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ABSTRACT

Rats and monkeys were exposed to 1552 and 384 ppm unleaded gasoline vapor or 374 and
103 ppm leaded gasoline vapor 6 hours per day, 5 days per week, for 90 days. No
remarkable changes were found during the experimental period. Specific parameters in-
vestigated included body weight, hematology, CNS response, pulmonary function tests,
urinalysis, deposition of IgG in the renal glomerulus, lead levels in blood, urine, and tis-
sue, organ weights, organ to body weight ratios, and histopathology. Despite sporadic
statistically significant changes in some of the above parameters, no patterns suggesting
biological significance were established. However, upon subsequent reevaluation of the
kidney histopathology, male rats exposed to 1552 ppm unleaded gasoline displayed
regenerative epithelium and dilated tubules in the kidneys. The significance of this obser-
vation is not yet understood. ' '

'INTRODUCTION

GAsoum-:s are exceedingly complex mixtures of aromatic hydrocarbons, alkanes, cycloalkanes,
and olefins boiling in a range of 80-345°F. The exact composition of gasolines varies depending
on the crude oil source, the refining conditions, and so on. Organometallic compounds are added in
relatively small amounts in order to produce desired handling, storage, and combustion properties.

The literature is relatively sparse with respect to gasoline toxicity studies. The earliest animal
study, by Haggard (1921), defined the acute anesthetic and toxic effects of gasoline vapors in dogs.
Central nervous system effects were observed at about 10,000 ppm, and death was observed at about
25,000 ppm. Lykke and Stewart (1978) exposed rats for 6-12 weeks to 100 ppm of a commercial 98
octane leaded gasoline. They found progressive focal interstitial fibrosis of the lung that was
associated with irregular alveolar collapse. Gasoline vapor exposures in humans were investigated by
Drinker et al. (1943), who observed signs of eye irritation at 700 ppm and slight anesthesia at 2600
ppm.

Much of our knowledge regarding the toxicity of gasoline derives from cases involving gasoline
sniffers who deliberately inhale gasoline at exposures well in excess of those noted above. Clinical
observations include signs of central and peripheral nervous system abnormalities, muscle atrophy,
and hepatic and renal damage (Robinson, 1978). Irreversible encephalopathy has been attributed to
added organic lead and not to the gasoline hydrocarbon itself (Valpey et al., 1978).

'Exxon Corporation Medicine & Environmental Health Depariment, Research & Environmental Health Divi-

sion, East Millstone, New Jersey.
?Huntingdon Research Center, New City, N.Y. Current address: International Research and Development

Corporation, Mattawan, Michigan.
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KUNA AND ULRICH

In order to examine the subchronic effects of gasoline exposures and to set exposure levels for a
chronic inhalation study, a comprehensive 90-day subchronic study using rats and monkeys was ini-
tiated with leaded and unleaded gasoline. The results of the investigation are presented in this paper.

MATERIALS AND METHODS

Test Material
An unleaded EPA reference fuel (Fuel A) and a commercially available leaded gasoline (Fuel B)

were used. The compositional information is presented in Table 1.

Animals

One hundred male and one hundred female Sprague-Dawley albino rats, weighing between 100
and 150 g were obtained from Charles River Breeding Laboratories. The rats were randomly divided
and caged into S groups of 20 males and 20 females each in stainless steel wire mesh cages. Purina
Rodent Diet and tap water were available ad libitum. Rats were acclimatized to the laboratory en-
vironment for 2 weeks prior to the commencement of exposures.

Thirty male and thirty female squirrel monkeys (Saimiri sciureus), weighing between 0.5 and 1.0
kg, were obtained from Prime Labs (Monmouth County Airport, Farmingdale, New Jersey). Each
monkey was weighed and marked with an identifying number (chest tattoo) upon receipt. All
monkeys were observed for an 8-week period prior to the commencement of exposure. During this
time, they were tuberculin tested twice (250 TU in the palpebral fold), treated with an antihelminthic

TABLE 1. CoMPOSITIONAL PROPERTIES OF GASOLINES

Fuel A Fuel B
Unleaded EPA Leaded
Reference Fuel Ccmmercial

Calculated Data
Research octane no. 93 87
Motor octane no. 88 86
— Reid vapor pressure, PSIA 6.9 6.3 :
s U ® a Distillation, ASTM D-86, °F
5552 m Initial boiling point 80 80
HE o’ & 10% 135 160
EE2ER o= 50% 210 217
o g mﬁng‘; 90%s 275 295
;::,'UQ:OEQO 100% 345 340
K2R g > FIA analysis
9E 8T & o % aromatics 30.1 274
§ 0 & < Eé % - % olefins 8.2 7.8
= ‘g E aEE % Saturates 61.7 64.8
. - "U
a8 2 5" g a8 S 2 Experimental Data
~ q) . p— 'U a . - -
4 5 §E0 2 Z & API gravity at 60°F 57.0 - 58.4 R
5<.g8 9 E Qo v Sulfur, ppm 5. 240.0 75.0
28508 o2 éd) 4l Lead, g/gallon - ) <0.005 1.94
BoS 3z OO0 Benzene, LV% 0.2 0.4~
TOREYE S 5 Tolueneé, LV% 16.7 11.4
282 E YD n-Butane, LV% 1.0 0.4
§E5 320 % o0 - Isopentane, LV% : . 5.4 - 5.5
=23 g ol Rally - n-Pentane, LV% - a8 4.0 _
S84 52 05 | — -
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GASOLINE SUBCHRONIC TOXICITY

(thiabendazole 100 mg/kg), and given 2 general physical examinations. Unhealthy monkeys were
removed from consideration for the study.

Forty healthy monkeys were then selected from this pool and randomly divided into $ groups, .
each containing 4 males and 4 females. The monkeys were caged in pairs of the same sex in stainless
steel cages with food and tap water available ad libitum.

Exposure Methods

Target exposure levels for both rats and monkeys were: control (group I); unleaded gasoline 1500
ppm (group 1I) and 400 ppm (group I1I); and leaded gasoline 400 ppm (group IV) and 100 ppm
(group V).

