no n-hexane-related clinical signs of toxicity, effects on food
consumption, ophthalmological findings, or changes in neurological function. However,
there was a lowering of the urinary pH in high-dose males. There were increased
organ/body weight ratios for liver, kidney, and testis in high-dose males and kidney in
mid-dose males. Histopathological examination of the tibial nerves revealed paranodal
axonal swelling in mid- and high-dose males. n-Hexane is metabolized to 5-hydroxy-2(]
hexanone and 2,5-hexanedione in vivo (DiVincenzo et al., 1976). These two
metabolites are believed to be responsible for the neurotoxicities associated with n-
hexane exposure. There is evidence to show that 2,5-hexanedione is more persistent
in peripheral nerve tissue than the parent n-hexane (Bus et al., 1981).

In a 16-week inhalation toxicity study, male Wistar rats (8/group) were exposed to 0,
500, 1,200, or 3,000 ppm n-hexane for 12 hours/day, 7 days/week (Huang et al., 1989).
Motor nerve conduction velocity was measured in the tail nerve along with body weight
before exposure and after 4, 8, 12, and 16 weeks of exposure. One animal from each
group was sacrificed after 16 weeks of exposure for histopathological evaluation of the
nerve fibers in the tail. In addition, nerve-specific proteins (i.e. enolase and -S100),
involved in processes such as cell-cell communication, cell growth, intracellular signal
transduction, and development and maintenance of the central nervous system, were
measured. Statistically significant reductions in body weight gain were observed in a for
the mid-dose (at 12 weeks) and high-dose (at 8 weeks) rats. Neurological deficits (i.e.
reduction in grip strength and comparative slowness of motion) in mid- and high-dose
rats were noted from 12 weeks of exposure. No hind-limb paralysis was observed by
the time of sacrifice. A reduction in motor nerve conduction velocity, statistically
significant during weeks 8-16, was seen with mid and high-dose rats. In addition
increased incidence of paranodal swelling, along with some evidence of demyelination
and remyelination was present in the peripheral nerves with 1,200 and 3,000 ppm.
These histopathologic findings were most sever in the high-dose group. Dose-
dependent biochemical changes included reductions in nervous system-specific
proteins, particularly the B-S100 protein in tail nerve fibers which was reduced by
approximately 75% at all dose levels. Under the conditions of this study, the NOAEL
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was 500 ppm based on the neurophysiologic deficits and histopathologic effects seen
with 1,200 and 3,000 ppm.

A 13-week inhalation study of n-hexane in mice was conducted in 1991 by the NTP.
Groups of 10 mice/sex/group were exposed to 0, 500, 1,000, 4,000, or 10,000 ppm n-
hexane 6 hours/day, 5 days per week for the duration of the study. A second group of
10 mice was exposed at 1,000 ppm for 22 hours/day, 5 days/week for the duration of
the study. Separate groups of 8 mice/sex/group received identical treatments but were
subjected to neurobehavioral tests before the start of dosing then again after 6 and 13
weeks of exposure. Four males and four females were randomly selected from the 0,
1,000 ppm extended duration, and 10,000 ppm exposure groups for histopathological
examination of the spinal cord and tibial nerves. Animals were observed daily for signs
of clinical toxicity and weighed weekly.

A full necropsy was performed at sacrifice, weights of the major organs were recorded,
and histopathological evaluations were carried out at term on a variety of excised
organs and tissues. The liver was examined only in the males of all exposure groups.
Animals exposed to 10,000 ppm n-hexane exhibited some signs of nasal irritation and
all animals survived to term. Relative liver, kidney, and heart weights appeared to be
increased compared with controls in exposed females. In addition, females exposed to
10,000 ppm 6 hours/day and 1,000 ppm for 22 hours/day exhibited neurobehavioral
deficits with a reduction in locomotor activity. There was an increased incidence of
paranodal axonal swelling in high-dose or extended exposure duration mice. It was
concluded that n-hexane caused minimal toxicity to the nervous system and/or
respiratory system at 1,000 ppm and above indicating a NOAEL of 500 ppm.

