FUEL OILS ?

2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective of the toxicology of fuel oils and a
depiction of significant exposure levels associated with various adverse health effects. It contains
descriptions and evaluations of studies and presents levels of significant exposure for fuel oils based

on toxicological studies and epidemiological investigations.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons living or working near hazardous
waste sites, the information in this section is organized first by route of exposure--inhalation, oral, and
dermal--and then by health effect--death, systemic, immunological, neurological, developmental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed in terms of three exposure

periods--acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in

figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest observed-
adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the

studies, LOAELSs have been classified into “less serious” or “serious” effects. These distinctions are
intended to help the users of the document identify the levels of exposure at which adverse health

effects start to appear. They should also help to determine whether or not the effects vary with dose

and/or duration, and place into perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the tables and figures may differ depending on the
user’s perspective. For example, physicians concerned with the interpretation of clinical findings in
exposed persons may be interested in levels of exposure associated with “serious” effects. Public
health officials and project managers concerned with appropriate actions to take at hazardous waste
sites may want information on the lowest levels of exposure associated with more subtle effects in

humans or animals (LOAEL) or exposure levels below which no adverse effects (NOAEL) have been
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observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels, MRLs) may be

of interest to health professionals and citizens alike.

Levels of exposure associated with the carcinogenic effects of fuel oils are indicated in Table 2-3.
Estimates of exposure levels posing minimal risk to humans (MRLs) have been made, where data were
believed reliable, for the most sensitive non-cancer effect for each exposure duration. MRLs include

adjustments to reflect human variability and extrapolation of data from laboratory animals to humans.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA
1990e), uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges
additional uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.
As an example, acute inhalation MRLs may not be protective for health effects that are delayed in
development or are acquired following repeated acute insults, such as hypersensitivity reactions,
asthma, or chronic bronchitis. As these kinds of health effects data become available and methods to

assess levels of significant human exposure improve, these MRLs may be revised.

Fuel oils are petroleum products whose composition varies with the refinery streams from which they
are blended (Air Force 1989). Fuel oils, which have auto-ignition temperatures between 177°C and
329°C (Coast Guard 1985), are composed primarily of aliphatic hydrocarbons (64%), aromatic
hydrocarbons (35%), and olefinic hydrocarbons (1-2%) (Air Force 1989). The aliphatic constituents
consist of n-alkanes (n-paraffins), branched alkanes (isoparaffins), and cyclic alkanes (cycloparaffins or
naphthenes). Aromatic hydrocarbons include benzene and polycyclic hydrocarbons. These petroleum
products are used both for residential heating oil and for diesel fuel. Diesel fuels are graded

according to the type of engine in which they are used and range from no. 1-D for higher speed and

frequent load changes to no. 4-D for low speed engines.

The purpose of this chapter is to discuss the toxicological effects of fuel oils. There are six types of
fuel oils discussed in this profile: (1) fuel oil no. 1, (2) fuel oil no. I-D, (3) fuel oil no. 2, (4) fuel oil
no. 2-D, (5) fuel oil no. 4, and (6) fuel oil UNSP. However, there are no toxicity data for fuel oils in
general; the available toxicity data are specific for particular fuel oils. Therefore, the toxicity of fuel
oils will be discussed in this chapter by referring to the following fuel oils for which there are data:
(1) fuel oil no. 1, which is also called kerosene, straight-run kerosene, kerosene, range oil, Deobase®,

deodorized kerosene, coal oil, and JP-5 (jet fuel); (2) fuel oil no. 1-D, which is also known as diesel
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fuel and diesel fuel oil no. 1; (3) fuel oil no. 2, which is also called home heating oil, gas oil, and

no. 2 burner oil; (4) fuel oil no. 2-D, which is also known as diesel fuel oil no. 2, diesel fuel no. 2,
diesel oil no. 2, and no. 2 diesel; (5) fuel oil no. 4, which is also known as diesel fuel oil no. 4, heavy
residual fuel oil, marine diesel fuel, and residual fuel oil no. 4; and (6) fuel oil UNSP. Exposure to
individual fuel oil components or combustion products will not be discussed as it is not known
whether the components or combustion products behave in a toxicologically similar manner to the fuel
oils from which they are derived. For more information regarding the potential toxicity of some fuel
oil components, the Air Force document (1989) and previous ATSDR profiles on benzene (ATSDR
1989), toluene (ATSDR 1990a), xylenes (ATSDR 1991a), and polycyclic aromatic hydrocarbons
(ATSDR 1991b) can be consulted. Since fuel oils are complex and somewhat variable mixtures, it is
not possible to identify the molecular weight for these oils. As such, airborne concentrations of fuel

oils are reported as milligrams per cubic meter (mg/m’).