The selection of the high-dose leaded gasoline group (400 ppm) was made on the basis of the 1974
ACGIH Threshold Limit Value for exposure to airborne lead. A 7-day probe study indicated that
this leével (400 ppm) should be tolerated during a 90-day exposure period. The selection of the high-
dose unleaded gasoline group (1500 ppm) was based on a maximum level to minimize aerosol forma-
tion and potential CNS effects (Drinker et al., 1943).

The 5 groups of rats and monkeys were each housed in 1 m’ glass and stainless steel exposure
chambers 24 hours a day and only removed for daily feeding and cleaning. The duration of the ex-
posures was 6 hours per day, 5 days per week, for 13 weeks.

Vapor Generation and Analysis

Each chamber was equipped with a positive displacement Roots Whispair blower that provided
approximately 250 L/min of chamber ventilation. This ventilation rate resulted in the chambers
operating under a negative pressure of approximately 0.3 inches of water. Each chamber was pro-
vided with an absolute filter, such that inlet air was particulate free (99.9% at 0.3 u). Air flow
through the chamber was continuously monitored for a pressure drop across the inlet filter.

Design of an adequate vapor generation system for gasoline was complicated by the wide range of
boiling points for the various constituents (80-345°F) and the explosion hazard posed by gasoline
vapors. Gasoline was contained in a 1-gallon stainless steel safety can, which had been modified by
the addition of a % inch Swagelok fitting. Gasoline was withdrawn from this container with a con-
stant displacement metering pump (Fluid Metering, Inc.) and piped to the atomizer (Spraying
Systems % J Body with a No. 1650 fluid nozzle and a No. 64 air nozzle). Nitrogen, a nonvolatile car-
rier gas, was heated to 105°C by passing it over a 100 W quartz immersion heater and then supplied
to the atomizer at 10 psig.

The gasoline was atomized into a small (ca. 2 ft°) stainless steel chamber connected to the exposure
chamber inlet. The exposure chamber ventilation air was drawn through a mixing pipe, which passed
through the small atomization chamber. A pressure differential between the vaporization chamber
and the mixing pipe caused a mass transfer of gasoline vapors to the exposure chamber airflow.

Due to the broad boiling range of gasoline, incomplete vaporization and subsequent introduction
of aerosolized material into the animal exposure chambers was an experimental concern. The
presence of aerosolized materials was analyzed using a modified Air Techniques Incorporated Model
727 forward light-scattering aeroso! photometer. The amount of aerosol generated with a chamber
atmosphere of 1500 ppm gasoline was 10 ug/L.

Exposure chamber atmospheres were analyzed for gasoline vapor concentration with a total
hydrocarbon analyzer (Scott Model 116) that was connected to an automatic sampling device. These
determinations were recorded twice per day, once midmorning and once midafternoon.

Vapor phase alkyl lead was measured by the method of Purdue et al. (1973).

Hematological Methods

Blood for hematological evaluation of animals in the control, 1500 ppm unleaded, and 400 ppm
leaded groups was taken from 10 rats and 4 monkeys per sex per group. Rats were bled only at the
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KUNA AND ULRICH

termination of the study, while monkeys were bled prior to exposure and after 1.5 and 3 months of
exposure. Unanesthetized animals were bled by tail clip for rats or by fingerprick for monkeys.
Erythrocyte and leukocyte counts were determined with a Model ZB1 Coulter Counter. Hemoglobin
was determined by the Drabkin cyanmethemoglobin method utilizing a Fisher Model 55
Hemophotometer. Differential leukocyte count was recorded by direct count on Wright-stained
smears. The reticulocyte count was determined by a microscopic observation of brilliant cresyl
violet-stained smears.

CNS Evaluations

All monkeys in the control and high level exposure groups were implanted with permanent elec-
trodes in the visual cortex. Access to these electrodes was via a connector permanently affixed to the
animal’s head. Simultaneous exposure and evoked response recordings were obtained by placing
the animal in a restraining chair and connecting an amplifier to the implanted connector. The experi-
ment was begun by placing a monkey in a small (ca. 150 L) stainless steel exposure chamber that had
a 12-inch diameter window. The flash lamp of a Grass photostimulator was positioned in front of
the chamber window and was set for paired flashes. Time between these flashes was set for 135 msec.
The photosimulator was controlled by a minicomputer (PDP 8/¢). At time A, the computer started
accepting EEG data; at times B and C, the computer triggered the photostimulator and light flashes
were produced, and at time D, the computer stopped accepting EEG data. After 10 seconds, the se-
quence was repeated once. Responses were recorded before the start of the study and after the final
exposure (day 90).

Pulmonary Function

Evaluation of the mechanical properties of the lung was conducted by real time computerized
techniques similar to those reported by Alarie et al. (1971). These procedures were carried out on
each monkey in all groups prior to exposure and on each monkey in the control and high-level
unleaded groups at 1.5 and 3 months.

Urinalysis

-Urine samples were analyzed on all animals at 1.5 and 3 months using Ames Bili-Labstix (pH, pro-
- tein, glucose, ketones, bilirubin, and blood). The urine was also used for lead analysis by adjusting
the pH of the urine to 7.0 and then complexing withammonium pyrollidinedithiocarbamate, extract-

ing into methylisobutyl ketone, and analyzing by atomic absorption spectrophotometry.

Termination -

All animals that died spontaneously or were sacrificed were necropsied. Animals were sacrificed
by sodium pentobarbital overdose and exsanguinated via the abdominal aorta. At the time of
necropsy, organ weights were taken and tissues saved in 10% neutral formalin. Lungs, kidneys,
spleen, heart, brain, and bone marrow from the control and high-dose groups were evaluated for
histopathology.-

All male and female animals from the control and high-exposure level groups were evaluated for
the presence and deposition of IgG in the renal glomerulus and lungs (Muftuoglu et al., 1974; Dixon,

A 1979).

Samples of rat brain, kidney, liver, urine, and blood from both leaded groups as well as control

animals were sent to the Ethyl Corporation for lead analysis.