2,4-dimethyl pentane (n-Heptane; 2-methylpentane; 3-methylpentane;
2.2 4-trimethylpentane)

A 26-week inhalation toxicity study with n-heptane was conducted in Sprague-Dawley
rats (API, 1980). In this study, the rats (15/sex/group) were exposed by inhalation to 0,
398 and 2,970 ppm n-heptane for 6 hours/day, 5 day/week for 26 weeks. There were
no treatment-related deaths during the study. The only treatment-related observations
were labored breathing or rapid breathing and slight prostration during the first week of
study during exposure only, and anogenital fur staining and dry rales during weekly
observations. No significant changes of body weight, hematology or urinalysis for both
sexes were detected. Serum alkaline phosphatase was significantly elevated in female
high dose rats and slightly elevated in low dose females. All other clinical chemistry
values appeared normal with the exception of one male in the high dose group whose
serum glutamic pyruvic transaminase and serum alkaline phosphatase levels were
markedly elevated when compared to all other male rats on test. Proteinuria, elevated
specific gravity and ketones were observed but do not appear to be related to treatment.
The effects observed are consistent with acute central nervous system (CNS)
depression and generally abated by the second week of the study. Under the
conditions of this study, the Low Observed Adverse Effect Level (LOAEL) for acute CNS
depression was 2,970 ppm and the NOAEL for systemic toxicity was 2,970 ppm.

In an inhalation neurotoxicity study, Sprague-Dawley rats (6-9 males/dose group) were
exposed by inhalation to air or 1,500 ppm n-heptane, 2-methylpentane or 3[]
methylpentane for 9 hours/day, 5 days/week for 30 or 14 weeks (Frontali et al., 1981).
The primary objective of this study was to assess the appearance of polyneuropathy
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and urinary metabolites in rats following exposure to analytical grade solvents frequently
used in Italian shoe factories. Nerve tissue was examined microscopically. None of the
animals developed signs of neuropathy. There were no differences in weight gain of
rats exposed to n-heptane compared to controls. However, a significant decrease in
weight gain of rats treated with 1500 ppm 2-methylpentane was noted. Differences
between mean values for hind limb spreads observed in treated animals and controls
were not statistically significant. No histological signs of giant axonal degeneration were
noted in rats treated at 1,500 ppm. Under the condition of this test, the NOAEL for
repeated dose toxicity was considered to be 1,500 ppm.

Short et al. (1989) exposed male and female F344 rats for 6 hours/day, 5 days/week to
0 (control) or 50 ppm (234 mg/m3) 2,2 4-trimethylpentane via inhalation to characterize
the pathogenesis of a2u-globulin nephropathy. Body weight was the only other endpoint
evaluated. Male rats (three/group) were exposed for 3, 10, 22, or 48 weeks and female
rats (three/group) were exposed for 3, 11, 23, or 50 weeks. The presence of a2ul!
globulin in renal tissues was measured by immunohistochemistry at each time point.
Cell proliferation was determined by measuring incorporation of thymidine administered
during the last exposure week of each exposure period. No significant differences were
noted in body weights or in absolute or relative kidney weights in male or female rats at
any time point with or without treatment. A significant increase in detectable a2ul’
globulin in exposed males, but not females, was observed after 3 weeks of exposure,
compared with controls (p < 0.05). This effect persisted throughout each of the
exposure periods and did not vary with time. In addition, the subcellular localization of
a2u-globulin corresponded with hyaline droplets in serial sections. Examination of the
P2 segment of the proximal tubule of the kidney showed an increase of up to 11-fold in
cell turnover in male rats, starting at 3 weeks and persisting throughout the study. This
proliferative response closely paralleled the extent and severity of
immunohistochemically detectable a2u-globulin in the P2 segment. Neither cytotoxicity
nor a2u-globulin were noted in the P1 or P3 segments. Increased numbers of proximal
tubules affected by chronic progressive nephrosis (CPN) were noted in male rats
exposed to 2,2, 4-trimethylpentane for 22 (7.7 CPN foci/section) or 44 weeks (12.3 CPN
foci/section), compared with controls (0.4 and 5.0 CPN foci/section, respectively). These
lesions contained highly proliferative epithelial cells. Control and exposed female rats
exhibited no evidence of a2u-globulin-related nephropathy, increases in cell turnover, or
chronic nephrosis. In both control and exposed females, the number of CPN foci per
kidney section was 0.3 at 23 weeks and 1.3 at 50 weeks.