2.2.1 Inhalation Exposure

Fuel oils can enter the respiratory system as a vapor or an aerosol; in addition, products formed during
the combustion of fuel oils can be inhaled in smoke. A vapor is the gaseous phase of a substance that
is a liquid at standard temperature. Fuel oils have a low vapor pressure (e.g., the saturation
concentration of kerosene in air is approximately 100 mg/m®). An aerosol is the suspension of solid or
liquid particles in a gas (usually air), with particles ranging in size from 0.0001 to over 100 um.
Smoke is an aerosol formed during incomplete combustion. Due to the low volatility of fuel oils,
human exposure to vapor concentrations above 100 mg/m” is unlikely. Higher concentrations can be
achieved, however, by increasing the ambient temperature or modifying other physical parameters.
Thus, exposure of the general population to high concentrations of airborne fuel oils would probably

occur only in unusual situations.

2.2.1.1 Death

No studies were located regarding death in humans after inhalation exposure to fuel oils.

Mortality occurred in 3 of 10 mice exposed by inhalation 8 hours/day for 5 days to diesel fuel no. 2

vapors at a concentration of 204 mg/m”; inhalation of 65 or 135 mg/m’ was not lethal to mice (Kainz

and White 1984). Acute inhalation of either 86.9 or 408.8 ppm fuel oil UNSP vapor or 101.8 or
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401.5 ppm diesel fuel vapor did not induce death in rats (API 1979c¢, 19798). Inhalation of
8,000-16,000 mg/m’ diesel fuel aerosol for 2 or 4 hours was lethal to rats (Dalbey and Lock 1983).
No lethality occurred following single-exposure inhalation of 6,000 mg/m’ diesel fuel aerosol for

4 hours or 2,700 mg/m3 for 6 hours. However, inhalation of 4,000 mg/m3 for 6 hours was lethal

(Dalbey and Lock 1983).

No deaths occurred in rats exposed to 5,000 mg/m3 kerosene (physical form not specified) for 4 hours
(Vernot et al. 1990d). This study is limited because only one concentration level was tested. It is
useful, however, because the concentration used is very high. Inhalation of diesel fuel aerosol

4 hours/day, 2 days/week, for 13 weeks at concentrations up to 1,500 mg/m’ did not induce mortality
in rats (Lock et al. 1984). Intermediate exposures (once per week for 9 weeks or 3 times per week for
3 weeks) to diesel fuel aerosol induced mortality in 6.25% of the rats exposed to a concentration time
product (Ct) of 12,000 mg hour/m’ (Ct = [airborne concentration of aerosolized diesel fuel in mg/m”]
x [duration of exposure in hours]). However, no rats died at a Ct of 8,000 mg hour/m’ (Dalbey et al.
1987). The Ct of 8,000 mg hour/m’, under these conditions, was based on repeated 2- or 6-hour
exposures to 4,000 or 1,330 mg/m’, respectively. The Ct of 12,000 mg hour/m’ was based on repeated
2- or 6-hour exposures to 6,000 or 2,000 mg/m’, respectively. However, dose-response data were not

reported for the individual exposure concentrations used to produce each Ct.

No rats died during 90-day inhalation exposures to 50 or 300 mg/m’ marine diesel fuel vapor (Cowan
and Jenkins 1981) or to 150 or 750 mg/m’ JP-5 vapor (Cowan and Jenkins 1981; Gaworski et al.
1984). No mice died during a 90-day inhalation exposure of 150 or 750 mg/m’ JP-5 vapor (Cowan
and Jenkins 1981; Gaworski et al. 1984). One rat died of pneumonia out of 25 male rats exposed to
100 mg/m3 deodorized kerosene vapor (the maximally achievable vapor concentration at standard

temperature and pressure) for 6 hours per day, 5 days per week for 13 weeks (Carpenter et al. 1976).

The NOAEL and LOAEL values for death after inhalation exposure to fuel oils are recorded in Table
2-1 and plotted in Figures 2-1 and 2-2.