T - RESULTS

- The 'mean exposure concentrations for both unleaded and leaded fuels are p}esemed in Table 2.
- Th_rcg rats (one each in groups 11, 1V, and V) and three monkeys {one each in groups 1,11, and 1V)-
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GASOLINE SUBCHRONIC TOXICITY

TABLE 2. MEAN ExPOSURE CONCENTRATIONS FOR
UNLEADED AND LEADED FUELS

Gasoline Vapor
Exposure Concentrations

.

Mg/Liter Alkyl Lead ug
" Animal Group %= SD? ppm Pb/L + SD

Control (I) - -
Unleaded gas (1I) 6.35 + 0.44 1552 -
Unleaded gas (111) 1.57 = 0.15 384 —
Leaded gas (IV) 1.53 = 0.23 374 0.72 = 0.10
Leaded gas (V) 0.42 + 0.04 103 0.19 =+ 0.04

aSD, standard deviation.

died during the course of the study. These deaths were not considered to be treatment related. Two
female monkeys in group 11 exhibited emesis after 13 days of exposure. Two other female monkeys
in group IV showed the same sign after 17 days of exposure. No statistically significant differences
were observed in body weight changes between controls and any treated group of either species with
the exception of those noted in male rats in groups 111 and V. The latter displayed increased mean
body weights at the end of the study.

Table 3 presents hematology data obtained at the final sacrifice for male and female Sprague-
Dawley rats. Males in the high-exposure level unleaded group (1552 ppm) had a statistically signifi-
cant increase in thrombocytes. Females in the same group had a statistically significant increase in

-reticulocyte counts. Males exposed in the high-leaded fuel group (374 ppm) had a statistically signifi-
cant decrease in mean corpuscular hemoglobin concentration, while females of the same group
showed statistically significant increases in hematocrit and mean corpuscular volume and a decrease
in the white blood cell count.

No statistically significant changes in hematological parameters were noted in male and female
squirrel monkeys (Table 4).

Mean flash-evoked response time for squirrel monkeys prior to the start of the test was 37.89 +
0.88 msec. No statistically significant differences were noted at the end of the study in any of the
dosing regimens.

Pulmonary function data are presented in Table S and 6. Increased minute volumes, which were
statistically significant, were recorded after 90 days of the exposure regimen for male monkeys in both
high-level fuel groups. Females exhibited statistically significant decreases in respiratory rate at
preexposure and 42 days in the high-level unleaded group (1552 ppm). The females exposed to high-
dose leaded gasoline (374 ppm) had a statistically significant decrease in tidal volume at the 90-day
testing interval.

Urinalysis data for rats and monkeys after 1.5 and 3 months of exposure revealed no exposure-
related differences in any of the groups.

Renal immunofluorescent evaluations of all male and female rats and monkeys displayed no
evidence of IgG deposition in the kidneys following the 90-day experimental period.

Lead levels in blood, urine, and selected tissues of rats exposed to leaded gasoline vapors are
presented in Table 7. Tissue samples from rats that were pooled by group and sex showed in descend-
ing order increased lead levels in liver, kidney, brain, and blood. Urine lead values were similar in
all groups.

Statistically significant changes in organ weights after the 90-day exposure period were as follows:
male rats—increased liver weights in groups 11l and V; female rats —decreased liver weights in group
1V and increased kidney weights in group V; male monkeys—decreased kidney weights in group 1V
and increased thyroid weights in groups 11 and 111. When organ weight as a percentage of body
weight was examined, statistically significant differences were seen in the following: male
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GASOLINE SUBCH>RONIC TOXICITY

rats — decreased heart weights in groups 1V and V and decreased brain weights in groups 11 and 111;
female rats—decreased liver weights in group 1V and decreased adrenal weight in group II; and male
monkeys —decreased kidney weights in group l1I.

Examination of tissues from rats and squirrel monkeys showed no evidence of treatment-related
histopathology, with the exception of lesions noted in the kidneys of all male rats. The lesions were
characterized by subtle but discernible increases in the incidence and severity of regenerative
epithelium and dilated tubules. The latier were seen to contain protein in their lumens.

DISCUSSION

Gasoline vapors of 1552 ppm (unleaded) and 384 ppm (leaded) had no significant toxic effect on
rats and monkeys exposed for 90 days as evidenced by body weight changes. The cause of death for
the few animals that died during the study were not considered treatment related.

Sterner (1941) published the results of an extensive survey of workers in a spray-painting opera-
tion where gasoline was used as a diluent. The exposure-related effects included decreases in
hemoglobin concentration, erythrocyte count, and cell volume, as well as increases in mean cor-
puscular hemoglobin, mean corpuscular volume, and reticulocyte counts. Although some of the
hematological changes reported by Sterner were observed in the study reported in this paper, they
were only seen in rats and were distributed in a random fashion between the various exposure groups
and sexes. The patterns of hematological responses noted in Sterner’s study, as well as in this report,
are similar to those reported by Carpenter et al. (1975a,b, 1977) and are all within normal limits.

Eye irritation has been implicated with a number of petroleum hydrocarbons (Gage, 1970; Heuss
and Glasson, 1968). These studies were both acute and subchronic in duration, with exposures rang-
ing from 2 to 6000 ppm. Further investigations of petroleum hydrocarbon-induced eye irritation
were conducted by Gamberale and Hulfengren (1972). Using humans as test subjects, these in-
vestigators demonstrated a statistically significant impairment in reaction time (visual flash evoked
responses) and perceptual speed after 4 20-minute exposures to 300 and 700 ppm toluene. Abdel-
Rahman et al. (1976) and Schaumburg and Spencer (1978) have reported that 1000 ppm of methyl
n-butyl ketone, a metabolite of n-hexane, produces an increase in the latency of visual evoked
response (VER). Fox et al. (1977) showed similar findings in rat pups receiving lead in milk. Since
toluene, n-hexane, and lead are typical components in gasoline, the study of VER in squirrel
monkeys exposed to leaded and unleaded fuel was considered appropriate.

Although the use of VER in the study of neurotoxicity in the central nervous system is still being
developed, it is a relatively sensitive noninvasive test to assess the functional capacity of the optic
nerve and the cerebral cortex. Results of the VER tests in this study are negative, suggesting that the
fuels as tested are devoid of neurotoxicity.

