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Abstract

Gasoline blending stocks (naphthas) are comprised of normal, iso- and cycloparaffins and aromatic hydrocarbons with carbon
numbers ranging from C4 to Cl2. Heavy straight run naphtha (HSRN, CAS number 64741-41-9) was selected for toxicity
screening because substances of this type contain relatively high levels (28%) of cycloparaffins by comparison to other naphtha
streams and the data complement toxicity information on other gasoline blending streams. Rats were exposed by inhalation to
wholly vaporized material at levels of approximately 100, 500, or 3000 parts per million (ppm) daily to screen the potential for
systemic toxicity, neurotoxicity, reproductive toxicity, and developmental effects to postnatal day 4. All animals survived the
treatment period. Principal effects of repeated exposure included increased liver weights in males and females, increased
kidney weights in males, and histological changes in the thyroid, secondary to liver enzyme induction. These changes were not
considered to be toxicologically meaningful and are not relevant to humans. There were no treatment-related effects in
functional observation tests or motor activity; no significant reductions in fertility or changes in other reproductive para-
meters; and no evidence of developmental toxicity in offspring. The overall no observed adverse effect concentration was 3000
ppm (approximately I3 600 mg/m®). In conclusion the HSRN effects on liver and kidney are consistent with the results of other
studies of volatile fractions or other naphthas or formulated gasoline, and there were no HSRN effects on neurological
developmental or reproductive parameters.

Keywords
heavy straight run naphtha, toxicity assessment, gasoline, naphtha reproductive toxicity, repeated dose toxicity, OECD 422, CAS
number 64741-41-9

Introduction streams collectively referred to as low-boiling point naphthas
that have physical and chemical properties that make them
suitable for use in gasoline formulation. Based on definitions
established by the Chemical Abstract Services (CAS), there are
81 low-boiling point naphthas that together comprise a specific
subset of petroleum substances that are sufficiently similar to
be assessed on a collective basis for purposes of human health
characterization. More specifically, these low-boiling point

The US Environmental Protection Agency (US EPA)
announced a voluntary chemical data collection effort in
1998 called the High Production Volume (HPV) Challenge
Program.' The HPV chemicals are those produced or imported
into the United States in aggregate quantities of at least 1 mil-
lion pounds per year. Approximately 400 petroleum substances
were sponsored in the EPA’s Challenge Program by companies
belonging to the Petroleum HPV Testing Group. The various
substances were organized into 13 categories to facilitate data
sharing and to avoid redundant testing. These categories
included crude oil, gases, gasoline, kerosene/jet fuel, gas oils, |, ?
heavy fuel oils, lubricating oils, waxes, aromatic extracts 3She" International, Houston, TX, USA
> > > > C&C Consulting in Toxicology, Meadowbrook, PA, USA

asphalts, grease thickeners, petroleum coke, and hydrocarbon 4 American Petroleum Institute, Washington DC, USA
wastes. This article reports an investigation into the toxicolo-  ®El du Pont de Nemours and Company, Newark, DE, USA
gical hazards of heavy straight run naphtha (HSRN). ¢ Chevron Energy Technology Company, San Ramon, CA, USA

Naphthas are used primarily to manufacture motor gasoline, .

L . . Corresponding Author:
which is a complex material typically composed of over 200 Richard H. McKee, ExxonMobil Biomedical Sciences, Inc, 1545 US Highway 22
petroleum hydrocarbons and trace quantities of performance  gase, Annandale, Nj 08801, USA.
additives. Gasoline is manufactured by blending petroleum  Email: richard.h.mckee@exxonmobil.com

! ExxonMobil Biomedical Sciences, Inc, Annandale, NJ, USA
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naphthas are complex substances comprising hydrocarbons
with carbon numbers predominantly in the range of C4 to C12.

There are 4 general types of hydrocarbon molecules that
may be present in naphthas and other petroleum products: lin-
ear paraffins (including normal, ie, straight chain and iso-, ie,
branched), cycloparaffins (also referred to collectively as
naphthenes), olefins, and aromatics. The designation of each
of the naphtha streams indicates the process by which it was
produced and may also indicate the predominant types of
hydrocarbons that may be present. For example, HSRN is pro-
duced from crude oil by distillation at atmospheric pressure and
has a hydrocarbon range (C6-C12) that is at the higher end of
the naphtha distillation range. The strategy to characterize the
toxicological properties of the naphthas collectively was to
identify reasonable “worst-case” examples that contained the
highest levels of the various types of constituents (ie, paraffins,
olefins, cycloparaffins, and aromatics) and to use these data for
“read-across purposes” to other naphtha streams with lesser
amounts of these various types of hydrocarbons. A further
check to assess whether this strategy was reasonable was to
compare the toxicological properties of the tested naphtha
streams to those of blended gasoline. One complication is that
humans are primarily exposed to the more volatile constitu-
ents of these substances. Thus, in designing toxicological
studies, it is necessary to choose between characterizing the
hazards of the substances versus obtaining data that might be
more directly useful in risk assessment. Early toxicological
studies utilized fully vaporized material as the test substance,
whereas later studies concentrated on the more volatile con-
stituents (“light ends”). The significance of this difference
and its relevance to the use of the data for hazard character-
ization and risk assessment is discussed in more detail in the
discussion section.

Among the previous studies are 3 that assessed the potential
of the volatile constituents of specific types of naphtha streams
to produce systemic toxicity and to also examine the potential
impact of these streams to influence reproductive and/or devel-
opmental processes. The 3 previously characterized naphtha
streams that represented the extremes of paraffins, olefins, and
aromatics, respectively, were as follows:

1. Light alkylate naphtha (CAS number 64741-66-8) is a
stream manufactured by a process involving reaction of
low-molecular-weight olefins and almost entirely (> 99%)
comprised of isoparaffins.*

2. Light catalytically cracked naphtha (CAS number 64741-
66-8) is a stream manufactured by conversion of higher to
lower molecular weight hydrocarbons in the presence of a
catalyst and under conditions of elevated temperature and
pressure. Light catalytically cracked naphthas may contain
as much as 60% olefins.*°

3. Light catalytically reformed naphtha (CAS number 64741-
63-5) is a stream manufactured by a process that removes
hydrogen, converting cycloparaffins into aromatics. Light
catalytically reformed naphthas may contain as much as
40% aromatics.””

There are also data on the systemic, developmental, and
reproductive toxicity of wholly vaporized unleaded gasoline
and its volatile fraction that can be used for comparative pur-
poses.'®'? As a basis for relating blended gasoline to the tested
low-boiling point naphthas, in 1990 the industry average gas-
oline contained 53% paraffins, 33% aromatics, 9% olefins, and
5% cycloparaffins (1990 baseline gasoline as defined in 40
CFR 79.55). More recent survey information documents reduc-
tions in aromatic content and the wider use of ethanol as a
blending component. Between 1995 and 2005, the average
content of retail gasoline was 24.6% aromatics, 11.6% olefins,
63.8% saturates. Revised data on levels of cycloparaffins spe-
cifically have not been published but are likely similar to or
lower than the levels reported in 1990.'

The present study investigated the toxicological hazards
associated with exposure to HSRN (CAS # 64741-41-9). It was
selected to complete the worst-case assessment of petroleum
naphthas because it contains relatively high levels (approxi-
mately 28%) of cycloparaffins in comparison to other naphthas
and to blended gasoline. The results of this study provide a
useful comparison with data from previously tested streams
that contained relatively high amounts of paraffins, olefins,
and/or aromatics. The studies were conducted in accordance
with the guidelines for Organization for Economic Cooperation
and Development (OECD) 422 and US EPA OPPTS 870.3650
(combined repeated dose toxicity study with the reproduction/
developmental toxicity screening test). Parameters assessed
included those associated with systemic toxicity, neurotoxicity,
fertility, and developmental toxicity. However, unlike previous
tests of naphthas, these studies utilized fully vaporized material
as the test substance for reasons described in more detail
subsequently.

The specific objective of the study of HSRN was to com-
plete a data matrix for naphthas based on examples containing
the highest levels of the different hydrocarbon types. The data
matrix was then used in an overall assessment of the members
of the naphtha category to satisfy the data requirements of the
US EPA HPV hazard characterization process. The examples
previously listed represented compositional extremes for par-
affins, olefins, and aromatics. The HSRN that contains the
highest level of cycloparaffins completes the set. The reason
to characterize the hazards is to then conduct risk assessment to
be sure that the hazards are controlled. This introduces a com-
plication because low-boiling point naphthas (and gasoline) are
volatile liquids with wide carbon number ranges. Because of
this relatively high volatility, exposure is largely by inhalation.
The lowest molecular weight constituents are the most volatile,
tend to be overrepresented in the vapor phase, and constitute
the material to which humans would be exposed either during
manufacture of the naphtha streams individually or during
blending and later use of motor gasoline. Thus, there are dif-
ferences between the bulk liquids and the material to which
humans are exposed. The historical strategy was to test the
fully vaporized bulk liquids'’; in later years, there was a shift
in the use of the light end volatile fractions as test materials. In
this particular case, it was necessary to fully vaporize the test
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material in order to assess the toxicological contributions from
the cycloparaffinic constituents that normally would comprise
a very small fraction of the vapor phase material. This creates
the opportunity to compare the results of studies of fully vapor-
ized HSRN and gasoline (representing the substances them-
selves) versus light ends of gasoline and naphthas containing
other constituents (representing the constituents to which
humans would be exposed via inhalation) to determine whether
or not these two approaches lead to similar conclusions from a
risk assessment perspective.