TABLE 2-1. Levels of Significant Exposure to Fuel Oils - inhalation

Key® Exposure/ LOAEL®
to Species/  duration/ NOAEL® Less serious Serious Reference/
figure (strain) frequency System (mg/m3) {mg/m3) (mg/m3) Chemical Form
ACUTE EXPOSURE '
Death
1 Rat 1d 4000  (sex not specified, 30% Dalbey and Lock
Sprague- 6 hr/d mortality) 1983
Dawley FOSDFU
2 Mouse 5d 204 M (30% mortality) Kainz and White
CD-1 8 hr/d 1984
FO4DF2
Systemic
3 Rat 10d Other 408.8 F API 1979¢
6 hi/d (ppm) FO5
4 Rat 10d Other 401.5 F (decreased food intake) AP! 1979g
[CRL: 6 hr/d (ppm) FOSDFU
COBS
CD(SD)
BR]
5 Rat 10d Other 400 F Beliles and
NS 6 hr/d {ppm) Mecler 1983
FO2HHO
6 Mouse 5d Cardio 65 M 135 M (vasodilation) Kainz and White
CD-1 8 hr/d 1984
FO4DF2
Bd Wt 135 M 204 M (decreased water and food
consumption with
subsequent weight loss of
30%)
Neurological
7  Mouse 5d 65° M (ataxia; disturbed gait) Kainz and White
CD-1 8 hr/d 1984

FO4DF2

$103443 HLTV3aH 2

S0 13nd

el



TABLE 2-1. Levels of Significant Exposure to Fuel Qils - Inhalation (continued)

Key * Exposure/ LOAEL®
to  Species/  duration/ NOAEL® Less serious Serious Reference/
figure (strain) frequency  System  (mg/m3) (mg/m3) (mg/m3) Chemical Form
Developmental
8 Rat 10d 408.8 F AP! 1979¢
6 hr/d (ppm) FO5
9 Rat 10d 4015 F APl 1979g
[CRL: 6 hr/d {ppmy) FO1DOK
coBs
CD(SD)
BR]
10 Rat 10d 400 F Beliles and
NS 6 hr/d (ppm) Mecler 1983
FO2HHO
INTERMEDIATE EXPOSURE
Systemic
11 Rat 13 wk Resp 100 M Carpenter et al.
Albino Harlan- 5 d/wk 1976
Wistar 6 hr/d FO1DOK
Cardio 100 M
Gastro 100 M
Hemato 100 M
Musc/skel 100 M
Hepatic 100 M
Renal 100 M
Other 100 M

S103443 HLTVIH ¢
SO 13N4
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TABLE 2-1. Levels of Significant Exposure to Fuel Oils - Inhalation (continued)

Key ° Exposure/ LOAEL®
to Species/  duration/ NOAEL" Less serious Serious Reference/
figure (strain)  frequency System (mg/m3) (mg/m3) (mg/m3) Chemical Form
12 Rat 13 wk Resp 750 1500 {increase in relative weight Lock et al. 1984
Sprague- 2d/wk of right lobe of lung) FO5DFU
Dawley 4hr/d
Cardio 1500
Gastro 1500
Hemato 1500
Hepatic 1500
Renal 1500
Dermal 1500
Bd Wt 250 (decreased body weight)
13 Rat 14 wk Hepatic 58° M (decreased blood glucose Starek and
Wistar 6 d/wk levels) Vojtisek 1986
6 hr/d FO-1
Other 231 M (decreased metabolism of
phenacetin; decrease in
lactate and pyruvate)
14 Mouse 90d Hepatic 150 F (hepatocellular fatty Gaworski et al.
C57BL/6 24 hr/d changes and vacuolization) 1984
FD1JP5
Other 750 F
15 Dog 13 wk Resp 100 Carpenter et al.
Beagle 5 d/wk 1976
6 hr/d FO1DOK
Cardio 100 M
Gastro 100 M
Hemato 100 M
Musc/ske! 100 M
Hepatic 100 M
Renal 100 M
Bd Wi 20 M (increased body weight)

$103443 HiTvaH ¢

S0 1and

S}



TABLE 2-1. Levels of Significant Exposure to Fuel Oils - Inhalation (continued)

Key ° Exposure/ LOAEL"
to Species/  duration/ NOAEL? Less serious Serious Reference/
figure (strain)  frequency System (mg/m3) (mg/m3) (mg/m3) Chemical Form
Neurological
16 Rat 13 wk 100 Carpenter et al.
Harlan- 5 diwk 1976
Wistar 6 hr/d FO1DOK
17  Rat 13 wk 250 (increased response Lock et al. 1984
Sprague- 2d/wk time/startle reflex assay) FO5DFU
Dawley 4hr/d
18 Dog 13 wk 100 M Carpenter et al.
Beagle 5 d/wk 1976
6 hr/d FO1DOK
Reproductive
19 Rat 13 wk 1500 Lock et al. 1984
Sprague- 2d/wk FO5DFU
Dawley 4hr/d

*The number corresponds to entries in Figures 2-1 or 2-2.