Both Swann et al. (1974) and Gage (1970) have demonstrated a variety of petroleum hydrocarbons
to be respiratory irritants following acute exposures. Lykke and Stewart (1978) showed that sub-
chronic exposure to leaded gasoline produce interstitial fibrosis of the lung. In order to investigate
the respiratory effects of exposing monkeys subchronically to leaded and unleaded gasoline,
pulmonary function data were obtained after the 90-day exposure period. The data showed in-
creased minute volumes in male monkeys in both high-level fuel groups. A decrease in tidal volume
for female monkeys in the high-level leaded group was also noted. As with the hematological values,
the lack of clear and/or consistent effects within or between species does not support a conclusion of
treatment-related effects in the lungs of the animals. The large variability observed in the control
group across time tends to obscure any meaningful comparison between the control and treated
animals.

Beirne and Brennan (1972) have implicated some petroleum products (solvents) in antibody-
mediated glomerulonephritis (Goodpasture’s syndrome). No evidence of IgG deposition was found
in the renal glomerulus in either rats or monkeys exposed to gasoline vapors in this study. Since the
lung has also been reported (Beirne and Brennan, 1972) as a possible target organ for
Goodpasture’s syndrome, lung tissues were reviewed. There was no evidence of IgG deposition.
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KUNA AND ULRICH

These study results would suggest that hydrocarbons as found in the tested fuels are devoid of any
immunotoxic effects in kidney and lung tissue.

Rats exposed to gasoline gave no evidence of any abnormal histopathological findings, with the
exception of the lesions noted in the male rat kidneys. These findings have been noted preveiously by
Gaworski et al. (1980, 1982) and Phillips and Egan (1984) and were also noted in the Carpenter study
series (1975a,b, 1977).

The renal lesions in the gasoline study are mild and do not suggest any significant compromise in
kidney function. The impact of these changes for man, however, are still to be determined.

The study presented in this paper was designed to evaluate the effects of a 90-day exposure of rats
and monkeys to leaded and unleaded gasoline vapor. A variety of parameters were monitored, and
there appeared to be a few sporadic incidences of statistically significant physiological changes. No
clear patterns emerged, which might suggest significant biological effects in any measured
parameters due to exposures to gasoline.
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I.  INTRODUCTION

Gasolines are exceedingly complex mi#tures of aromatic hydrocarbons,

cycloparaffins, and alkanes distributed over the C4 to C11 range. The
‘exact composition of gasolines varies widely depending on the crude oil

source, the refining method, and the intended ultimate use - among other
variables. In addition to the basic refined composition, other organic
and organo-metallic compounds are added to produce desired handling, storage,
and combustion results. Thus even brief review of the composition of gasoline
produces a number of compounds which may have toxic properties individually
or in combination with some other constituents.

A brief review of the literature reveals very few in-depth evaluations
of the chronic toxicity of gasoline vapors, particularly in recent years. This
may, in part, be due to the fact that except for acute high level exposures,
gasoline vapors have been considered to be rather nontoxic. Therwork of
Haggard (l)served to define the very acute‘anesthetic and toxic effécts of
gasoline vapors in dogs. Central nervous system (CNS) effects were observed
at about 10,000 ppm (1%), and death was observed at about 25,000 ppm
(2.5%). Sterner (2) published the results from an extensive survey of wdrkers
in a spray painting operation where gasoline was used as a diluent. A
review of the routine physical examinations of the employees of the plant
over approximately 10 years did not reveal any exposure-related effects,
except sporadic CNS and gastrointestinal complaints associated with unusual
exposure conditions. However, an in-depth analysis of the hematology daﬁa

for the exposed workers compared to a suitable control group did reveal
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exposure-related effects. Specifically, a decrease in hemoglobin concentra-
tion; a decrease in erythrocyte count (RBC) a decrease in cell volume; an
increase in mean corpuscular hemoglobin (MCH); an increase in mean corpuscular

~volume (MCV); and an increase in reticulocytes were evident in the exposed
workers as a group. Typical concentrations of total aromatics, to which these
workers were exposed, ranged from 200 to 800 ppm as_reported from simulation
experiments. An excellent and extensive review of gasoline intoxication has
been published by Machle (3) . Machle pointed out the confusion in earlier
literature between the toxic manifestations of benzene (benzol) and gasoline,
as have others (4) . The chronic exposure to low concentrations of gasoline
vapor was described as producing the following symptoms: anorexia, nausea,
nervousness, headaches, conjunctival irritation, vertigo, drowsiness, muscular
weakness, and muscle tremor. The study of Drinker, et al. (5) defined the
lower Iimit of gasoline vapor exposure which would elicit symptdms_and signs
“of irritation or toxfcity in human subjects. One of the significant attri--
butes of this study was the information of composition and concentration of
the gasoline and the resulting vapors. The results of this study indicated
that symptoms - i.e., eye irritation - were evident at exposure concentrations
of 700 ppm (0.07%); and that at about 2,500 ppm (0.25%) CNS effects were
evident. Much of the early literature on the toxicity of gasoline involves
the hazards associated with aspiration. Zucker (6) et al. has reviewed much
of this literature and concluded that respiratory symptoms develop within a
few hours with a predilection for the lower Tobe of the right Tung; also, that
fever and leukocytosis are commonly observed. Amorati (7) et al. reported on
the examination of women employed for a number of years in an occupation

where exposure to relatively Tow concentrations of gasoline vapors was probable.
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Approximately 1/3 of the 39 workers revealed hypochromic anemia; how-
ever, all the workers exhibited granulocytes with Monsen granules. Davis (8)
- has reported on the subjective responses of volunteers exposed for a short
. period, i.e. 30 minutes, to concentrations of 200, 500, or 1,000 ppm (0.02,
0.05, and 0.1%) of gasoline vapor. The only significant effect observed
was eye irritation, which was related on a quantal basis to the exposure
concentrations.

Summarizing then, the probable effects of chronic Tow level exposure
to gasoline vapors are: eye irritation; CNS effects; gastrointestinal
system involvement, possibly secondary to the CNS effects; and effects on
the hematopoietic system.