Methods

Test Materials

The test substance was a gasoline blending stock described as
“Naphtha, petroleum, Heavy Straight Run (CAS number
64741-41-9)” produced from crude oil by a process of distilla-
tion at atmospheric pressure followed by treatment with hydro-
gen to remove nitrogen and sulfur. It is a complex substance
composed of hydrocarbons with carbon numbers in the range of
approximately C6 to C12 and a hydrocarbon type distribution
of approximately 53% paraffins (normal and isoparaffins), 5%
olefins, 28% cycloparaffins, and 12% aromatics. Additional
compositional information is provided in Appendix A. The test
material was collected as a single lot from 1 US refinery in
August 2004 and provided anonymously for use in this pro-
gram. The sample was shipped in drums from the refinery and
held at ambient temperature in a storage facility before use in
the toxicity test.

Animal Studies

Male and female Sprague-Dawley rats (CRL: CD[SD]), non-
siblings and nulliparous, were obtained from Charles River
Laboratories, Raleigh, North Carolina. A total of 53 males and
105 females with an age at arrival of approximately 46 days
were received. Of these, 48 males and 48 females were used to
assess the potential for repeated dose effects, and 48 females
were used to assess reproductive and developmental toxicity
(Table 1). The weights at arrival were approximately 146.5 to
185.4 g (males) and 136.8 to 177.2 g (females). The rats were
housed individually in wire mesh cages and apportioned to
experimental groups by a computerized program based on ani-
mal weight. There were no statistically significant differences
in group mean body weights (by gender) among the groups.
The animals were maintained on a 12-hour light/dark cycle, at
temperatures ranging from 18°C to 26°C and relative humidity
ranging from 30% to 70% and given ad libitum access to food
(PMI Nutrition International, LLC Certified Rodent LabDiet
5002, pelleted, manufactured by Purina and supplied by Ani-
mal Specialties and Provisions, Allentown, Pennsylvania) and
water except during periods of exposure or when fasted.

The HSRN was tested in a “combined repeated dose toxicity
study with the reproduction/developmental toxicity test” fol-
lowing the OECD 422 guidelines and using inhalation as the

Table I. Treatment Groups and Exposure Concentrations Used in
the Repeated Dose/Reproductive Toxicity Screening Test of Heavy
Straight Run Naphtha.

Study groups
Atmospheric Subchronic toxicity Reproductive
concentrations, assessment, toxicity assessment,
ppm? males/females® females®
0 12/12 12
100 + 0.8 12/12 12
500 + 2.0 12/12 12
3000 + 8. 12/12 12

*The test substance was administered by whole-body inhalation, 6 hours/d, 7
days/week. Results given as mean + standard deviation.

® Subchronic rats were evaluated for effects associated with repeated treat-
ment. Parameters investigated included general toxicity, neurotoxicity, clinical
pathology, and histology.

€ Females used for the assessment of reproductive effects were evaluated for
effects on developmental and reproductive parameters including reproductive
and developmental toxicity, neurotoxicity, clinical pathology, and histology.

route of test material administration. The animals were divided
into test groups as shown in Table 1.

Rats were exposed on a 6-hour/d, 7-day/week schedule.
Male and female rats scheduled for assessment of systemic
toxicity were sacrificed after 30 (male) or 31 (female) days
of exposure. The female rats scheduled for the reproductive
toxicity assessment were exposed for 14 days prior to mating,
for a maximum of 14 days of mating, and through a 19-day
gestational period for a minimum of 34 days of exposure. Expo-
sures of pregnant dams were discontinued on gestational day 19.
The pregnant female rats were allowed to deliver and held with-
out exposure until the scheduled termination on postnatal day 4.
Females that did not mate were exposed for 54 days.

Inhalation Exposure System

Animals were exposed in 1.4 m> chambers constructed of stain-
less steel and glass (Pesce Lab Sales, Kennett Square, Penn-
sylvania). The chamber volumes were chosen such that the
total volume of test animals was less than 5% of the total
chamber volume.

Targeted atmospheric concentrations were 100, 500, and
3000 parts per million (ppm). Dose selection was based on a
preliminary 14-day, range-finding study in which male and
pregnant female rats were exposed to levels of 250, 1000, or
4000 ppm. Decreased body weight, weight gain, and food con-
sumption as well as increased liver and kidney weights were
found in both male and female rats exposed to 4000 ppm.
Reduced body weights and increased liver and kidney weights
were also observed in males exposed to 1000 ppm. Based on
these observations, the highest exposure level selected for the
full study (3000 ppm) was expected to produce target organ
effects but to not be excessively toxic when administered for a
longer period of time.

Chamber atmospheres were generated by flash evaporation
of the test material in nitrogen. To accomplish this, the liquid
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Table 2. Mean Measured Concentrations (ppm) of 12 Components of Heavy Straight Run Naphtha Which Were Used as Markers to Quantify

Hydrocarbon Vapor Concentrations in the Exposure Chambers.

Component number Component identity 100 ppm 500 ppm 3000 ppm

I 2-methyl Cé + C7 olefin 47 + 06 222 + 05 1283 + 126
2 3-methyl hexane 36 + 04 172 + 0.4 1002 + 9.7

3 t-1,3 — dimethyl cyclopentane 1.5+ 03 7.1 £ 02 414 + 40

4 t-1,2 dimethyl cyclopentane 1.7 + 0.2 79 + 03 459 4+ 4.3

5 n-heptane 73 + 09 344 + 08 2032 + 184
6 Methylcyclohexane 6.8 + 0.8 320 + 0.8 170.1 + 174
7 Toluene 35+ 04 159 + 0.4 959 + 84

8 2-methylheptane 33 + 04 147 + 0.6 895 + 79

9 n-octane 57 + 07 258 + 1.1 1585 + 14.0
10 Ethylcyclohexane 20 + 0.2 87 + 03 532 + 45

Il m-xylene 1.8 + 02 74 + 03 457 + 4.1

12 n-nonane 45+ 07 9.1 + 1.2 1183 + 10.1

test material was metered into round bottom, flash evaporation
flasks. A Harvard Apparatus model 22 Syringe Infusion Pump
(Harvard Apparatus, Holliston, Massachusetts) supplied liquid
test material for the 100-ppm chamber, and Cole-Parmer Mas-
terflex model 7521-40 pumps (Cole-Parmer, Vernon Hills, Illi-
nois) supplied liquid to the 500- and 3000-ppm chamber
evaporation flasks. The flasks were heated to 185°C (control
and 100 ppm groups), 210°C (500 ppm group), or 250°C (3000
ppm group) using Unimantle heaters (VWR, Radnor, Pennsyl-
vania). Brooks model 0154E mass flow controllers (Brooks
Instruments, Hatfield, Pennsylvania) supplied approximately
10 L/min high purity (>99.9%) nitrogen to the evaporation
flasks. (It was necessary to heat the HSRN to convert it into
a vapor. The higher the desired vapor concentration, the higher
the heating temperature required.) The resulting vapors were
swept into the chambers via HEPA-filtered, conditioned air
supply lines. Chamber concentrations were controlled by vary-
ing the test substance feed rates to the evaporation flasks. The
Harvard Apparatus infusion pump, Cole-Parmer Masterflex
pumps, Brooks mass flow controllers, and the Unimantle hea-
ters were controlled and monitored by a customized Camile
Inhalation Toxicology Automated Data System (CITADS;
DuPont, Wilmington, Delaware).

The chambers were exhausted by setting the exhaust airflow
slightly higher than the incoming chamber air supply such that
the exposure chambers would be under slight negative pressure
with respect to the surrounding room. Each chamber air supply
was set to be at least 240 L/min to achieve a minimum of 10 air
changes/hr.

Test substance vapor was monitored approximately once per
hour in each of the exposure chambers by drawing a sample of
the chamber atmosphere through stainless steel tubing to a
Hewlett Packard model 6890 gas chromatograph (GC; Argi-
lent, Santa Clara, California) equipped with a pneumatically
operated gas sample valve and a flame ionization detector.
Samples were automatically injected onto a 30-m J&W Scien-
tific DB-5 fused silica glass column (Argilent) and were chro-
matographed using an oven temperature ramp rate of 10°C/min
from 40 C to 125 C.