®Units are in mg/m’, unless specified otherwise. In some studies, the units were given in ppm. Since the molecular weight of fuel oils is not known, the ppm units could
not be converted to mg/m’. Data from the studies with exposures in ppm are shown in Figure 2-1; data from studies with exposures in mg/m’ are shown in Figure 2-2.
“Used to derive an acute inhalation Minimal Risk level (MRL) of 0.02 mg/m’; exposure concentration adjusted for 24 hours per day exposure divided by an
uncertainty factor of 1000 (10 for interspecies variability, 10 for intraspecies variability, and 10 for use of a LOAEL (less serious effect) for MRL derivation).

‘Used to determine an intermediate Minimal Risk Level (MRL) of 0.01 mg/m’; exposure concentration adjusted for 24 hours per day, 7 days per week exposure
divided by an uncertainty factor of 1000 (10 for interspecies variability, 10 for intraspecies variability, and 10 for use of a LOAEL (less serious effect) for MRL
derivation).

Cardio = cardiovascular; d = day(s); F = female; FO-1 = fuel oil no. 1; FOIDOK = deodorized kersoene; FOSDFU = unspecified diesel fuel; FO2HHO = home heating
oil no. 2; FO1JP5 = JP-5 (jet fuel); FO4DF2 = fuel oil no. 2-D; FOS = unspecified fuel oil; Gastro = gastrointestinal; Hemato = hematological; hr = hour(s); LOAEL =
lowest-observed-adverse-effect level; M = male; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week(s)

S103443 HITvaH 2
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Figure 2-1. Levels of Significant Exposure to Fuel Oils — Inhalation
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Figure 2-2. Levels of Significant Exposure to Fuel Oils — Inhalation
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Figure 2-2. Levels of Significant Exposure to Fuel Oils — Inhalation (continued)
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2.2.1.2 Systemic Effects

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and
duration category for inhalation exposure to fuel oils are recorded in Table 2-1 and plotted in

Figures 2-1 and 2-2.

Respiratory Effects. Pleural effusions and alveolar infiltrations were noted in a man who had
washed his hair with an unknown amount of diesel fuel (Barrientos et al. 1977). The relative
contributions from inhalation and dermal exposure could not be distinguished in this case. There was
no throat irritation in six volunteers following a 15-minute exposure to a concentration reported to be
140 mg/m? of deodorized kerosene vapor (Carpenter et al. 1976). The authors used a hot nichrome
wire for the volatilization of their test material and reported that the concentration was probably the
“highest attainable concentration at which vapor analysis is representative of liquid analysis.” The air
saturating concentration of kerosene is considered to approximate 100 mg/m’ (room temperature and

760 mmHg) and is dependent on the constituents of the mixture.

An epidemiological study examined the effects of chronic exposure to jet fuels in factory workers
(Knave et al. 1978). This study found a significant increase in a feeling of heaviness in the chests of
exposed subjects when compared to unexposed controls from the same factory. The data are limited
because the jet fuels were not specified and may not include JP-5, which is the jet fuel of concern in
this profile, and the study did not adjust for the presence of other chemicals. Inhalation exposure is
likely, since jet fuel vapor was detected by the authors; however, dermal and oral (i.e., from eating
contaminated food) exposures cannot be excluded. An estimated time-weighted average of

128-423 mg/m’ was detected in the breathing zones of the workers. However, it is not possible to

associate the specific concentrations with specific effects.

Limited epidemiological data suggest that chronic human inhalation exposure to kerosene vapor and/or

kerosene combustion products from cooking with kerosene stoves does not induce asthmatic
respiratory effects. The presence of kerosene stoves in the homes of Malaysian children was not
associated with chronic cough, persistent wheeze, asthma, or chest illness (Azizi and Henry 1991).
Asthmatic bronchitis and frequent common colds in 3-year-old Japanese children were not associated

with the presence of kerosene stoves in their homes (Tominaga and Itoh 1985). The latter study
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corrected for exposure to passive smoke. These data are of limited usefulness because the duration of
exposure was not reported and the levels of kerosene exposure could not be quantified. Finally, it
cannot be determined whether actual exposure to kerosene occurred in these individuals because
kerosene exposure was assumed to occur if kerosene was used during cooking or if a kerosene stove

was present in the home.

Animal data that pertain to respiratory effects following acute exposure to kerosene by inhalation are
limited, because only one concentration level was tested in each study. Reductions in tidal volume
and dynamic lung compliance, bronchoconstriction, and an increase in pulmonary resistance occurred
in rabbits following inhalation of 32,500 mg/m’ kerosene aerosol (Casaco et al. 1982).
Bronchoconstriction was also induced in guinea pigs that were exposed to 20,400 mg/m’ kerosene

aerosol (Garcia et al. 1988b).