The effects on the hematopoietic system, as outlined above, are very
similar to those observed from the aromatic hydrocarbons, such as benzene
and the xylenes (9). Due to benzene's exceptional activity in this regard,
it is'important to thérough]y'éva1uate the hématopoietic system in any
chronic gasoline exposures - even though mode%n gasolines may contain a rela-
tively small amount of benzene (0.5 to 1.0%).

Although CNS involvement is unanimously described as one of the major
toxic effects of exposure to gasoline vapors in humans and animals alike,
this cursory literature review did not reveal any quantitative information
on this subject. There is, however, considerable information - from bath

behavioral and electrophysiologic standpoints - on individual hydrocarbons

and particularly on those used as anesthetic égents (10’11’12’13). Therefore,
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it is imperative that a comprehensive chronic inhalation study,
oriented toward occupational eprsures, should include a quantitative
evaluation of CNS effects.
Eye irritation is also almost unanimously reported to be associated
with exposure to gasoline vapors. Since eye irritation is not a serious
"toxic" response, an in-depth evaluation of the parameter is not considered
necessary for the evaluation of the chronic inha]ation'toxicity of gasoline.
Contact dermatitis, allergic sensitization, and photosensitizing effects

(4’18). However,

have been reported as occurring from contact with gasoline
the contact dermatitis resulting from defatting of the skin is probably the
most significant problem.

There are a number of less well-documented toxic effects which are
attributed to gasoline or hydrocarbon solvents in general. Chenoweth (14)
has reported that gasoline vapors at 80,000 ppm (8%) or less will sensitize
the‘dog heart to exogenous epinephrine, resu1tiﬁg in ventricular fibrillation;
and in some cases, death. Heptane and benzene, at approximately 50,000 ppm
(5%), also induced cardiac sensitization. Bierne (15) has reported -an” immuno-
logically mediated glomerulonephritis associated with hydrocarbon solvents.

(16)

He referred to the work of Klavis and Drommer who evidently induced glomer-

ular damage in rats by chronic exposure to gasoline vapors. Therefore, the
possibility that gasoline exposure may induce Goodpasture's snydrome should

not be overlooked in any chronic exposure study. Although effects on the
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respiratory system are not cpmmon]y encountered with inhalation of gasoline
vapors, they are routinely observed with Goodpasture's snydrome (17). In
éddition, because gasoline is an excellent 1lipid solvent, it is not unreason-
able to hypothesize an effect on the surfactant layer of the alveoli. There=
fore, a chronic study of gasoline vapors should include an evaluation of the

respiratory system.
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II. PURPOSE
The purpose of this experiment was to evaluate the subacute inhalation
toxicity of two different gasolines in a rodent and non-rodent species; with

" the intention of obtaining information relating to the occupational situation.

ITI. EXPERIMENTAL DESIGN

Five (5) groups of animals were used for this experiment. Four (4)
groups were exposed to the gasoline vapors, while the fifth group served as
an unexposed control. Two of the exposure groups were exposed to vapors of
one type gasoline at two different concentrations, while the other two exposure
groups were exposed to vapors of a second type gasoline at two different
concentrations. Each group consisted of twenty (20) male and twenty (20)
female rats and four (4) male and four (4) female monkeys. The duration of
the expésures was six (6) hours per day, five (5) days per week for thirtéen
(13) weeks. Prior to the exposures and after oﬁe‘and a half (i%) and three
(3) months of exposure, various observations were conducted on the experimental
and control animals. Immediately after the three-month exposure, all monkeys
were sacrificed; while only half of the rats from each group were sacrificed.

The remaining rats in each group were sacrificed either five (5) or ten (10)

months post-exposure. Table No. 1 summarizes the experimental design.

IV. MATERIALS

A. Experimental Compounds

The experimental compbunds were supplied by the sponsor as two
fifty-five (55) gallon drums of each gasoline. The drums were identified

as follows:
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HRC I.D. " Drum Identification

Fuel A Gasoline NDI (Class 65)
Octane 93%

Fuel B 0342 Fire Chief Gas
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Fuel A was a non-leaded EPA reference fuel while Fuel B was a
commercial leaded fuel. Analytical data, as provided by the sponsor,

is presented below:

Fuel A
Research Octane Number 93.2
Motor Octane Number 84.7
Ron-Mon 8.5
Reid Vapor Pressure, psis 10.2
Distillation, ASTM D-86 F
10% 123
50% 199
95% 325
100% o 383
API Gravity @ 60°F 61.6
FIA Analysis
~ Aromatics, % 24.0
Olefins, % 8.3
Paraffins, % 67.7
-7 - _
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ASTM Gum, mg/100 ml 0.57

Stability, hrs. 244
Sulfur, ppm 127
Phosphorous, ppm 1
Lead, gm/gallon ‘ 0.00004
Diene Number, meq./liter 0.0
Fuel Composition, LV%
Benzene 0.1
Toluene 8.1
n-Butane 8.0
Isopentane 8.3
n-pentane 5.4

Fuel was inhibited with 5 1bs/1000 bbls of Dupont 22 oxidation

inhibitor.

Fuel B

Data not available as of March 20, 1976.

The fuels were stored in a covered outside enclosure. Dry nitrogen
was used to replace fuel as it was drawn from the drums. A positive pressure
of approximately twenty-five (25) inches of water was maintained at all
times. Samples were transferred to the laboratory in one (1) gallon stain-
less steel solvent storage cans.

B. Animals

One hundred (100) male and one hundred (100) female albino rats

of the Sprague-Dawley strain, weighing between 100 and 150 grams, were

obtained from Charles River Breeding Laboratories. The rats were

randomly divided into five (5) groups of twenty (20) males and twenty

(20) females. They were caged in groups of twenty in stainless steel
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wire mesh cages with food and tap water available ad £ibitum. The
rats were permitted two (2) weeks to acclimatize to the laboratory
environment prior to the commencement of exposures. |

Thirty (30) male and thirty (30) female squirrel monkeys (Saimini
sciueus), weighing between 0.5 and 1.0 kg, were obtained from Prim
Labs (qumouth County Airport, Farmingdale, New Jersey). Upon recepit,
each monkey was weighed and marked with an identifying number. A1l
monkeys were observed for an eight-week period. During this time, they
were tuberculin tested twice (250 T.U. in the palpebral fold); treated
with ah antihelminthic (thiabendazole 100 mg/kg); and given two general
physica1 examinations. Unhealthy monkeys were removed from consideration
for the study.