In summary, data are available to adequately characterize the repeated dose toxicity of
C4-6 IRRP Fraction stream. The C4-6 IRRP Fraction stream is expected to have a low
order of repeated dose toxicity although some concern is noted based on evidence for

peripheral neuropathy as a result of n-hexane exposure. No further testing is proposed.

Reproductive and Developmental Toxicity

Predominant constituents of the C4-6 IRRP Fraction stream have been evaluated for
reproductive and developmental toxicity.

Cyclohexane

A two-generation reproductive toxicity study of inhaled cyclohexane vapor was
conducted with CD BR rats (Haskell Laboratory, 1997c) according to OECD and US
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Environmental Protection Agency guidelines. In this study, weanling FO rats
(30/sex/group) inhaled cyclohexane vapor at 0, 500, 2,000, or 7,000 ppm 5 day/week
and 6 h/day. Exposure duration was 10 weeks before mating until sacrifice of the P1
generation and 11 weeks before mating until sacrifice of the F1 generation. Gravid
females were not exposed from day 21 of gestation until day 4 of lactation. From day 5
of lactation until weaning the neonates were potentially exposed by maternal milk; no
other exposure was administered. At post partum day 25, thirty F1 animals/sex/dose
were chosen to produce the next generation, treatment was continued 11 weeks before
mating and during gestation. Fertility parameters were calculated. From 500 ppm,
there was an increased incidence of diminished response to a stimulus during
exposure, this finding being significant at 2,000 ppm and higher. At 7,000 ppm, major
effects were observed on body weight, body weight gain and food efficiency. A
decrease in mean body weight was seen with F1 male rats, P1 and F1 females during
pre-mating, P1 females throughout gestation, and F1 females during lactation. A
decrease in mean body weight gain was observed with F1 male rats and P1 and F1
females during pre-mating; however no reductions were seen for P1 females during
gestation, suggesting that the reduction in mean gestation body weight was probably
due to pre-existing body weight deficits established during the pre-mating period. The
same findings were also seen with the F1 generation. A decrease in mean food
efficiency of P1 and F1 females during lactation and a decrease in food consumption of
P1 females during lactation were also observed. Effects on reproduction were limited to
a decrease in mean pup weight for both the F1 and F2 generations at the high dose
which was significant between post partum day 7 and 25 during which time pups were
fed only maternal milk indicating the effect is due to cyclohexane via lactation. There
was a slight increase in the incidence of pro-static inflammation at 7,000 ppm in P1 and
F1 adults, but this was considered incidental due to the lack of severity and the reported
common occurrence in rats. There was a slight but significant decrease in the mean
percentage of animals born alive in the F1 litters dosed with 7,000 ppm, but given that
the value was still in the range of historical controls and that this effect was not dose-
related, this was not considered biologically significant.

The NOAEL for adult reproductive toxicity was 2,000 ppm based on decreases in pup
body weight observed at 7,000 ppm. The systemic NOAEL for this study was 500 ppm
based on sedative effects observed at 2,000 ppm and higher.

In another EPA and OECD guideline study, the developmental toxicity of cyclohexane in
rats was tested (Haskell Laboratory, 1997a). As a pilot study, four groups of eight
pregnant CDBR rats were exposed whole-body to concentrations of 0, 3,000, 6,000, or
9,000 ppm cyclohexane from gestational day 7 to 16. Dams were sacrificed on day 22
and examined for gross pathologies; implantations and resorptions were counted and
their relative positions recorded; fetuses were weighed and examined externally for
alterations. Maternal effects were limited to a reduction in overall maternal bodyweight
gain, overall food consumption and diminished response of animals to a sound stimulus
during exposure to 6,000 ppm and higher. No effects were observed in the pups. The
NOAEL was 3,000 ppm for the dams and 9,000 ppm for the pups.

This pilot study served as a range-finding study used to design a more complete study
which was carried out during the 90 day inhalation study previously described (Haskell
Laboratory, 1997b). Four groups of CD BR rats were exposed whole body to

cyclohexane at concentrations of 0, 500, 2,000 or 7,000 ppm from gestational day 7 to
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16. Animals were sacrificed on day 22 and examined. Findings were limited to the
dams and included a diminished response of the animals to a sound stimulus while in
the chamber during exposure and at 2,000 ppm or higher and reductions in overall body
weight gain and food consumption throughout the treatment period. A slight but
significant decrease in implantation number with the number of corpora lutea
unchanged was seen when compared with controls. This finding was consistent with
slight pre-implantation losses and can be considered as not treatment-related since
there was no treatment during the pre-implantation period. The NOAEL was 500 ppm
for maternal toxicity and 7,000 ppm for developmental toxicity considering the lack of
toxic effects noted.