No histopathological changes were noted in the respiratory system of rats or dogs exposed to up to
100 mg/m’ deodorized kerosene vapor for 13 weeks (Carpenter et al. 1976). Inhalation of diesel fuel
aerosol 4 hours/day, 2 days/week, for 13 weeks at concentrations up to 1,500 mg/m? did not impair
pulmonary function or induce histopathological changes in rats (Lock et al. 1984). However, there
was a dose-related increase in the relative weight of the right lobe of the lung, which was only
significant at the highest exposure level. Elevated numbers of alveolar macrophages in the low- and
high-dose groups were not dose related. Intermediate exposures to diesel fuel aerosol induced damage
to the lung parenchyma of rats exposed to a Ct of 8,000 or 12,000 mg hour/m’ (Dalbey et al. 1987).
In general, respiratory effects were more severe after three exposures/week for 3 weeks than one
exposure/week for 9 weeks at various exposure levels and durations. Thus, the study found that the
respiratory effects were generally more dependent upon the frequency of exposure than the exposure
dose or duration. Dose-response data were not reported for the individual exposure concentrations

used to produce each concentration time product (see discussion in Section 2.2.1.1).

Cardiovascular Effects. Two case studies were found that reported mild hypertension in humans
from acute inhalation exposures to fuel oils. Mild hypertension was noted for 4 days in one of two
individuals following a I-hour exposure to JP-5 vapor while flying a small airplane (Porter 1990).
Delayed mild hypertension was also noted in a man who was exposed to diesel fuel vapor for 10 days
while driving a truck with a fuel injector leak (Reidenberg et al. 1964). The concentration of vapor

was not reported in either study. Palpitations were noted in workers chronically exposed to jet fuel
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according to one epidemiological study (Knave et al. 1978). The limitations of this study are
discussed in detail in Section 2.2.1.2 under Respiratory Effects.

Vasodilation was seen in the ear and tail veins of mice exposed via acute inhalation to 204 or

135 mg/m’ diesel fuel no. 2 vapors. The effect was not seen at 65 mg/m’ (Kainz and White 1984).
Inhalation of kerosene aerosol for an intermediate duration induced aortic plaques in guinea pigs that
resemble those seen in atherosclerosis (Noa and Illnait 1987a). Significant increases in total serum
cholesterol and decreases in high-density lipoprotein (HDL) were also noted. Similar effects were
induced following exposure to kerosene aerosol or kerosene smoke. This study was limited because
only one concentration of kerosene aerosol, within a range of 20,400-34,000 mg/m3, was tested and
the actual exposure level of kerosene smoke was not reported. Inhalation of diesel fuel aerosol

4 hours/day, 2 days/week, for 13 weeks at concentrations up to 1,500 mg/m’ did not induce
histopathological changes in the cardiovascular system of rats (Lock et al. 1984). However, a
statistically significant decrease in blood cholesterol levels was reported in females of the high-dose
group immediately after exposure compared to controls. The authors did not consider this effect to be
treatment related; no data were presented. No microscopic or histopathological changes were noted in
the cardiovascular system of rats or dogs exposed to up to 100 mg/m’ deodorized kerosene vapor for

13 weeks (Carpenter et al. 1976).

Gastrointestinal Effects. Several studies were identified that described gastrointestinal effects in
humans after inhalation exposure to unknown quantities of fuel oils. In one case study, one of two
individuals that were exposed to JP-5 vapor for approximately 1 hour while flying a small airplane
experienced nausea after landing (Porter 1990). This effect subsided within 24 hours. Abdominal
cramps, vomiting, and diarrhea occurred in a man who was exposed to diesel fuel vapor for 10 days
while driving a truck with a fuel injector leak (Reidenberg et al. 1964). Also, nausea, abdominal
cramps, and diarrhea were reported for a man who had washed his hair with a diesel fuel. “On
examination” (no further description of the examination was provided), the abdomen was normal
(Barrientos et al. 1977). A history of epigastric (upper abdominal) pain was noted in a male
subsequent to washing his hands with diesel fuel over several weeks (Crisp et al. 1979). Effects

resulting from inhalation versus dermal exposure could not be distinguished in the two latter cases.

No histopathological changes were noted in the gastrointestinal system of rats or dogs exposed to up

to 100 mg/m’ deodorized kerosene vapor for 13 weeks (Carpenter et al. 1976). Inhalation of diesel
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fuel aerosol 4 hours/day, 2 days/week, for 13 weeks at concentrations up to 1,500 mg/m’ did not

induce histopathological changes in the gastrointestinal system of rats (Lock et al. 1984).