The atmospheric concentrations of test substance were
determined from standard curves derived from vapor standards
that were prepared daily. Gas standards were prepared by
injecting known volumes of liquid test material into Tedlar gas
standard bags (SKC Inc, Eighty Four, Pennsylvania) containing
either 5 or 12 L of air.

Throughout the 6-hour exposure periods, GC sample results
were automatically transferred to a CITADS unit. A Camile
Inhalation Automated Reporting and Analysis System (CIRAS;
DuPont, Wilmington, Delaware) collated the results of the
atmospheric sampling.

Nominal concentrations were calculated daily based on the
total daily airflow in a given test chamber, the molecular
weight and density of the test substance, and the volume of
liquid test substance pumped into the vaporization flask.

Since HSRN is a complex substance with numerous compo-
nents, an additional analysis was conducted to assure that all
constituents were delivered to the exposure chambers. To do
this, 12 components (Table 2) that were present at sufficiently
high levels in the HSRN sample (Appendix A) for use as ana-
lytical markers were selected from a cross section of the peak
retention times and concentrations in the exposure chambers
were determined on a weekly basis to confirm that the exposure
conditions were maintained over the entire study period. For
this analysis, samples from all chambers were collected and
analyzed in a separate Hewlett Packard model 6890 plus GC
equipped with a pneumatically operated gas cylinder valve and
a flame ionization detector (Argilent, Santa Clara, California).
Samples were injected onto a 100-m Sep Sys SD-009 column
(Separation Systems, Gulf Breeze, Florida) and were chroma-
tographed using a cryogenic oven with 3 different oven tem-
perature ramp rates starting from 0°C and ending with 262°C.
The total time for each run was 138 minutes.

Gas standards were prepared by injecting known volumes of
HSRN into Tedlar gas standard bags containing known volumes
of air. Concentrations of the 12 components were calculated by
multiplying the percentage volume values by the standard con-
centrations. The cryogenic GC was then calibrated for each
of the 12 peaks using the individual component concentrations.
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The standard curve was entered and an external standard option
using a linear function was selected. The GC Hewlett Packard
Chemstation software calculated the concentrations of each of
the 12 marker components in ppm using a molecular weight of
111 Da, based on a weighted average of the molecular weights of
the individual constituents.

Assessment of Systemic Toxicity

As indicated earlier, rats scheduled for assessment of systemic
toxicity were exposed for either 30 (males) or 31 (females)
consecutive days. The animals were given daily health obser-
vations with more detailed clinical examinations prior to expo-
sure, on a weekly basis during the exposure period and on the
day of scheduled termination. Body weights and food con-
sumption were assessed on a weekly basis.

The systemic toxicity assessment also included an evalua-
tion of the potential for neurobehavioral effects. Rats in this
part of the study were given a neurobehavioral evaluation
preexposure (baseline) and then again after 4 weeks of expo-
sure. The 4-week assessments were conducted prior to initia-
tion of exposure on that specific test day, so they had all been
given an approximately 18-hour, exposure-free period prior
to testing to minimize the potential for any residual acute
central nervous system effects. The neurobehavioral mea-
surements included assessments for approach and touch
response, auditory response, and tail pinch response. Fore-
limb and hind limb grip strength were evaluated (Chatillon
Digital Force Gauge, Columbus Instruments, Columbus,
Ohio), and there was also an assessment of motor activity
during which the rats were placed in activity chambers (Coul-
bourn Infrared Motion Activity System, Whitehall, Pennsyl-
vania) and monitored for 6 consecutive sessions of 10 minutes
each for a total of 60 minutes.

Prior to terminal sacrifice, blood samples were collected
from all the rats. The rats were fasted for 15 hours prior to
sample collection. Blood samples were collected from the orbi-
tal sinus of the animals while they were under carbon dioxide
anesthesia, and additional blood samples for assessment of
coagulation parameters were collected from the abdominal
vena cava at terminal sacrifice. Rats were euthanized by carbon
dioxide anesthesia and exsanguination. Complete blood counts
including reticulocytes were determined on a Bayer Advia 120
hematology analyzer (Siemens Healthcare Diagnostics, Tarry-
town, New York) or determined from microscopic evaluation
of the blood smear. Wright-Giemsa-stained blood smears were
examined microscopically for confirmation of automated
results and evaluation of cellular morphology. Coagulation
times were determined on a Sysmex CA-1000 Coagulation
Analyzer (Siemens Healthcare Diagnostics). Parameters eval-
uated included red blood cell count, hemoglobin, hematocrit,
mean corpuscular (cell) volume, mean corpuscular (cell) hemo-
globin, mean corpuscular (cell) hemoglobin concentration, red
cell distribution width, absolute reticulocyte count, platelet
count, white blood cell count, and differential white blood cell
count. There was also a microscopic blood smear examination,

and clotting parameters (prothrombin time and activated partial
prothromboplastin time) were measured.

Clinical chemistry parameters were evaluated using an
Olympus AU640 Clinical Chemistry Analyzer (Beckman
Coulter, Inc, Brea, California). Parameters evaluated included
aspartate aminotransferase, alanine aminotransferase, sorbitol
dehydrogenase, alkaline phosphatase, gamma glutamyl trans-
ferase, total bilirubin, urea nitrogen, creatinine, cholesterol,
triglycerides, glucose, total protein, albumin, globulin, cal-
cium, inorganic phosphorus, sodium, potassium, chloride, and
albumin/globulin ratio.

Potential target tissues (Table 3) were obtained at terminal
sacrifice. Those indicated were weighed, and these as well as
the other tissues in the list were processed for histological
evaluation. Testes and epididymides were fixed in modified
Davidson solution. All other tissues were fixed in 10%
neutral-buffered formalin. Processed tissues were embedded
in paraffin, and sections approximately 5 to 6 um thick were
prepared and stained with hematoxylin and eosin. All collected
tissues from rats in the control and 3000-ppm exposure groups
were processed to slides and evaluated microscopically. As
there was limited evidence of pathological changes, examina-
tion of tissues in intermediate exposure groups was limited to
gross lesions and specific target organs, identified as liver,
thyroid, and kidney (males only).

Assessment of Fertility and Development

Female rats intended for assessment of fertility and develop-
ment were exposed for 14 consecutive days prior to mating.
During the mating period (2 weeks), the female rats were
cohoused overnight with males until evidence of mating
(intervaginal plug or sperm in the lavage sample was
obtained). The day on which mating was confirmed was des-
ignated gestation day 0. The mated rats were exposed until
gestational day 19, at which time exposures were discontin-
ued, and the rats were transferred to polycarbonate pans for
littering. Once littering occurred (designated as postnatal day
0), the offspring were individually handled and examined for
abnormal behavior and appearance. Dead and/or abnormal
pups were recorded. Gender was determined for all surviving
offspring, and they were individually weighed. On postnatal
day 4, all surviving dams and offspring were weighed and
sacrificed. Procedures followed for euthanasia, necropsy,
gross examination, and tissue collection/fixation of dams
were similar to that performed for other adult rats previously
described. Additionally, these females were examined for the
presence and number of uterine implantation sites and ovarian
corpora lutea. Reproductive organs were processed and exam-
ined microscopically. The following tissues were weighed:
liver, kidneys, lungs, ovaries (with oviducts), and uterus (with
cervix). All offspring surviving to postnatal day 4 were eval-
uated for external abnormalities and then euthanized by intra-
peritoneal injection of sodium pentobarbital. Offspring found
dead or sacrificed in extremis were examined grossly and
discarded.
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Table 3. Tissues Collected for Weight Determinations and/or His-
tological Evaluation in the Repeated Dose/Reproductive Toxicity
Screening Test of Heavy Straight Run Naphtha.

Pathological
Tissue collected Weight  examination
Digestive system
Liver Yes Yes
Stomach No Yes
Duodenum No Yes
Jejunum No Yes
lleum No Yes
Cecum No Yes
Colon No Yes
Rectum No Yes
Urinary system
Kidneys Yes Yes
Urinary bladder No Yes
Respiratory system
Lungs Yes Yes
Trachea No Yes
Cardiovascular system
Heart Yes Yes
Hematopoietic system
Spleen Yes Yes
Thymus Yes Yes
Mandibular lymph node No Yes
Mesenteric lymph node No Yes
Bone marrow (collected with femur) No Yes
Peyer patch (collected with intestine) No Yes
Endocrine system
Thyroid gland No Yes
Adrenal glands Yes Yes
Nervous system
Brain (3 sections) Yes Yes
Spinal cord (3 levels) No Yes
Sciatic nerve No Yes
Musculoskeletal system
Femur/knee joint No Yes
Reproductive system
Testes Yes Yes
Epididymides Yes Yes
Prostate Yes Yes
Seminal vesicles No Yes
Coagulating glands No Yes
Ovaries (with oviducts) Yes Yes
Uterus (with cervix) Yes Yes
Vagina No Yes
Statistical Analysis

Body weight, body weight gain, food consumption, food effi-
ciency, precoital interval, gestation length, corpora lutea,
implantation sites, postimplantation loss, number of pups/litter,
live born index, viability index, clinical chemistry parameters,
and organ weight parameters were tested using the Levene test
for homogeneity'® and the Shapiro-Wilk test for normality.'” If
significant differences were not found in these tests, the data
were analyzed using a test for 1-way analysis of variance'® and
the Dunnett test.'”! If differences were significant in the

preliminary tests, the data were analyzed using the Kruskal-
Wallis test*” and the Dunn Test.*?