n-Hexane

The developmental toxicity of n-hexane was assessed using timed-pregnant (30
animals per group) and virgin (10 animals per group) Sprague-Dawley rats exposed to 0
(filtered air), 200, 1,000, and 5,000 ppm n-hexane vapor in inhalation chambers for 20
hours per day for a period of 14 consecutive days (Mast, 1987). Spermpositive females
were exposed on gestation days (GD) 6-19 and virgins were exposed concurrently for
14 consecutive days. Maternal toxicity, manifested as a reduction in extra-gestational
maternal weight gain, was observed at all exposure levels, and was statistically
significant for the 5,000 ppm exposure group. Extra-gestational maternal weight gain
(calculated from GD 0 to GD 20) relative to control animals was reduced for the 200,
1,000, and 5,000 ppm exposure groups. Cumulative weight gain (CWG) for dams in the
1,000 and 5,000 ppm exposure groups was significantly reduced with respect to
controls by GD 20. The CWG for the 5,000 ppm was also significantly reduced with
respect to controls by GD 13.

Comparison of n-hexane exposed groups with the control group (0 ppm) indicated that
gestational exposure to n-hexane did not result in an increase in the incidence of
intrauterine deaths or in the incidence of fetal malformations. A statistically significant
reduction in fetal body weight relative to controls was observed for males at the 1,000
and 5,000 ppm exposure levels. Female weights were also reduced with respect to
controls for these exposure levels, but the reduction was statistically significant for only
the 5,000 ppm group. Gravid uterine weight was also significantly less than controls for
the 5,000 ppm exposure groups. A statistically significant increase in the mean percent
incidence per litter of reduced ossification of sternebrae 1-4 was observed for the 5,000
ppm group, and was positively correlated with exposure concentration. This increased
incidence of reduced ossification in the sternebrae, and the reduction in fetal body
weight at the 5,000 ppm level, may have been inter-related manifestations of slight
growth retardation.

No major abnormalities were found in any of the fetuses. Variations observed included
dilated ureter, renal pelvic cavitation, supernumerary ribs, and reduced skeletal
ossifications at several sites. The increase in mean percent incidence per litter of
reduced ossification of sternebrae 1-4 was statistically significant for the highest
exposure concentration, and the increase was positively correlated with increasing
exposure concentration. The NOAEL for developmental toxicity was 200 ppm.

The effect of n-hexane on the male reproductive system when administered via the
inhalation route was examined by exposing male Sprague-Dawley rats (12-39/group) to
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5,000 ppm n-hexane in either a single 24 hour exposure, repeated 16 hour/day
exposures for up to 8 days, or repeated 16 hour/day exposures, 6 hours/day for up to 6
weeks (De Martino et al., 1987). Rats exposed to 5,000 ppm n-hexane displayed some
evidence of neuropathy such as paralysis. Focal degeneration of spermatocytes and
exfoliation of elongated spermatids was also observed in response to treatment. Early
meiotic prophase spermatocytes and transitional spermatocytes as well as those
undergoing meiotic metaphase appeared to be more susceptible to the action of n-
hexane than pachytene spermatocytes. Rats exposed repeatedly to 5,000 ppm n-
hexane over a 6-week period showed complete atrophy of the seminiferous tubules. In
addition, a reduction in food consumption and body weight gain accompanied by signs
of incipient neuropathy were seen with repeated n-hexane exposure. A wide range of
testicular lesion did not complete resolve during a recovery period even though body
weights and clinical symptoms improved.

Timed-pregnant (~33 females per group) and virgin (10 females per group) Swiss (CD[]
1) mice were exposed to 0, 200, 1,000, and 5,000 ppm n-hexane (99.2% purity) vapor
in inhalation chambers, 20 h/day, for a period of 12 consecutive days (Mast et al.,
1988b). Plug-positive females were exposed on GD 6-17. Maternal body weight at
sacrifice (GD 18) and total cumulative weight gain for dams in the 5,000 ppm exposure
group were significantly reduced with respect to controls; however, this was due to an
exposure correlated reduction in gravid uterine weight, not to a decrease in
extragestational gain. An exposure-correlated decrease in the gravid uterine weight to
extragestational weight gain ratio (significant for the 5,000 ppm group) occurred in the
absence of an effect on placental weight.