Hematological Effects. Three case studies were found that addressed possible hematological

effects due to acute inhalation exposure to unknown quantities of fuel oils by humans. There were no
blood chemistry changes in either of two individuals following a l-hour exposure to JP-5 vapor while
flying a small airplane (Porter 1990). Subcutaneous hemorrhage, mild nose bleeds, low platelet
counts, and retinal arteriole constriction were reported for a man who was exposed to diesel fuel vapor
for 10 days while driving a truck with a fuel injector leak (Reidenberg et al. 1964). The latter effect
was delayed, occurring 4 weeks after initial exposure. These effects may be indicative of blood
clotting problems. Decreased hemoglobin concentration and an increase in erythrocyte sedimentation
rate were noted in one man after washing his hands with diesel fuel over several weeks (Crisp et al.

1979). Effects resulting from inhalation versus dermal exposure cannot be distinguished in this case.

No exposure-related hematological effects were noted in rats or dogs exposed to up to 100 mg/m’
deodorized kerosene vapor for 13 weeks (Carpenter et al. 1976). Inhalation of diesel fuel aerosol

(4 hours/day, 2 days/week, for 13 weeks) at concentrations ranging up to 1,500 mg/m’ failed to
produce histopathological changes, splenic weight changes, or other hematological effects in rats (Lock
et al. 1984). Intermediate exposures to diesel fuel aerosol induced decreases in the mean red blood

cell count in rats exposed to a Ct of 8,000 or 12,000 mg hour/m’ 3 times/week for 3 weeks (Dalbey et
al. 1987). However, the statistical significance of this effect was not clearly reported in the study.
There was no significant effect on white blood cell count in these rats. Dose-response data were not
reported for the individual exposure concentrations used to produce each Ct (see discussion in Section

2.2.1.1).

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans

after inhalation exposure to fuel oils.

No histopathological changes were noted in the musculoskeletal system of rats or dogs exposed to up
to 100 mg/m’ deodorized kerosene vapor for 13 weeks (Carpenter et al. 1976). Only one study of this

effect was located.
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Hepatic Effects. No studies were located regarding hepatic effects in humans after inhalation

exposure to fuel oils.

In a study designed to evaluate the effects of kerosene hydrocarbons on the tissue metabolism of rats
after acute and subchronic exposure, Starek and Vojtisek (1986) exposed groups of male Wistar rats
(131 total animals for both acute and subchronic studies) to kerosene vapors in average concentrations
of 58 (range 33.3-75.0) or 231 (range 181.3-250.2) mg/m’ for 6 hours/day, 6 days/week for 14 consecutive
weeks. Food and water were available ad /ib throughout exposure, but animals were fasted

for 18 hours prior to post-dosing tests. Twenty hours after termination of exposure, two types of tests
were conducted: (1) the effects of kerosene on the rate of biotransformation of hexobarbital and
phenacetin were examined by looking at hexobarbital sleeping time and measuring the antipyritic
activity of phenacetin in intact animals; and (2) blood, liver, and muscle tissue were obtained for in
vitro tests to examine pyruvate, lactate, and glucose activity/levels. In the first experiments,
hexabarbital sleeping time remained unchanged in both treatment groups, and the antipyretic activity of
phenacetin was significantly prolonged only in the high-dose (concentration) group. In the second
group of tests, the blood glucose concentration was found to be decreased in both the 58 mg/m’ and
231 mg/m’ exposure groups, while lactate and pyruvate were found to be increased only in the high
concentration group. (This study was used as the basis for derivation of an intermediate MRL for fuel
oil no. 1 for the inhalation route of exposure.) The authors suggest that the decreased circulating
glucose levels may be associated with both increased glycolysis and the inhibition of gluconeogenesis
(kerosene exposure effecting increased glycolysis is supported by the findings of increased concentrations
of lactate and pyruvate in the blood and liver, as well as increased lactate dehydrogenase

activity in the liver). Further, the authors suggest that the increased glycolysis may be the result of the
inhibition of cellular respiration by kerosene, and it was noted that cellular respiration was inhibited in

liver and kidney slices subsequent to the addition of kerosene to the incubation solution.

When exposed to up to 100 mg/m’® deodorized kerosene vapor for 13 weeks, no histopathological
changes in the liver were noted in rats or dogs, and no liver weight changes were noted in dogs

(Carpenter et al. 1976). Inhalation of diesel fuel aerosol 4 hours/day, 2 days/week for 13 weeks at
concentrations up to 1,500 mg/m’ did not induce histopathological or organ weight changes in the