Sex ratio (covariate—litter size) and weights of offspring
(covariates—litter size, sex ratio) underwent preliminary test-
ing using the Levene test and the Shapiro-Wilk test as
described earlier. If significance was not found in the prelim-
inary tests, the data were analyzed using analysis of covar-
jance'® and the Dunnett-Hsu test.”* When significance was
found in the preliminary tests, the data were analyzed by non-
parametric analysis of covariance.”

Motor activity and grip strength data were also subjected to
preliminary testing using the Levene test and the Shapiro-Wilk
test as described earlier. If significance was not found in the
preliminary tests, the data were analyzed using repeated mea-
sures analysis of variance *° followed by linear contrasts.”” If
there were significant differences in the preliminary tests, the
data were analyzed by sequential application®® of the
Jonckheere-Terpstra trend test.?’

The descriptive functional observation battery parameters,
mating index, and fertility index were analyzed using sequen-
tial application of the Cochran-Armitage test for trend.'®

Results

Exposure Levels

The mean measured concentrations of test material in the expo-
sure chamber were 100 + 0.8, 500 + 2.0, and 3000 + 8.3 ppm
by comparison to target exposure concentrations of 100, 500,
and 3000 ppm. The nominal concentrations were 101, 584, and
3410 ppm for the 100, 500, and 3000 ppm chambers, respec-
tively. Weekly evaluation of the marker components provided
evidence that stable exposure conditions could be maintained
over the entire study period.

Mortality and in Life Observations

All rats survived the exposure period. There was evidence of
wet fur and red-stained facial fur in animals from the 3000 ppm
exposure groups and also some evidence of red-stained facial
fur among females in the 500 ppm group. But there were no
other observations of exposure-related effects during the treat-
ment period. The pattern of wet fur is consistent with increases
in salivation, lacrimation, and nasal discharge, which are con-
sistent with exposure to substances that are irritating and/or
have unpleasant odors or tastes and also increased urination.

Body Weight Changes

Body weight gains of male and female rats in the 3000 ppm
exposure groups were lower than those of the rats in the control
groups (Table 4). The final body weights of male rats were 5%
(not statistically significant) below control values. The final
body weights of female rats from the systemic toxicity assess-
ment group were 8% (not statistically significant) below con-
trol values. The body weights of female rats in the fertility/
developmental toxicity assessment group were 4% (not
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Table 4. Body Weights of Rats Exposed by Inhalation to Heavy Straight Run Naphtha for 30 (Male) or 31 (Female) Days.

Control 100 ppm 500 ppm 3000 ppm
Males (n = 12)
Day | 301.0 + 14.8 2955 + 134 2936 + 17.6 301.0 + 149
Day 8 345.0 + 234 341.0 + 22.1 326.3 + 357 333.0 + 183
Day I5 381.2 + 33.6 369.6 + 295 3582 + 41.8 3634 + 208
Day 22 405.6 + 37.5 396.9 + 315 381.6 + 42.2 3872 + 242
Day 29 433.7 + 428 4225 + 337 413.6 + 47.1 413.7 + 29.1
Day 31 408.1 + 40.6 395.0 + 29.9 384.6 + 43.9 3844 + 27.7
Females (n = 12)
Day | 2185 + 13.1 2168 + 7.6 218.0 + 10.3 2149 + 10.5
Day 8 2359 + 17.7 231.6 + 9.8 236.0 + 145 2203 + l6.17
Day I5 2433 + 18.1 241.7 + 165 2449 + 195 230.0 + 164
Day 22 258.1 + 214 2519 + 20.7 255.1 + 20.8 2414 + 177
Day 29 269.5 + 23.0 263.7 + 185 266.7 + 27.2 248.1 + 227
Day 32 251.2 + 222 246.6 + 194 2482 + 254 229.5 + 20.9

2 Significantly different from control value (P < .05).

Table 5. Body Weights of Female Rats During the Gestational and 4-Day Postnatal Periods in the Subchronic Toxicity/Reproductive Toxicity

Screening Study of Heavy Straight Run Naphtha.

Control (n = 12) 100 ppm (n = 12) 500 ppm (n = 12) 3000 ppm (n = 11)
GD O 2529 + 177 2528 + 17.8 2499 + 122 2473 £+ 153
GD7 2873 + 187 290.7 + 26.0 287.6 + 20.1 276.3 + 20.5
GD 14 3265 + 26.6 329.7 + 26.1 329.0 + 245 310.1 + 233
GD 21 424.1 + 31.6 4262 + 34.0 4212 + 326 3940 + 293
Postnatal day 0 3073 £+ 219 313.6 + 223 3059 + 223 2856 + 13.5°
Postnatal day 4 3187 + 25.1 319.0 + 25.9 3194 £ 175 296.5 + 18.1

Abbreviation: GD, gestational day.
? Significantly different from control value (P < .05).

statistically significant) below control values at the end of the
mating period. Body weights of female rats at the end of the
gestation period (gestation day 21) were 7% below control
values (not statistically significant), at the start of lactation
(lactation day 0) body weights of 3000 ppm exposed females
were 7% (statistically significant) below control values, but the
differences were no longer statistically significant by study
termination (postnatal day 4; Table 5).

Clinical Chemistry Evaluation

There were no biologically significant, test substance-related
changes in hematological parameters among male or female
rats in the systemic toxicity evaluation. The only statistically
significant changes in hematological parameters were an
increase in reticulocytes and a decrease in neutrophils (Table 6).
These changes were observed at the 3000 ppm level in female
rats in the reproductive/developmental toxicity assessment.
The toxicological significance of the reduction in neutrophil
count in females exposed for 42 to 45 days is uncertain, par-
ticularly as the neutrophil counts were increased although not
significantly different in male (data not shown) or female rats
exposed for 32 days.

Small, statistically significant decreases in glucose levels
were observed in male and female rats from the 3000 ppm

group, and a significant increase in cholesterol was observed
in the 3000 ppm female rats (Table 7). The glucose levels were
elevated in female rats exposed to 3000 ppm for 42 to 45 days,
but the cholesterol levels, although still elevated in the 3000
ppm group, were not significantly different from the control
values. Given that the magnitudes of the differences were small
and that the differences in female rats largely reversed between
32 and 42 to 45 days, these differences seem of doubtful tox-
icological significance.

Systemic Toxicity Assessment

As stated earlier, all rats survived to scheduled termination.
There were some small clinical effects and body weights of
females in the 3000-ppm group were below control values but
for the most part were not significantly different from control
values (Table 4). Liver weights were significantly elevated in
both male and female rats from the 3000-ppm group, and kid-
ney weights were significantly elevated in male rats. However,
there were no significant differences in weights of testes, epi-
didymides, prostate, uterus, or ovaries (Table 8).

The histological findings were limited to the liver, kidney,
and thyroid (Table 9). The liver findings were described as
minimal hepatocellular hypertrophy characterized by an
increase in the size of centrilobular hepatocytes due to an
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Table 6. Summary of Hematology Values Measured in Female Rats Exposed by Inhalation for Either 32 or 42 to 45 Days to Heavy Straight Run

Naphtha.
Exposure level Control (0) 100 ppm 500 ppm 3000 ppm
RBC, x 10%/pL
Day 32 8.13 + 0.27 836 +0.42 820 + 043 811 + 032
Day 42-45 6.83 + 0.44 6.71 + 0.40 6.97 + 0.39 6.95 + 0.36
Hemoglobin, g/dL
Day 32 155 + 0.4 158 + 0.6 156 + 0.7 155 + 0.4
Day 42-45 129 + 0.8 12.8 + 0.6 132 + 0.6 135 + 0.5
Hematocrit (%)
Day 32 464 + 1.4 47.1 £ 1.9 46.8 + 2.2 463 + 1.5
Day 42-45 409 + 2.3 40.8 + 2.0 42.1 + 1.9 419 + 1.9
Reticulocytes, x 103/uL
Day 32 1740 + 403 1684 + 36.8 169.6 + 24.9 204.7 + 49.9
Day 42-45 4659 + 71.7 5104 + 129.7 450.0 + 69.5 360.6 + 89.7°
Neutrophils, x I03/uL
Day 32 1.00 + 0.31 .15 + 0.57 1.72 + 0.96 1.20 + 0.56
Day 42-45 3.62 + 0.90 3.74 + 1.55 3.14 £ 082 2.64 + 0.62°

Abbreviation: RBC, red blood cell.
? Significantly different from control value at P < .05.
b Significantly different from control value at P < .05.