Forty (40) healthy monkeys were selected and randomly divided into
five (5) groups, each containing four (4) males and four (4) females.

" The monkeys were caged in pairs-in stainless steel cages With food and
tap water available ad £Libitum. Purina monkey chow was provided twice
daily.

V.  EXPERIMENTAL METHODS

A. Exposure Methods

The five groups of rats and monkeys were each housed in one-cubic
meter glass and stainless steel exposure chambers. Each of the five
chambers contained eight (8) monkeys and forty (40) rats. Figure No. 1
illustrates the distribution of animals in each chamber. The animaTs
were housed in the chambefs twenty-four (24) hours a day and only

removed for daily feeding and cleaning.
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Each chamber was provided with a positive displacement Roots
Whispair® blower which provided approximately 250 L/min of chamber
ventilation. This Vent{lation rate results in the chambers operating
under a negative pressure of approximately 0.3 in. of water. Each
chamber is provided with an absolute filter such that inlet air is
particulate free (99.9% at 0.3u). Air flow through the chamber was
continuously monitored as the pressure drop across the inlet filter,
which was connected to an alarm system as protection against power

failure or pump breakdown.

B. Vapor Generation Methods

| Design of an adequate vapor generation system for gasoline is
complicated by the wide range of boiling points for the various
‘constituents (32o to 250°C) and the obvious explosion hazard. After
considerable evaluation -the following design gpproach was decided
upon: .

-- Atomization was utilized to increase the surface area and thus
reduce the temperature required to achieve adequate vaporization.

-- Nitrogen was utilized in the pneumatic side of the atomizer ih
order to reduce explosion hazards.

-- The nitrogen was heated to a temperature of 105%C in order to
assist vaporization and to compensate for the cooling inherent
with vaporization.

-- Transition through the explosive range should occur as rapidly

as possible and in as small a volume as possible.
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Figure No. 2 presents a diagram of the gasoline vaporization.
. system used for this study. The system operates as follows: Gasoline
was contained in 5 one-gallon stainless steel safety can which had been
"modified by addition of an 1/8 inch swag-g]ow® fitting. Gasoline was
withdrawn from this container with a constant displacement metering
pump (F1uid'Metering, Inc.) and fed to the atomizer (Spraying Systems
% J Body, with a #1650 fluid nozzle and a #64 air nozzle). Nitrogen was
heated by passing over a 100 watt quartz immersion heater operated from
a variac. A1l parts of this generation system were calibrated such that
the operational characteristics of the complete system were well defined.
Figure No. 3 bresents temperature calibration data for the nitrogen heater.
Figures 4, 5, and 6 present flow rate calibrations for the FMI pumps.
These calibrations were made while the pumps were operating into the
atomizers. A Roots pump, on the exhaust side of each chamber, pulled
room air through the absolute filter and the mixing pipe in each generétor
chamber. Due to a pressure differential between the vapofization chamber and
the mixing pipe, a mass trahsfer of gasoline vapors to exposure chamber
airflow was accomplished.

Although this system operated very well with respect to transferring
the maximum amount of gasoline from the liquid phase to the vapor phase it
had one significant drawback.

Exposure chamber equilibration time was not a function of chamber flow
rate and volume as usual, but a function of vaporization chamber equilibration

rate. This is illustrated in Figure No. 8 which shows exposure chamber
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concentration vefsus time. The chamber was operated at 360 L/min. which

would normally produce a 99% equilibration time of twelve (12) minutes.

As can be seen from the graph actual equilibration time was about sixty ,
(60) minutes. Therefore it was necessary to conduct exposures for an -
additional fifteen (15) minutes every day in order to compensate for this

equilibration time.

C. Analytical Methods

1. Methods for total gasoline vapors

Exposure chamber atmospheres were analyzed for gasoline vapor
concentration with a total hydrocarbon analyzer (Scott Model 116).
The instrument was a typical flame-ionization type operated with
compressed air and a hydrogen-helium mixture (40% - 60%).

This instrument was calibrated with mixtures of gasoline vapors
of known concentration prepared in the laboratory. The system
utilized for prgbaring known concentrations of gaso]ine.vapors is
illustrated in Figure No. 9. The system operates as follows: An
Ace Glass midget bubbler (Cat. No. 9513) was modified by removing
the frit and providing an injection port tube. This vaporization
tube was placed in the center of a coiled copper tube, which was
fitted in a small electrically heated oven. An evacuated fifty
(50) liter mylar bag was attached to the exit port on the vapor-
ization tube. A known volume of gasoline was taken up in a pre-
weighed 1 ml gas tight syringe (Pressure-Lok, Precision Samp]ing Corp.),

the syringe was then re-weighed and the weight of gasoline calculated.
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The wet test meter was set to zero and a N2 flowrate of

approximately three (3) liters per minute was started.

Gasoline in the syringe was then injected into the vaporization

tube v{a a serum stopper over the. injection port. Immediately i

thereafter seventy (70) volts was applied to the heating element.

Temperature in the vaporization tube gradually increased over

the next twelve and one-half (iZ%) minutes, at which time voltage

was removed from the heating element. Figure No. 10 shows the

temperature profile as measured at the bottom of the vaporization

tube. Depending on the vapor concentration desired the N2 flow

rate was maintained until a pre-determined volume had been added

to the bag. The contents of the bag were then thoroughly mixed

and used to calibrate the hydrocarbon analyzer. .
Prior to actual use fdr instrument calibration the technique

was checked fof the stability of gasoline vaporg in mylar, and

for reproducibility. Reproducibility was evaluated by preparing

eight (8) different calibration bags over a period of five (5)

days. A1l bags contained the same calculated concentration,

3.5 mg/L. These vapor mixtures were analyzed by the hydrocarbon

analyzer set to produce an approximately correct response. The

following table presents this data:
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Analyzer Response

Bag No. Arbitrary Units
1 ’ 3.2
2 | 2.8
3 3.2
4 3.3
5 3.8
6 3.9
7 3.8
8 3.5

The coeffecient of variation for this data was 11.1% which was

considered adequate in view of the technique.