livers of rats (Lock et al. 1984).
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Renal Effects. Renal effects were tested by urinalysis in two individuals who were exposed to JP-5
vapor for approximately 1 hour while flying a small airplane (Porter 1990). No abnormalities in the
urine were reported in this case study for either of these individuals. Acute renal failure was reported
in a man who was exposed to diesel fuel vapor for 10 days while driving a truck with a fuel injector
leak (Reidenberg et al. 1964). Acute renal failure also occurred in a man after washing his hair with
an unknown amount of diesel fuel (Barrientos et al. 1977). In addition, he had oliguria; biopsy
revealed mitosis and vacuolization in renal cells, tubular dilation, and some cellular proliferation in the
glomerulus. Another man developed acute tubular renal necrosis after washing his hands with an
unspecified diesel fuel over several weeks (Crisp et al. 1979). Specifically, patchy degeneration and
necrosis of the proximal and distal tubular epithelium with preservation of the basement membranes
were noted. Also, increased blood urea and serum creatinine levels were noted in this individual.
Effects resulting from inhalation versus dermal exposure could not be distinguished in the two latter
cases. Based upon these case studies and the finding of kidney damage in mice dermally exposed to
fuel oils (see Section 2.2.3.2 under Renal Effects), it may be possible to absorb fuel oil vapor through
the skin. However, no studies were located that tested dermal absorption of fuel oil vapor in humans

(see Section 2.3.1.3).

Several studies have identified a hydrocarbon-induced nephropathy in male rats that is associated with
exposure to hydrocarbon vapors, including some fuel oils (Bruner 1984; Cowan and Jenkins 1981;
Gaworski et al. 1984). This hydrocarbon-induced nephropathy has only been demonstrated in adult
male rats and has been linked to a specific protein, a,,,-globulin, which is produced under hormonal
control by the liver (Alden 1986). When male rats are exposed to certain hydrocarbons, including
JP-5 and marine diesel fuel, a,,,,-globulin accumulates in hyaline droplets, which can be visualized in
proximal tubule cells. This buildup of a.,,-globulin-containing hyaline droplets is thought to lead to
cell necrosis; the cellular debris accumulates at the corticomedullary junction, causing tubule dilation
and mineralization of the tubules. Studies of 90-day continuous inhalation of 150 or 750 mg/m® JP-5
vapor (Bruner 1984; Cowan and Jenkins 1981; Gaworski et al. 1984) and 50 or 300 mg/m’ marine
diesel fuel vapor (Bruner 1984; Cowan and Jenkins 1981) have shown that a dose-response
relationship exists for multifocal tubular atrophy and focal tubular necrosis at the corticomedullary
junction in male rats. Granular cysts form from the necrotic debris, which then plug and dilate the
proximal tubules, resulting in chronic necrosis. In all cases of JP-5-induced and marine diesel
fuel-induced nephropathy, dose-dependent formation of cytoplasmic hyaline droplets of the proximal

tubules in the renal cortex is prominent. Increased blood urea nitrogen and creatinine levels were
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found to be associated with this nephropathy in male rats following inhalation of 150 or 750 mg/m’
JP-5 (Cowan and Jenkins 1981). Since humans do not possess o, -globulin, this effect in male rats is

not considered germane to human health risk assessment.

This nephropathy has also been identified in male rats exposed to JP-5 by the oral route (see the
discussion of Renal Effects in Section 2.2.2.2). This nephropathy does not appear to be induced by
deodorized kerosene or diesel fuel, at least not under subchronic exposure conditions. No
histopathological changes were noted in the renal system of rats or dogs exposed to up to 100 mg/m’
deodorized kerosene vapor for 13 weeks (Carpenter et al. 1976). No organ weight or histopathological
changes of the renal system were noted in rats following inhalation of diesel fuel aerosol 4 hours/day,
2 days/week, for 13 weeks at concentrations up to 1,500 mg/m’ (Lock et al. 1984). This lesion has

not been noted in female rats, female mice (studies conducted on male mice were not located), or dogs
of either sex when exposed under similar conditions to either JP-5 or marine diesel fuel vapors (Bruner

1984; Cowan and Jenkins 1981; Gaworski et al. 1984).

Dermal Effects. No studies were located regarding dermal effects in humans after inhalation

exposure to fuel oils.

Whole-body inhalation exposure to diesel fuel aerosol 4 hours/day, 2 days/week, for 13 weeks at

concentrations up to 1,500 mg/m’ did not induce skin lesions in rats (Lock et al. 1984).

Ocular Effects. One case study describes eye irritation in two individuals exposed to JP-5 vapor for
approximately 1 hour while flying a small airplane (Porter 1990). Both individuals experienced a
burning sensation in their eyes, and one had itchy, watery eyes 1 day after the exposure. These effects
subsided within 24 hours. Hyperemic conjunctiva were also reported for one of the individuals; this
effect subsided after 4 days. Another case study describes subconjunctival hemorrhages in a man whom
had washed his hair with an unknown amount of diesel fuel (Barrientos et al. 1977). Effects resulting
from inhalation versus dermal exposure could not be distinguished in this case. Eye irritation was not
induced in six volunteers by a 15-minute exposure to 140 mg/m’ deodorized kerosene vapor

(Carpenter et al. 1976). This study is limited since only one concentration was tested. Eye irritation
was also noted in factory workers who were chronically exposed to jet fuel (Knave et al. 1978). The

limitations of the study are discussed in detail in Section 2.2.1.2 under Respiratory Effects.
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No studies were located regarding ocular effects in animals after inhalation exposure to fuel oils.