Table 7. Summary of Selected Clinical Chemistry Values for Male and Female Rats Exposed by Inhalation to Heavy Straight Run Naphtha.

Exposure level Control (0) 100 ppm 500 ppm 3000 ppm
Cholesterol, mg/dL
Males, day 31 50 + 18 47 + 13 56 + 12 56 + 12
Females, day 32 74 + 0.15 72 + 12 80 + 20 98 + 18°
Females, day 42-45 79 + 10 8l + 13 82 + 12 84 + 13
Glucose, mg/dL
Males, day 31 110 + 22 102 + 20 98 + 10 92 +7°
Females, day 32 97 + 5 94 + 7 93 + 5 89 + 5%
Females, day 42-45 98 + 8 01 + 14 109 + 14° 105 + 8
? Significantly different from control at P < .05.
Table 8. Mean Terminal Organ Weight Data From Rats Exposed by Inhalation to Heavy Straight Run Naphtha.
Exposure group Liver Kidney Testes Epididymis Prostate Ovaries Uterus
Male rats
Control (0) 12.58 + 1.78 348 + 037 341 + 022 1.22 + 0.08 0.59 £ 0.15 NA NA
100 ppm 11.81 + 1.30 3.60 + 0.46 3.52 + 022 125 + 0.10 0.67 + 0.13 NA NA
500 ppm 12.39 + 1.73 3.78 + 0.63 346 + 0.21 1.20 + 0.08 0.66 + 0.21 NA NA
3000 ppm 15.14* + 1.91 4.12* + 0.52 357 + 0.16 1.25 + 0.11 0.67 + 0.11 NA NA
Female rats
Control (0) 774 + 0.87 2.06 + 0.25 NA NA NA 0.14 + 0.03 0.53 £+ 0.16
100 ppm 7.59 + 0.73 2.00 + 0.26 NA NA NA 0.14 + 0.02 0.62 + 0.22
500 ppm 790 + 0.92 2.10 £ 0.17 NA NA NA 0.14 £+ 0.02 0.56 + 0.16
3000 ppm 9.03% + 1.09 2.12 +0.16 NA NA NA 0.14 + 0.02 0.59 + 0.17

Abbreviation: NA, not available
2P <.05.

increase in nuclear and cytoplasmic area. The thyroid changes
were reported as a low incidence of minimal hypertrophy of
thyroid follicular epithelium. The hepatocellular hypertrophy
was interpreted as the result of increased levels of hepatocel-
lular enzymes due to increased metabolic demands.*® The

increased liver weights and hepatocellular hypertrophy were
not associated with microscopic or clinical pathological
changes indicative of liver toxicity.

The histological findings in the kidneys included increased
hyaline droplet accumulation in the epithelium of the proximal
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Table 9. Summarized Pathology Findings in Rats Exposed by Inhalation to Heavy Straight Run Naphtha.

Male Female
Concentration, ppm 0 100 500 3000 0 100 500 3000
Number of rats 12 12 12 12 12 12 12 12
Liver
Centrilobular hypertrophy
Minimal 0 0 0 2 0 0 0 9
Total 0 0 0 2 0 0 0 9
Thyroid gland
Hypertrophy
Minimal 0 0 0 2 0 0 0 2
Total 0 0 0 2 0 0 0 2
Kidney
Hyaline droplets increased
Minimal | 10 4 0 0 0 0 0
Mild 0 0 8 12 0 0 0 0
Total | 10 12 12 0 0 0 0
Granular casts
Minimal 0 2 5 2 0 0 0 0
Mild 0 I 2 0 0 0 0 0
Total 0 3 7 2 0 0 0 0
Chronic progressive nephropathy
Minimal 7 9 9 I 0 0 0 2
Mild 0 I 3 | 0 0 0 0
Total 7 10 12 12 0 0 0 2

convoluted tubules of the male rats. This was most likely the
consequence of an o2u globulin-mediated process that is male
rat specific and not relevant to other species.’'> However,
histochemical staining to confirm the presence of a2u globulin
was not carried out. Additionally, it was reported that there was
an increase in the presence of granular casts in renal tubules
and slight increases in the incidence and severity of chronic
progressive nephropathy (CPN), a spontaneous aging lesion in
rats. The incidence of CPN in rats is sometimes increased by
exposure to xenobiotics, however, as CPN per se is not relevant
to humans, an increase in CPN due to exposure to other che-
micals is also not considered to be relevant to humans.*'**

Neurological Evaluations

There were no treatment-related differences in forelimb or hind
limb grip strength (data not shown). There were no test
substance-related effects or statistically significant effects for
any behavioral parameter evaluated in this study, approach and
touch, auditory stimulus, and tail pinch (data not shown). In the
motor activity investigation, males in the 3000-ppm group had
significantly lower total duration and number of movements
compared to the control mean values in the baseline and week 4
evaluations (Table 10). In addition, duration and number of
movements were significantly lower for 3000 ppm males dur-
ing the fourth and fifth 10-minute intervals of the baseline
evaluation and during the sixth 10-minute interval of the week
4 evaluation. Number of movements was also significantly
lower for 3000 ppm males during the second 10-minute inter-
val. However, as similar differences were observed in the

pretest and 4-week evaluations, the differences cannot be
attributed to treatment.

Reproductive Toxicity Assessment

There were no test substance-related or statistically significant
differences in the mean number of pregnant animals, number of
animals delivering, mating index, fertility index, precoital
interval, gestation length, number of corpora lutea, number of
implantation sites, or percentage of postimplantation loss for
any exposure concentration (Table 11).

Similarly, there were no test substance-related or statisti-
cally significant differences in the number of fetuses born or
born alive, live born index, viability index, sex ratio, incidence
of clinical observations, or mean offspring body weight on
postnatal days 0 or 4 (Table 12). Mean litter weights on post-
natal day 0 and 4 were slightly lower for the 3000 ppm group
by comparison to control, but this was due to the fact that
1 female in this group delivered while being exposed and lost
5 of 12 offspring between lactation days 0 and 4. All other
3000 ppm litters had 100% viability on postnatal day 4. The
data from the litter delivered in the exposure chamber were not
included in the calculations of offspring growth and viability.

Discussion

The principal objective of this study was to assess the potential
for HSRN (64741-41-9) to cause clinical, hematological, and/
or specific organ effects or to influence reproductive and devel-
opmental parameters in rats exposed by inhalation. There was
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Table 10. Motor Activity Assessment in Male and Female Rats Exposed by Inhalation to Heavy Straight Run Naphtha.?