Gestational exposure to n-hexane resulted in an increase in the number of resorbed
fetuses for all exposure groups relative to the control group; however, the increases
were not directly correlated to exposure concentration. The differences were statistically
significant for the 200-ppm group with respect to total intrauterine death (early plus late
resorptions), and with respect to late resorptions for the 5,000 ppm group. A small, but
statistically significant, reduction in female (but not male) fetal body weight relative to
the control group was observed at the 5,000 ppm exposure level. There were no
exposure-related increases in any individual fetal malformation or variation, nor was
there any increase in the incidence of combined malformations or variations.

Gestational exposure of CD-1 mice to n-hexane vapors appeared to cause a degree of
concentration-related developmental toxicity in the absence of overt maternal toxicity,
but the test material was not found to be teratogenic. This developmental toxicity was
manifested as an increase in the number of resorptions per litter for all exposure levels,
and as a decrease in the uterine: extra-gestational weight gain ratio at the 5,000 ppm
exposure level. Because of the significant increase in the number of resorptions at the
200-ppm exposure level, a NOEL for developmental toxicity was not established for
exposure of mice to 200, 1,000, or 5,000 ppm n-hexane vapors.

The available data on predominant constituents of the C4-6 IRRP Fraction stream prove
adequate to support a screening level assessment of the reproductive and
developmental toxicity of the IRF stream. Furthermore, these data indicate that the C4(!
6 IRRP Fraction stream is expected to have a low order of reproductive and
developmental toxicity.
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Conclusion

Mammalian toxicology data on three constituents of the C4-6 IRRP Fraction stream,
cyclohexane, n-hexane and n-heptane have shown a low order of acute toxicity by the
oral, dermal and inhalation routes of exposure. Repeated exposure to these
constituents is not expected to produce target organ toxicity with the exception of n-
hexane induced peripheral neuropathy for which some concern is noted. Reproductive
and developmental toxicity potential is considered low. The weight of the evidence for in
vitro and in vivo genotoxicity testing of cyclohexane, n-hexane, and n-heptane indicates
no strong evidence for genotoxicity. The available data compiled for predominant
constituents prove adequate to support a screening level hazard assessment of the IRF
stream. Therefore, no additional human health toxicity testing is proposed.
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Table 8. Mammalian toxicity endpoint summary for cyclohexane.
TOXICITY ENDPOINT RESULTS REFERENCE
Inhalation LC50 > 32.88 mg/L Phillips Petroleum Company, 1982b
Acute Oral LD50 > 5,000 mg/kg Phillips Petroleum Company, 1982a
Dermal LD50 > 2,000 mg/kg Phillips Petroleum Company, 1982c
Skin Skin irritant Phillips Petroleum Company, 1982d;
Irritation Jacobs and Martens, 1987
Eye Minimal irritant Phillips Petroleum Company, 1982¢,f
Sensitizati Not a dermal sensitizer White Eagle Toxicology Labs, 1996;
ensitization

EU Risk Assessment, 2004

Repeated Dose

Rat: NOAEL = 2,000 ppm

Haskell Laboratories, 1996a

Reproductive

NOAEL for Adult Reproductive toxicity = 2,000 ppm
NOAEL for Systemic toxicity = 500 ppm

Haskell Laboratories, 1997e

Developmental

NOAEL for maternal toxicity = 500 ppm (rat, mouse)
NOAEL developmental toxicity = 7,000 ppm (rat)

Haskell Laboratories, 1997¢c,d

Neurotoxicity

For FOB and motor activity assessment, very few effects
were observed. Cyclohexane did not induce
neurobehavioral effects.