Body Weight Effects. No studies were located regarding body weight effects for humans after

inhalation exposure to fuel oils.

There was no change in body weight gain in rats exposed to up to 100 mg/m’ deodorized kerosene
vapor for 13 weeks (Carpenter et al. 1976). Inhalation of diesel fuel aerosol 4 hours/day, 2 days/week
for 13 weeks at concentrations of 250-1,500 mg/m’ induced reversible body weight loss at all
exposure levels and decreased food consumption in rats exposed to the mid- and high-exposure levels
(Lock et al. 1984). There were no histopathological or relative adrenal gland weight changes in these
animals. Intermediate exposures to diesel fuel aerosol induced decreases in the mean body weights of
rats exposed to a Ct of 8,000 or 12,000 mg hour/m’ (Dalbey et al. 1987). Weight loss was found to

be dependent upon exposure concentration, frequency, and duration in this study. Dose-response data
were not reported for the individual exposure concentrations used to produce each Ct (see discussion
in Section 2.2.1.1). There was no change in body weight gain in mice or female rats following 90-day

inhalation exposure to 750 mg/m’ JP-5 vapor (Gaworski et al. 1984).

Other Systemic Effects. A man exposed to diesel fuel vapor for 10 days while driving a truck

with a fuel injector leak exhibited systemic edema (Reidenberg et al. 1964). Edema of the scrotum
and ankle were reported in a man who washed his hands with diesel fuel over several weeks (Crisp et
al. 1979). Other effects noted in this man were loin pains, thirst, and severe exhaustion. Effects
resulting from inhalation versus dermal exposure could not be distinguished in this case. Inhalation of
400 ppm home heating oil no. 2 vapor, 408.8 ppm fuel oil UNSP vapor, or 401.5 ppm diesel fuel
vapor by pregnant rats for 10 days did not induce maternal body weight changes (API 1979¢c, 1979g;
Beliles and Mecler 1983). A dose-response relationship was noted for decreased food and water
consumption with subsequent weight loss and dehydration in mice following 5-day, 8-hour/day acute
inhalation of 204 mg/m’ diesel fuel no. 2 vapors (Kainz and White 1984). These effects were not
induced by 135 mg/m’ of the diesel fuel. Decreased food intake was also noted in pregnant rats
following inhalation of 401.5 ppm diesel fuel vapor; no effects on maternal food intake were noted
following inhalation of 101.8 ppm diesel fuel vapor, 100 or 400 ppm home heating oil vapor, or

86.9 or 408.8 ppm fuel oil UNSP vapor (API 1979¢, 1979g; Beliles and Mecler 1983).
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2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or Lymphoreticular effects in humans or animals

after inhalation exposure to fuel oils.

2.2.1.4 Neurological Effects

In one case study, neurological effects in humans resulting from acute exposure to JP-5 vapor were
reported (Porter 1990). Coordination and concentration difficulties and fatigue were noted in each of
two individuals following a l-hour exposure to JP-5. Other effects included headache, apparent
intoxication, and anorexia. Neither experienced any sensory impairment. The effects subsided within
24 hours for one individual, and within 4 days for the other. Anorexia was also reported in a man
who washed his hands with diesel fuel over several weeks (Crisp et al. 1979). Effects resulting from
inhalation versus dermal exposure could not be distinguished in this case. A man exposed to diesel
fuel vapor for 10 days while driving a truck with a fuel injector leak exhibited severe headaches
approximately 4 weeks after exposure (Reidenberg et al. 1964). In a study of six volunteers, slight
olfactory fatigue was induced in three, while one reported “tasting something,” following a 15-minute
exposure to 140 mg/m3 deodorized kerosene vapor (Carpenter et al. 1976). This study is limited since

only one concentration was tested.

An epidemiological study tested the effects of chronic exposure to jet fuel in factory workers (Knave
et al. 1978). This study found significant increases in neurasthenia (i.e., fatigue, depressed mood, lack
of initiative, dizziness, and sleep disturbances) in the exposed subjects when compared to unexposed
controls from the same factory. Also, attention and sensorimotor speed were impaired in the exposed
workers, but no effects were found on memory function or manual dexterity. Results of an
electroencephalograph (EEG) suggested that the exposed workers may have had instability in the
thalamocortical system. The limitations of the study, which include lack of specification of type