The next step was to evaluate the stability of these standards

such that we would know how rapidly they had to be used.

Three

(3) different concentrations were prepared in triplicate and .

analyzed at various times. The following table presents this

data:
- 14 - -
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Analyzer response - Arbitrary units

Concentration Bag :

mg/L No. Immediately 24 hrs. %A 48 hrs.

3.5 1 ~ 3.8 3.4 10.5 2.9 )
2 3.6 3.1 13.9 3.1
3 3.5 3.1 11.4 3.0
X 11.9

5.0 1 5.0 4.5 10.0 4.2 }
2 4.8 4.4 8.3 4.0
3 5.0 4.4 12.0 3.8
X 10.1

7.0 1 6.0 6.4 7.2 6.0
2 6.7 6.4 4.5 6.1 .
3 7.1 6.8 4.2 6.8
X 5.3

- - - - = = - D e - - = = - T T S e S G = e = . e = e e = G = = e = = e o> =

From this data we calculated a linear decay rate of approximately
0.5% per hour. Thus we elected to only use bags on the day they
were prepared.

Having verified the utility of the methods we next prepared a
calibration curve for the analyzer. Figure No. 11 presents the
calibration curve. The plotted points are means of a number of
calibration bags (four for 1.75 mg/L, nine for 3.5 mg/L, and six

for 7.0 mg/L) while the bars represent the standard deviations.
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There was no difference in calibration between fuel A and

fuel B. At bi-weekly intervals throughout the study instrument

calibration was checked with additional points. These points

are shown on Figure No. 11 as encircled points. -
During animal exposures the analyzer was connected to an

automatic sampling device such that each exposure chamber was

automatically sampled for approximately twelve (12) minutes

out of every hour. Figure No. 12 presents an example of the

strip chart recorder output. This type of record was utilized

for quality control of chamber concentrations and not for

reporting actual chamber concentrations. Actual chamber concen-

trations were recorded twice per day, once mid-morning, and once

mid-afternoon. L.

2. Determination of alkyl lead in .gasoline

The analytical method utilized for determining alkyl lead con-
centration in the leaded fuel involved reacting the gasoline with
an iodine-octanol solution, extracting the lead with dilute nitric
acid and measuring lead via atomic absorption spectrophotometry.

A standard alkyl lead solution was provided by Ethyl Corporation,
and a standard curve was prepared utilizing this standard. The
lead content of fuel B was then determined on a number of aliquots.

The data is presented in the following table:
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L

Analyzed Calculated

ugPb/m1 gmPb/gal

4.0 1.50
4.53 1.70 )

5.01 1.88

4.48 1.68

4.48 ' 1.68
3.68 1.38 _

X = 1.65

- - - - - - - = = = = = - == = = = = e = = e Ge e

A sample of fuel B was submitted to Ethyl Corporation for lead

analysis, with the following results: Total lead was found to f

be. 1.87 gm/gal. while distribution.among the fire lead alkyls

was approximately as follows:
Alkyl Lead Mole % )
tetramethyl lead 6
trimethylethyl lead 25
dimethyldiethyl lead 37
methyltriethyl lead 25
tetraethyl lead 6
- 17 - .
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3. Determination of vapor phase alkyl lead

Vapor phase alkyl lead was measured with a method reported

30
by Purdue, eft. azf grief]y, the method involved collecting

alkyl lead vapors in jodine monochloride (ICL) solution, adjusting ;

pH, complexing with ammonium pyrollidinedithiocarbamate, extraction

with methyl isobutyl ketone, and Pb determination by atomic absorp-

‘tion spectrophotometry.

Alkyl lead samples were collected in 10 ml1 IC1 contained in

gas bubblers (Ace Glass, cat. no. 7529-16).

was 0.56 liters per minute.

Sampling flowrate

Prior to collecting data for the

animal experiments we-evaluated collection effeciency for this

sampling system.

An exposure chamber was set up and fuel B

vapors were generated and analyzed at an approximate concentration .

of 1 mg/L. Two sampling bubblers were set up in series and three.

(3) paired samples were collected and analyzed for lead. The

following table presents this data:

Pb conc. ug/ml

First

bubbler

0.10
0.14
0.10

Second
Bubbler

none detected
none detected

.none detected

T e e e o O D e D e OB e R e e R D O D OD = e D D T OO e e . R D = - - D e G = - e P D G Om G e SO OO G O e e o
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From the above we concluded that collection effeciency with

one bubbler was adequate.

The next experiment we conducted consisted'of generating

fuel B vapors and measuring simultaneously the fuel concentration

and the vapor phase lead concentration.

Since the lead content

of the fuel was known (1.76 mg/gal) and the vapor phase fuel

concentration was known then a theoretical lead concentration

could be calculated. This data is provided in the following table:

Theoretical
Sample Fuel conc. Pb conc.
__No. mg/L ug/L
1 1.90 1.23
2 2.20 1.42
3 2.10 1.36
4 2.10 1.36
5 ' 1.56 1.01
6 1.56 1.01
7 1.61 1.05

- - - - - - - - - S WD me e - S e S G - - e Gm = e D G G e G D D e S e S RO O G e G G G2 e GRS e e @0 e e e - e e e oe e

From this data it appeared that 83% of the lead in the fuel was

being transferred

to the vapor phase.

- 19 -

Measured % of
Pb conc. Theoretical

ug/L conc.

1.07 87

1.32 93

1.00 73 ]

1.22 90

0.75 74 .