10-Minute intervals

Concentration | 2 3 4 5 6 Total
Males
Pretest Control 440 + 46 355 + 62 323 + 64 285 + 97 196 + 93 97 + 128 1697 + 352
100 ppm 429 + 37 353 + 45 288 + 65 266 + 109 201 + 128 116 + 120 1663 + 416
500 ppm 425 + 38 343 + 46 281 + 80 230 + 135 190 + 144 108 + 98 1577 + 444
3000 ppm 400 + 64 300 + 84 265 + 93 179 + 146° 87 + 113° 27 + 39 1258 + 388
Week 4 Control 398 + 63 310 + 62 271 + 55 24| + 63 220 + 57 222 + 96 1660 + 275
100 ppm 388 + 56 322 + 43 278 + 67 270 + 72 233 + 8l 226 + 60 1717 + 292
500 ppm 394 + 67 335+ 70 254 + 10l 226 + 71 230 + 85 175 + 85 1612 + 302
3000 ppm 348 + 46 250 + 74 220 + 49 162 + 84 156 + 91 108 + 97 1243 + 295
Females
Pretest Control 390 + 56 259 + 113 168 + 112 191 + 135 179 + 98 157 + 124 1344 + 448
100 ppm 394 + 49 219 + 83 149 + 103 183 + 96 199 + 70 172 + 92 1315 + 365
500 ppm 375 + 72 268 + 149 258 + 107 191 + 109 168 + 115 186 + 96 1445 + 464
3000 ppm 403 + 25 276 + 98 223 + 87 250 + 83 226 + 103 174 + 94 1551 + 330
Week 4 Control 391 + 6l 254 + 61 194 + 68 197 + 76 175 + 62 171 + 69 1380 + 238
100 ppm 373 + 55 251 + 74 215 + 100 201 + 71 192 + 74 170 + 76 1401 + 370
500 ppm 389 + 62 282 + 6l 227 + 83 200 + 80 198 + 67 177 + 79 1473 + 334
3000 ppm 376 + 46 287 + 58 210 + 99 223 + 82 183 + 73 16l + 111 1440 + 367
? Data given as mean duration of movement (seconds). Data given as mean + standard deviation.
® Significantly different from control at P < .05.
Table I 1. Summary of Reproductive Parameters Assessed in a Reproductive Toxicity Screening Tests of Heavy Straight Run Naphtha.
Exposure concentration Control (0) 100 ppm 500 ppm 3000 ppm
Number of females paired 12 12 12 12
Number of female mated 12 12 12 Il
Number of females pregnant® 12 12 12 Il
Number of females with litters 12 12 12 I
Precoital interval, daysb 32 + 09 27 + 0.7 30+ 1.0 29 + 1.2
Gestation length, days 22 + 0.0 219 + 0.3 219 + 03 219 + 0.3
Corpora lutea 16.0 + 1.6 153 + 1.9 159 + 1.3 15.1 + 2.5
Implantation sites 159 + 1.8 153 + 1.9 159 + 1.3 15.0 + 2.6
Postimplantation loss, %° 35 4+ 47 62 1+ 6.3 53 + 6.0 75 + 7.1
? Pregnant = uterine implantation sites.
® Data summarized as mean + standard deviation.
€ Postimplantation loss = ([number of implantation sites — number of pups born]/number of implantation sites) x 100.
Table 12. Survival, Viability, and Growth of Offspring Following In Utero Exposure to Heavy Straight Run Naphtha.?
Exposure concentration Control (0) 100 ppm 500 ppm 3000 ppm
Number of viable litters 12 12 12 I
Number of pups born alive/litter 153 + 1.7 143 + 2.1 151 + 1.7 138 + 24
Number of pups surviving to PND 4 153 + 1.6 143 + 2.1 I5.1 + 1.7 134 4+ 3.1
Viability index 99.5 + 1.7 99.5 + 1.8 100 + 0.0 100 + 0.0
Sex ratio 558 + 142 46.0 + 14.7 514 + 112 459 + 9.7
Pup weight PND 0— combined 65 4+ 0.3 66 + 04 64 + 0.5 62 + 06
Pup weight PND 0—males 6.7 + 03 68 + 04 6.7 + 04 63 + 06
Pup weight PND 0—females 63 1+ 04 64 1+ 05 64 1+ 04 62 1+ 0.7
Pup weight PND 4—combined 10.3 + 0.5 10.6 + 0.7 10.0 + 0.8 9.7 + 1.2
Pup weight PND 4—males 10.5 + 0.5 10.8 + 0.6 103 + 0.9 99 + 1.3
Pup weight PND 4—females 99 4+ 0.6 104 + 0.8 98 + 0.9 96 + 1.2

Abbreviations: PND, postnatal day; SD, standard deviation.
? Data given as mean + SD.
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little evidence of systemic effects in male and female rats
exposed daily, 6 hours/d for at least 30 days at levels up to
3000 ppm (approximately 13 600 mg/m> based on an average
molecular weight of 111). All rats survived the treatment
period with no evidence of untoward effects other than some
evidence of red staining of the fur in some of the rats exposed to
3000 ppm. The red staining provides suggestive evidence of
nasal irritation at high exposure levels of certain types of
hydrocarbons and is consistent with reports of similar findings
in studies of acute, relatively high level exposures to high-
molecular-weight aromatic®> and cycloparaffinic*® constitu-
ents as well as baseline gasoline.

There was also, at best, only limited evidence of clinical,
hematological, or specific organ effects. In the 3000 ppm expo-
sure groups, liver weights were significantly increased in both
male and female rats, and kidney weights were increased in
male rats. The gender specificity of the kidney weight changes
as well as evidence of hyaline droplets in kidneys of male rats
provided evidence that this was most likely a2u-globulin-
mediated male rat nephropathy. The pathological investigation
also provided evidence for an increased incidence of chronic
progressive nephropathy (CPN), particularly in the kidneys of
male rats. Both types of kidney effects are specific to male rats
and not considered to be toxicologically relevant to humans.**-*

The increased liver weights were interpreted by the pathol-
ogist as a compensatory effect due to increased metabolic
demands.*® This interpretation was consistent with the results
of the histological investigation and supported by the fact that
levels of liver enzyme markers were not increased. Increased
liver weights have been reported in previous subchronic inha-
lation toxicity studies of naphthas® and formulated gasoline'’
and are expected based on reports that aromatics and possibly
naphthenic compounds can induce their own metabolism.>”-*®
The pathological investigation also revealed minimal evidence
of thyroid gland hypertrophy. In the laboratory report, this
effect was used to define the no observed adverse effect level
(NOAEL) in the rats. However, the thyroid follicular hypertro-
phy was interpreted by the pathologist as a secondary conse-
quence of the increased metabolizing capacity of the liver.
More specifically, the effects in the thyroid were considered
to have been secondary to increased enzyme induction in the
liver resulting in increased biliary excretion of thyroid hormone
(T4). This results in elevation of thyroid-stimulating hormone
(TSH) that produces hypertrophy of follicular cells. Due to the
species-specific short half-life for T4 in rodents, rats are
uniquely sensitive to thyroid hormone perturbation in associa-
tion with induction of liver enzymes.’* Consequently, the
observation of thyroid follicular cell hypertrophy was not con-
sidered relevant to humans.

There were some statistically significant findings in the
hematological and clinical chemistry investigations, but these
were of doubtful toxicological significance. Reticulocyte count
was significantly reduced in females evaluated at the end of the
postnatal period, but there were no effects on reticulocyte count
in males or females evaluated for systemic toxicity. Addition-
ally, there was no effect of treatment on red cell mass parameters

(hemoglobin content and hematocrit). A reduction in reticulo-
cyte count could be taken as evidence of an effect on red cell
production; however, there were no changes in red cell mass
parameters, and, therefore, no basis for concluding that the
reduction in reticulocyte count was evidence of an adverse tox-
icological process. Neutrophil count was significantly reduced in
females at the end of the postnatal period, but there were no
significant differences in counts from males or females in the
assessment of effects of repeated exposure. The change in neu-
trophil count did not follow a dose—response pattern and, accord-
ingly, this change, although statistically significant, was not
considered to have been biologically meaningful.

The neurological investigation did not reveal any test
substance-related effects on grip strength, functional observa-
tions, or motor activity. Some statistically significant effects
were observed in males exposed to 3000 ppm. However, these
differences were present both in the preexposure (baseline) and
in the 4-week evaluations, and the relative magnitudes of the
differences were similar in both assessments. Accordingly,
these differences were not considered to have been treatment
related.

The studies of fertility and development also provided little
evidence of treatment-related effects. The only occurrence of
note was that mating was not confirmed for 1 dam in the
3000-ppm group, and as a consequence the dam gave birth in
the exposure chamber. This dam lost 5 of 12 offspring during the
4-day postnatal period. However, the data for all other dams in
this group were similar to the control values.

To summarize the HSRN data, repeated exposure of rats at
levels up to 3000 ppm (approximately 13 600 mg/m?) resulted
in increased liver and kidney weights (male rats only) and
histological changes in the thyroid gland. The liver and thyroid
changes were adaptive responses, and the kidney effects were
judged to be male rat specific and not relevant to humans.
There were no effects in the neurological, reproductive, and
developmental parameters assessed in this study. The overall
NOAEL was >3000 ppm, the highest concentration tested.

In previous studies to characterize the hazards of blended
gasoline, liver weight increases, kidney changes in male rats,
and alterations in certain hematological parameters have been
previously reported.'®!" Thus, the results of the study of HSRN
are consistent with those previously reported in studies of
blended gasoline. More importantly, for purposes of this
assessment, no new hazards which would be unique to HSRN,
and by extrapolation naphtha streams enriched in cycloparaf-
fins, were identified. Accordingly, these data provide the nec-
essary information to characterize the potential systemic,
reproductive, and developmental effects associated with expo-
sure to HSRN. Further, as indicated earlier, the data from this
substance that contains relatively high levels of naphthenic
constituents can be used with data from studies of other low-
boiling point naphthas that contain high levels of paraffinic,
olefinic, and/or aromatic constituents, to characterize the tox-
icological hazards of this group of substances.

One issue that these studies do raise relates to the relation-
ship between hazard characterization and risk assessment. As
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Figure |. Comparison of hydrocarbon constituents in bulk motor
gasoline and in the vapor phase. Data taken from McKee et al.'

indicated earlier, gasoline is a complex substance composed
of hydrocarbons ranging from predominantly C4 to C12. As
shown in Figure 1, gasoline constituents are primarily in the
range of C5 to C8.'? In contrast, gasoline vapor is comprised
almost entirely of C4 to C6 hydrocarbons and contains very
low levels of constituents with carbon numbers greater than
C6. Among other things this means that many of the consti-
tuents present in gasoline would not normally contribute to
inhalation exposure, the main route of exposure, and more
specifically that, although gasoline contains primarily paraf-
fins and aromatics, gasoline vapor contains primarily paraf-
fins and olefins. Aromatics and cycloparaffins comprise
almost 40% of bulk gasoline but make almost no contribution
to gasoline vapor. Thus, the results of studies of fully vapor-
ized naphtha, such as the material tested in the current study,
may not be directly useful in assessing the risk to humans
from exposure by inhalation.