TNO, 1998b

In vitro Ames
Salmonella assay

Negative

Mortlemans et al., 1986

In vitro chromosome

Genotoxicity | aperration

In vivo
micronucleus

Negative - Cyclohexane was not clastogenic to rat bone
marrow

American Petroleum Institute, 1982
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Table 9. Mammalian toxicity endpoint summary for n-hexane.
TOXICITY ENDPOINT RESULTS REFERENCE

Inhalation LC50 = 48,000 ppm HEDSET, 1982

Acute Oral LD50 = 28,720 mg/kg HSDB, 2005
Dermal
Skin Mild Irritant — Dermal exposure can lead to peripheral Nomiyama et al., 1973; Spencer et al.,

Irritation neuropathy in humans 1980 & 1987
Eye

Sensitization

Repeated Dose

Rat: NOAEL =500 ppm
Mouse: NOAEL = 500 ppm

Huang et al., 1989; NTP, 1991

Reproductive

Developmental

NOAEL for maternal toxicity = 200, 1,000 ppm (rat, mouse)
NOAEL developmental toxicity = 200 ppm (rat),
LOAEL developmental toxicity = 200 ppm (mouse)

Mast et al., 1987; 1988

Neurotoxicity

Evidence for peripheral neuropathy

Cavender et al., 1984a,b

In vitro Ames . NTP, 1991
Negative
Salmonella assay
In vitro chromosome | Negative Daughtrey et al., 1994; NTP, 1991
- aberration
Genotoxicity
Negative — n-hexane was not clastogenic to mouse bone Shelby and Witt, 1995
In vivo marrow

micronucleus

Positive — n-hexane was clastogenic to albino rat bone
marrow

Hazleton Laboratories, 1992
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Table 10. Mammalian toxicity endpoint summary for 2,4-Dimethylpentane (n-heptane, iso-octane, 2-methylpentane, 307
methylpentane, 2,2,4-trimethylpentane).

TOXICITY ENDPOINT

RESULTS

REFERENCE

Inhalati LC50 > 29.29 mg/L HEDSET, 1982
nhalation
LC50 < 32,000ppm (iso-octane) Swann et al., 1974

Acute

Oral

Dermal

o Skin

Irritation

Eye
Sensitization

Repeated Dose

Rat: NOAEL = 2,970 ppm (n-heptane)

Rat: NOAEL = 1500 ppm (n-heptane, 2-methylpentane, 30
methylpentane)

Rat: LOAEL = 50 ppm (234 mg/m3) (2,2,4-trimethylpentane

American Petroleum Institute, 1980
Frontali et al., 1981

Short et al., 1989

Reproductive

Developmental

Neurotoxicity

No signs of neuropathy and no histological evidence of giant
axonal degeneration were noted in rats.

Frontali et al., 1981

In vitro Ames
Salmonella assay

Negative

Brooks et al., 1982

In vitro chromosome

Negative - mitotic gene conversion assay using
Saccharomyces cerevisiae (n-heptane)

Brooks et al., 1982

micronucleus

aberration Negative — Sister chromatid exchange test (2,2,41 Richardson et al.. 1986
Genotoxicity trimethylpentane) ’
Negative - Unscheduled DNA Synthesis was not induced Loury et al., 1986
In Vivo with 2,2,4-trimethylpentane

Negative — No increase in double strand breaks and no
induction of poly-ADP-ribosylation with 2,2,40]
trimethylpentane

McLaren et al., 1994
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A search for existing studies/information identified adequate data to characterize all endpoints under the U.S. EPA HPV
Program using data from representative constituents of the predominant fractions in the C4-6 IRRP Fraction stream. The
three constituents were n-hexane, 2,4-dimethylpentane, and cyclohexane. Adequate data for n-hexane, 2,4-dimethylpentane,
and cyclohexane are shown in Table 11.

Table 11. n-hexane, 2,4-dimethylpentane, and cyclohexane data availability and adequacy for endpoints in the HPV

Program.
Mammalian Environmental Environmental Physical/Chemical
Toxicity Toxicity Fate Properties
Acute | Genetic | Genetic | Repeat Acute | Acute | Alga |PhotoT] . Melt. | Boil. Vap. |Water
Tox. | Pt. Mut. | Chrom. | Dose DETEL | R, Fish |Invert. | Tox. | deg. nbreliel | 17, | EHeeEy, Pt. Pt. DB Pres. | Sol. Kow
Hexane|] A A A A A A C AIC C T T C A A A A A A A
2,4-
dimeth | A A A - - c |ac|c| T T |c|lac]al|lal|]Aa| Al AalA
ylpenta
ne
Cyclo- 1 5 A - A A A lac | ac |acl T T | C A Al Al Al A]| A ]|A
hexane

A Adequate measured data available
C Adequate computer model data available
T Adequate technical discussion available
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