0.80 79

0.87 - 83 -
X = 83
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4. Methods for gas chromatographic analysis of gasoline
A Tracor gas chromatograph was set up with the following

conditions for analysis of both liquid and gas phase fuel

samples: i : -
Column: 20 foot, 1/8 1n stainless steel
Colump temp: Programmed at 4°C/min from ambient to 210 C
Packing: 5% 8V -101 on 80/100 mesh Gas Chrom A .
Injection port temp: 230°C
Detector temp.: 3000C
Type of detector: Flame ionization
FID flows: H2-52 ml/min; air - 540 ml/min. :
Carrier gas: N2 - 45 m1/min. -
Sample size: 0.5 ul for pure fuel A and B

2.0 ul for fuels diluted 1:100 in C52
500 - 1000 ul for vapor samples from

the chambers
Figures No. 13, 14, and 15 present typical chromatograms for

Fuel A, Fuel B, and a reference fuel respectively. The reference fuel

was provided by Mr. F.M. Roberts along with a very detailed GLC

chromatogram of the material. This chromatograh was obtained with

.a high resolution capi]]ary column, and was not dfrect]y comparable

to those generated by HRC. Repeated attempts to obtain chromatograms

of vapor mixtures from exposure chambers were unsuccessful with the

equipment available. Thus we were unable to provide compositional

information on the exposure atmospheres.

5. Methods for urine lead analysis

Twenty-four (24) hour urine specimens were collected utilizing
standard metébo]ism cages for rats and monkeys.

The rat units were of all stainless steel construction, while
the monkey units consisted of stainless stc:l cages with polyethylene
funnels under each cage. Urine was collected in acid washed glass

bottles.
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The average 24 hour urine output for rats was approximately
twenty-five (25) milliters, with a range of twelve (12) to
forty-five (45) mi]]iters, and only on rare occasions was it
necessary to collect for more than 24 hours. Collection of
primate urine was much more difficult.

Due to the large floor area in the monkey cages a rather
large collection funnel (24 in. diam.) was required. This
together with a normally low urine output, 10 ml per 24 hours,
created some difficulties. The average output was increased to
approximately twenty (20) milliters by providing a sweetened fruit

| juice in place of water. However, it was also necessary to collect
for 48 or 72 hours in some cases, such that at least twenty-five
(25) milliters was available for analysis. Urine samples were
frozen until analysis could be conducted.

Briefly, the;ana]yéis consisted of a pH édjustmént, complexing
with ammonium pyrollidinedithiocarbamate, extraction into methyl
isobutyl ketone, and analysis by atomic absorption spectrophotometry.

D. Hematological Methods

Blood for all hematological evaluations was collected for unanesthetized
animals, either by tail clip for rats or by finger prick for monkeys.
Erythrocyte and leukocyte count were determined with a Model ZB1 Coulter
Counter. Hemoglobin was determined by the Drabkins cyanmethemoglobin
method utilizing a Fisher Model 55 Hemophotometer. Differential 1eUkocyte

count and platelet count were determined by direct count on Wright
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stained smears. The reticulocyte count was determined by microscopic
observation of brilliant cresyl violet stained smears. The differential
count was reported as follows:

N

neutrophils . , L
S = stabs

L = Tlymphocytes

E = eosinophils

B = basophils

M = monocytes

E. Pulmonary Physiology Methods
Evaluation of the mechanical properties of the lung were conducted
by real time computerized techniques very similar to those reported

(28, 29). Basically the technique consisted of measuring .

by Alarie
intrapleural pressure, and air flow rate at the mouth. Air flow was
electronically integrated to yield -tidal volume. |

The computer then digitized these analog signals and performed
data reduction. A typical set of computer reduced data is presented
in Figure No. 16. |

Evaluation for distribution of ventilation was conducted by
determining the number of breaths required to reduce expired N2 to

1% while the animal breathed pure oxygen.

F. Flash Evoked Response Methods

A11 monkeys in the control and high level exposure groups (Group
I, II, and IV) were imp]ahted with chronic electrodes in the visual

cortex. Access to these electrodes was via a connector permanently
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affixed to the animal's head. Simultaneous exposure and evoked
response reco?ding was obtained by placing the animal in a restraining
chair, and connecting an amplifier to the implanted connector. The

‘ monkey was then placed in a small (ca. 150 liter) exposure chamber.
This chamber was all stainless steel except for a 12 in. diameter
window. |

The flash lamp of a Grass photostimulator was positioned in
front of the chamber window. The photostimulator was set for paired
flashes. Time between these flashes was set for 135 ms. The photo-
stimulator was controlled by a minicomputer (PDP 8/e) programmed as
fo]]owsf Refer to figure 17. At time "A" the computer starts accepting
EEG data, at time "B" the computer triggers the photostimulator and a
light flash is produced, at time "C" a second light flash is produced f .
under‘control of the photostimu]ator? at time "D" the computer stops |
accepting EEG datq. After 10 seconds, which-is under computer control,

~ the sequence is repeated. This occurs 100 times which results in one of
the four evoked responses shown in figure 17.

Each monkey was tested as follows: After allowing thirty (30)
minutes for the animal to accommodate to the testing environment a
control evoked response was recorded. Exposure was then started to a
fuel type and concentration approximately equal to what the animal
would normally receive. Additional evoked responses were recorded
after two (2), four (4), and six (6) hours of exposure. The important

data obtained from these evoked responses was the latency. Within the
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context of this study, latency is defined as the time from a Tight flash
(points B and C in figure 17) to the peak of the first surface negative
wave (points E and F which refer to the control trace in figure 17).
In actuality the data is obtained numerically from the computer and does _
not have to be read from the plotted evoked responses.

Figure 17 shows data obtained from one animal, No. 118¢ from group
IV. This fiqgure is a photocopy of the evoked responses plotted by
the computer. The calibration data and the two vertical lines were
added for illustrative purposes. These lines help to show the shift
in latency toward the right, i.e., increased time from the 1ight flash
to.the evoked response, as this animal was exposed to 1.8 mg/L of fuel B.

G. Urinalysis Methods

Urine samples were collected as described above. A]l data was .
collected utilizing the Ames Bili-Labstix®.

H. Renal Immunofluorescent Methods

Numerous publications attest to the validity of immunofluorescent
staining as an appropriate means of detecting the aeposition of IgG
in the renal g1omeru]us.(31-33) Additionally, deposition of IgG in the ' i
renal glomerulus has been shown to be indicative of various forms of
glomerularnephritis.

Renal tissues obtained fresh at necropsy were mounted in Tissue Tech
IT 0.C.T. mounting medium and were sectioned (4 u) in a cyrostat. Tissue

sections were mounted on a glass slide and fixed in acetone for 10

minutes at room temperature.
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