Scala'® addressed this issue in an article that summarized
the findings of toxicological studies of fully vaporized gasoline
to that point in time. His position was that the use of fully
vaporized gasoline, at least as an initial assessment, represented
a reasonable basis for hazard characterization. Once the
hazards had been identified, further studies could be conducted
to assess their toxicological significance, if possible determine
which constituents were associated with these hazards, and to
then assess exposure of humans to the complex substance as a
whole and to the particularly problematic constituents. At the
time Scala wrote his article, the principal systemic effect of
gasoline exposure was a pathological change in the kidneys of
male rats which, if continued for a sufficient period of time,
contributed to the development of renal cell tumors. Subse-
quent investigations have shown that the male rat kidney
effects, which in the gasoline studies were associated primarily
with C6 to C10 branched paraffinic molecules, were due to
o2u-globulin-mediated nephropathy and are not relevant to
humans.***

Since Scala’s publication, studies of gasoline blending
stocks have tended to focus on the more volatile constituents,
as these are the components to which humans are most likely to
be exposed. However, the results of these more recent studies
of “light ends” have been similar to those previously reported.
Many of the studies have reported male rat kidney effects and
liver enlargement although the liver weight increases were not
always statistically significant.>>"® Several of these articles
also reported hematological effects.?>”:® None of the
naphthas®*®” or blended gasoline'*'* has been reported to
affect reproductive or developmental parameters when tested
at exposure levels that approximated half of the lower explo-
sive limits. Taken together, the effects of the various naphtha
streams seem reasonably similar to each other and to blended
gasoline. Accordingly, the strategy of testing streams with the
highest levels of the various types of constituents seems to have
been an effective means of characterizing the hazards of low-
boiling point naphthas and blended gasoline. Neither the vola-
tile light ends of naphthas nor their wholly vaporized counter-
parts were found to pose selective toxicological hazards
relevant to human health risk assessment.

As an overall summary, studies of gasoline and low-boiling
point naphthas that are used in gasoline blending in assess-
ments of the potential for repeated dose and/or reproductive
or developmental toxicity provide little evidence for hazards
relevant to human health risk assessment. Although these sub-
stances can produce acute central nervous system effects and/or
eye and respiratory irritation at high exposure levels and can
cause chemical pneumonitis if taken into the lungs as liquids,
they do not produce toxicologically important target organ
effects or nonacute effects on the nervous system, and they
do not produce developmental toxicity or influence reproduc-
tive parameters. There were no important differences that were
related to the constituents of the naphthas or to whether the
tests were conducted on wholly vaporized material when com-
pared to the volatile fractions. As the studies covered examples
of the compositional extremes, the results can be generalized to
cover all 81 low-boiling point naphthas.

Appendix A

Compositional Information for Naphtha, Petroleum,
Heavy Straight Run, CAS # 64741-41-9

Component % by % by % by
number Component name weight volume molecule
I 2,3-dimethyl butane 0.008 0.009 0.010
2 2-methyl pentane 0.065 0.075 0.085
3 3-methyl pentane 0.086 0.096 O.111
4 n-hexane 0.183 0.207 0.239
5 Methyl cyclopentane + 0.679 0.676 0.904

2,2-dimethyl pentane
6 2,4-dimethyl pentane 0.143 0.158 0.160
7 Benzene 0.109 0.093 0.157
(continued)
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Appendix A. (continued)

Appendix A. (continued)

Component % by % by % by Component % by % by % by
number Component name weight volume molecule number Component name weight volume molecule
8 3,3-dimethyl pentane + 0.046 0.050 0.052 51 C9-olefin 0.117 0.121  0.104
5 methyl cyclohexene 52 2,2,4-trimethyl hexane 0.024 0.025 0.021
9 Cyclohexane 0.504 0.483 0.671 53 Unidentified 0.053 0.055 0.046
10 2-methyl hexane + 4.159 4571 4.652 54 2,3,5-trimethyl hexane 0.049 0.051 0.043
C7 olefin 55 Cis-2-octene 0249 0.256 0.248
I 3-methyl hexane 3284 3572 3.673 56 2,2,3,4-tetramethyl pentane 0.056 0.057  0.049
12 t-1,3-dimethyl 1.487 1472 1.698 57 c-1,2-dimethyl cyclohexane 0.339 0.316 0.339
cyclopentane 58 2,4-dimethyl heptane 0420 0.439 0367
13 c-1,3-dimethyl 1.349 1.344 1540 59 C9-olefin 0.070 0.072 0.062
cyclopentane 60 Ethylcyclohexane 2095 1984 2093
14 t-1,2-dimethyl 1.632 1.621 1.863 6l 2-methyl, 4-ethyl hexane 0.056 0.058 0.049
cyclopentane 62 2,6-dimethyl heptane 0.829 0.859 0.724
15 3-ethylpentane 0.244 0260 0.273 63 C9-olefin 0.131 0.135 O.117
16 2,2,4-trimethyl pentane 0.040 0.043 0.039 64 C9-olefins 0.941 0967 0.836
17 C7-olefin 0.008 0.008 0.009 65 C9-olefins 0.171  0.176 0.152
18 n-heptane 6.727 7339 7525 66 2,5- and 3,5-dimethyl 0718 0.739 0.628
19 Methylcyclohexane 7.067 6858 8.068 heptane
20 1,1,3- 0.486 0.485 0.485 67 C9-olefins 0.122 0.126 0.109
trimethylcyclopentane 68 3,3-dimethyl heptane 0207 0.214 0.18I
21 2,2-dimethylhexane 0.062 0.066 0.061 69 Unidentified 0332 0344 0.290
22 Ethyl cyclopentane 1219 1.188  1.392 70 C9-isoparaffin 0.218 0223 0.190
23 2,2,3-trimethylpentane 0011 0.012 0.0Il 71 Ethylbenzene 1.024 0.882 1.082
24 2,5-dimethyl hexane + 0.504 0.539 0494 72 t-1,2,4-trimethyl 0.352 0336 0312
C8 olefin cyclohexane
25 2,4-dimethylhexane 0.594 0.633 0.583 73 2,3,4-trimethylhexane 0.625 0.631 0.546
26 t, c-1,2,4-trimethyl 0.949 0.948 0.948 74 C9-olefins 0.087 0.089 0.077
cyclopentane 75 3,3,4-trimethylhexane 0.153 0.153 0.134
27 3,3-dimethyl hexane + 0.078 0.081 0.076 76 m-xylene 2,000 1.728 2112
C8 olefin 77 p-Xxylene 0.710 0.615 0.749
28 t-c-1,2,3 trimethyl 0.659 0.653 0.658 78 2,3-dimethyl heptane 0.518 0.530 0453
cyclopentane 79 3,4-dimethyl heptane 0.064 0.066 0.056
29 2,3,4-trimethyl pentane 0.067 0.069 0.065 80 Unidentified 0.067 0.069 0.060
30 Toluene 3.707 3.191 4510 8l C9-olefin 0.150 0.154 0.134
31 C8-olefin 0.198 0.207 0.197 82 3-methyl, 3-ethyl hexane 0246 0.248 0215
32 2,3-dimethyl hexane 0.397 0416 0.390 83 4-ethyl heptane 0.101 0.104 0.089
33 2-methyl, 3-ethyl pentane  0.159 0.166  0.157 84 4-methyl octane + 0.884 0916 0.773
34 2-methyl heptane 3.088 3.301  3.030 C9-olefin
35 4-methyl heptane 1.026 1.062 1.007 85 2-methyl octane 1215  1.275  1.061
36 C7-diolefin + C8 olefin 0.192 0202 0.192 86 Unidentified 0.033 0.035 0.029
37 C8-olefins 0.162 0.170 0.162 87 C9-isoparaffin 0.139 0.144 0.122
38 t-1, 4-dimethyl cyclohexane 1.968 1.866 1.967 88 3-ethyl heptane 0371 0379 0324
39 3-methylheptane 2529 2673 2482 89 3-methyl octane 1431 1473 1.250
40 3-ethylhexane 1.226 1.281 1.203 90 C9-olefin 0.137 0.139 0.121
41 C8-olefin 0.252 0.263 0.251 9l c-1,2,4-trimethyl 0.092 0.088 0.082
42 Clethyl-3-methyl 0814 0.788 0.8I3 cyclohexane
cyclopentane 92 I,1,2-trimethyl cyclohexane 0.149 0.145  0.132
43 t-1-ethyl, 3-methyl 0.749 0.727 0.748 93 o-xylene 1.178 0999  1.243
cyclopentane 94 C9-olefin 0.089 0.090 0.079
44 t-ethyl, 2-methyl 0715 0.691 0.714 95 C9-olefin 0.I51 0.154 0.134
cyclopentane 96 C9-olefin 0.021 0.021 0.0I8
45 I-methyl, |-ethyl 0.077 0.073  0.077 97 Unidentified 0.021 0.021 0.019
cyclopentane 98 t-|-ethyl, 4-methyl 0532 0498 0473
46 t-1,2-dimethyl cyclohexane 0.872 0.839 0.871 cyclohexane
47 t-1,3-dimethyl cyclohexane 0.070 0.067  0.070 99 c-1-ethyl, 4-methyl 0.820 0.767 0.728
48 c-1,4-dimethyl cyclohexane 1.317 1.262 1316 cyclohexane
49 n-octane 5571 5913 5.466 100 C9-isoparaffin 0427 0435 0373
50 C9-olefin 0.173 0.179  0.153 101 I-nonene 0.099 o0.101 0.088
(continued) (continued)
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Appendix A. (continued) Appendix A. (continued)
Component % by % by % by Component % by % by % by
number Component name weight volume molecule number Component name weight volume molecule
102 Isobutyl cyclopentane 0.146 0.139 0.130 155 Unidentified 0.156 0.133 0.145
103 Unidentified 0.069 0.066 0.062 156 CIl0-isoparaffin 0202 0.205 0.159
104 Unidentified 0.015 0.0I5 0014 157 C|0-isoparaffin 0.176 0.179 0.138
105 Cis-3-nonene 0.066 0.067 0.058 158 Isobutyl cyclohexane 0.075 0.070 0.059
106 C9-isoparaffin 0.019 0.019 o0.0l6 159 Unidentified 0.019 0.020 0.0l6
107 n-nonane 4325 4495 3.780 160 CI0-isoparaffin 0.071 0.072 0.057
108 Trans-2-nonene 0511 0516 0453 161 Cl0-isoparaffin 0.031 0.032 0.025
109 I-methyl, |-ethyl 0.170 0.157 0.I51 162 C|0-isoparaffin 0.009 0.009 0.007
cyclohexane 163 Isobutyl benzene 0.046 0.040 0.039
1o I-methyl, 2-propyl 0.017 0.0l6 0.015 164 C|0-isoparaffin 0.077 0.078 0.06l
cyclopentane 165 n-decane 1.893 1935 1.491
11 Isopropyl benzene 0.130 0.113 0.122 166 CI I-isoparaffin 0.019 0.019 00I3
112 Cis-2-nonene 0.029 0.030 0.026 167 Unidentified 0.033 0.034 0.024
113 t-butyl cyclopentane 0.117 0.1l 0.104 168 ClI I -isoparaffin 0.025 0.025 0.0I8
114 C9-olefins 0316 0.320 0.281 169 1,2,3-trimethylbenzene 0276 0230 0.257
115 C9-olefin 0.249 0.252  0.221 170 Unidentified 0.020 0.017 0.017
116 Isopropyl cyclohexane 0229 0.213 0.204 171 I-methyl, 3-isopropyl 0016 0.014 00I4
17 2,2-dimethyl octane 0.128 0.131 0.101 benzene
118 Unidentified 0.021 0.021 0.0l6 172 I-methyl, 4-isopropyl 0.039 0.034 0.033
119 Unidentified 0016 0.017 0.0I3 benzene
120 Unidentified 0.102 0.096 0.082 173 ClI I-isoparaffin 0.085 0.086 0.06l
121 I-methyl, 4-isopropyl 0247 0.232 0.197 174 CI I-isoparaffin 0.012 0.012 0.009
cyclohexane 175 Unidentified 0.016 0.012 0.015
122 Sec-butyl cyclopentane 0.567 0.536 0.503 176 2,3-dihydroindene 0.169 0.131 0.160
123 2,6-dimethyl octane 0.097 0.100 0.077 177 Sec-butyl cyclohexane 0238 0.218 0.191
124 2,5-dimethyl octane 0.109 0.110 0.086 178 Unidentified 0.036 0.037 0.026
125 Butyl cyclopentane 0310 0.294 0.275 179 Unidentified 0.008 0.007 0.007
126 Unidentified 0.099 0.093 0.088 180 3-ethyl nonane 0.061 0.062 0.044
127 3,6-dimethyl octane 0.730 0.737 0.575 181 ClI | -isoparaffin 0.038 0.039 0.028
128 I-methyl, 2-ethyl 0.104 0.095 0.092 182 CI10-naphthene 0.112 0.103 0.089
cyclohexane 183 Cl I-isoparaffin 0.122 0.122 0.109
129 Unidentified 0.054 0.050 0.048 184 |,3-diethyl benzene 0.051 0.044 0.043
130 C10-olefin 0.133 0.134 0.107 185 I-methyl, 3-propyl benzene 0.197 0.170 0.164
131 Propyl benzene 0470 0.407 0438 186 |,4-diethyl benzene 0.019 0.016 00I6
132 3,6-dimethyl octane 0.449 0455 0.354 187 I-methyl, 4-propyl benzene 0.059 0.051  0.049
133 3-methyl, 5-ethyl heptane  0.074 0.074  0.058 188 Butyl benzene 0.061 0.053 0.05I
134 C10-olefin 0.100 0.101 0.080 189 3,5-dimethyl |-ethyl 0.067 0.058 0.056
135 I-ethyl, 3-methyl benzene  0.733 0.632  0.683 benzene
136 I-ethyl, 4-methyl benzene  0.417 0.362 0.389 190 Unidentified 0.029 0.025 0.024
137 Unidentified 0.026 0.023 0.024 191 |,2-diethyl benzene 0.029 0.025 0.024
138 C10-naphthene 0.081 0.076 0.065 192 ClI I-isoparaffin 0.031 0.031 0.022
139 1,3,5-trimethyl benzene 0.604 0.521 0.564 193 C10 aromatic 0.033 0.028 0.028
140 2,3-dimethyl octane 0.055 0.055 0.043 194 Cl0-aromatic 0.087 0.075 0.073
141 Unidentified 0.074 0.075 0.058 195 |-methyl, 2-propyl benzene 0.064 0.054 0.053
142 5-methyl nonane 0.231 0.235 0.182 196 Unidentified 0.005 0.005 0.004
143 4-methyl nonane 0556 0.563 0.438 197 4-methyl decane 0.059 0.055 0.042
144 2-methyl nonane 0.492 0.504 0.387 198 Cl I -isoparaffin 0.065 0.061 0.047
145 I-ethyl, 2-methyl benzene  0.332 0.280 0.309 199 I,2-dimethyl, 2-ethyl 0.059 0.050 0.049
146 C10-naphthene 0.148 0.136 0.118 benzene
147 Unidentified 0.025 0.025 0.020 200 I,3-dimethyl 4-ethyl 0.053 0.045 0.044
148 3-methyl nonane 0480 0.489 0.376 benzene
149 Unidentified 0.081 0.081 0.065 201 3-methyl decane 0.0l16 0.016 0.0II
150 Unidentified 0.093 0.093 0.074 202 Unidentified 0.058 0.058 0.042
151 C10-olefin 0.041 0.042 0.033 203 |,2-dimethyl 4-ethyl ben- ~ 0.068 0.058  0.057
152 Unidentified 0.118 0.120 0.093 zene + Cl-indan
153 C|0-isoparaffin 0.051 0.052 0.040 204 Cl | -isoparaffin 0.010 0.010 0.007
154 1,2,4-trimethyl benzene 0.750 0.639 0.700 205 I,3-dimethyl 2-ethyl 0.029 0.024 0.024
benzene
(continued)
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Appendix A. (continued)

Component % by % by % by

number Component name weight volume molecule

206 Unidentified 0.006 0.005 0.005

207 Unidentified 0.008 0.008 0.006

208 ClI I-isoparaffin 0.018 0.017 0.0I3

209 Cl I-isoparaffin 0.015 0.014 001l

210 I-methyl, 4-tert butyl 0.021 0.018 0.0I6
benzene

211 I,2-dimethyl| 3-ethyl 0.024 0.020 0.020
benzene

212 n-undecane 0.154 0.155 0.110

213 I-ethyl, 4-isopropyl 0.020 0.018 0.0I5
benzene

214 1,2,4,5-tetramethyl 001l 0.009 0.009
benzene

215 1,2,3,5-tetramethyl 0.020 0.017 0.017
benzene

216 Cl2-isoparaffin 0.009 0.009 0.006

217 CI I-aromatic 0.009 0.007 0.006

218 I-ethyl, 2-propyl benzene  0.012 0.010  0.009

219 Cl l-aromatic 0.004 0.004 0.003

220 I-methyl, 3-butyl benzene  0.012 0.010  0.009

221 1,2,3,4-tetramethyl ben- 0.010 0.009 0.009
zene + Cl | aromatic

222 Cl l-aromatic 0.01l1 0.009 0.008

223 n-dodecane 0.005 0.005 0.0030
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