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Article

Characterization of the Noncancer Hazards
of Gas Oils

Richard H. McKee1, Ceinwen A. Schreiner2, Russell White3,
Mark Saperstein4, Jeffrey H. Charlap5, Thomas P. O’Neill5,
Katy Olsavsky Goyak1, and Mark Nicolich6

Abstract
Gas oils, used to manufacture diesel fuel and residential heating oil, are complex hydrocarbon substances with carbon numbers of
C9-C30 and boiling ranges of approximately 150�C to 450�C. Target organ (liver enlargement, reduced thymus weights, and
reductions in hematological parameters) and developmental (reduced fetal viability, increased resorption frequency, and reduced
fetal weights) effects are associated with aromatic constituents present in some gas oils. Two types of gas oils were tested for
repeated-dose and developmental toxicity following repeated dermal administration. A blend of commercial diesel fuels contain-
ing 26% aromatics, primarily single-ring compounds, did not cause either target organ or developmental effects at levels up to
600 mg/kg/d. ‘‘Cracked’’ gas oils containing higher levels of aromatic constituents were also tested. Because of limited sample
availability, 2 cracked gas oil samples were tested, one for systemic effects and the other for developmental toxicity. The sample
tested in the repeated-dose toxicity study (81% aromatics including approximately 10% 3-ring compounds) produced increased
liver weights, reduced thymus weights, and reductions in hematological parameters. The overall no observed adverse effect level
(NOAEL) was 100 mg/kg/d. The sample tested for developmental toxicity (65% aromatics including approximately 5% 3-ring
compounds) resulted in significant reductions in fetal survival, significant increases in resorption frequency, and significant
reductions in fetal weights with an overall NOAEL of 100 mg/kg/d. In summary, gas oils may or may not cause target organ
and/or developmental effects depending on the levels and types of aromatic constituents that they contain.

Keywords
gas oils, diesel fuel, CAS number 68334-30-5, CAS number 64741-59-9, repeated-dose toxicity, developmental toxicity, petro-
leum fuels, polycyclic aromatic hydrocarbons, UVCB

Introduction

The US Environmental Protection Agency (EPA) announced a

voluntary chemical data collection effort in 1998 called the High

Production Volume (HPV) Challenge Program.1 The HPV che-

micals are those produced or imported to the United States in

aggregate quantities of at least 1 million pounds per year.

Approximately 400 petroleum substances, sponsored in the

EPA’s Challenge Program by companies belonging to the Petro-

leum HPV Testing Group (PHPVTG), were organized into 13

categories to facilitate data sharing and to avoid redundant test-

ing. The categories include crude oil, gases, gasoline, kerosene/

jet fuel, gas oils, heavy fuel oils, lubricating oils, waxes, aro-

matic extracts, asphalts, grease thickeners, petroleum coke, and

wastes. This article reports an investigation into the toxicological

hazards of gas oils, a category of substances that includes diesel

fuel, residential heating oils, and the refinery streams that are

used to manufacture these types of end products.

Gas oils and their blending streams are complex petroleum-

derived substances with complex and variable compositions,

best described as substances of unknown or variable

composition (UVCBs).2 The constituents are hydrocarbons

(normal paraffins, iso [branched] paraffins, naphthenes [cyclo-

paraffins], olefins, and aromatics) with carbon numbers rang-

ing from approximately C9 to C30 and distilling within a range

of approximately 150�C to 450�C. The gas oil blending streams

are produced either by atmospheric or vacuum distillation

(straight-run gas oils) or by secondary processing of these or

other petroleum-derived substances. The secondary processing

often includes ‘‘cracking,’’ a generic term for processes that
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convert higher to lower molecular weight material, producing

streams that may have higher aromatic and/or olefinic content

than those produced by atmospheric distillation. The composi-

tions of the different refinery streams vary depending on the

feedstocks and the processing steps utilized; but ultimately the

gas oil streams are blended to make end products such as diesel

fuel and heating oil. Although there are no compositional spec-

ifications for the individual gas oil blending streams, the spec-

ifications for diesel fuel and heating oil include limits on

boiling range (the 90% boiling point [T90] is less than

338�C) and total sulfur content (15 ppm) that effectively limit

the types of aromatic constituents that may be present in the

end products to those with 1 to 3 aromatic rings.3

From a toxicological perspective, there are some generic

hazards of gas oils including the potential for chemical pneumo-

nitis if aspirated and the potential to cause severe skin irritation

following prolonged and repeated dermal contact. There are also

some additional toxicological properties that are related to the

specific compositions of the individual substances. In particular,

aromatic constituents are associated with systemic and develop-

mental toxicity, and gas oils containing aromatics with 3 or more

rings may also be mutagenic and carcinogenic. Accordingly, the

potential for toxicity of the substances in the gas oil category is

related to both boiling range and aromatic content.

In the initial studies to provide base toxicological data,

blended diesel and home heating fuels with differing aromatic

levels were not toxic in acute oral and dermal studies and did

not produce eye irritation or allergic contact sensitization but

did produce moderate to severe skin irritation, particularly

when applied repeatedly at high doses.3,4 Repeated dermal

application studies in rabbits provided evidence of severe der-

mal irritation, but no clear evidence of systemic toxicity.4

Results of dermal carcinogenesis studies showed that middle

distillate streams (ie, the precursors for kerosene and gas oils)

could produce skin tumors when repeatedly applied to mouse

skin,5 and these observations led to further investigations to

better understand the mechanisms. Initial studies showed that

the carcinogenic activity of these streams was not directly

related to aromatic content.5-7 It was later shown that gas oils

that contained aromatic molecules with 3 or more rings were

mutagenic when tested in optimized Salmonella assays and

could initiate skin tumors.8 In contrast, the aliphatic constitu-

ents of gas oils were not mutagenic- or carcinogenic-initiating

agents, but some had tumor-promoting properties.9-11 It was

shown that the aliphatic gas oils could also produce skin cancer

in mice in studies involving repeated dermal application, but

the tumors seemed to have been due to the tumor-promoting

properties of the aliphatic constituents and a consequence of

repeated dermal irritation.10,11

The potential for the more highly high-boiling petroleum

substances (ie, with final boiling points >650�F/344�C) to pro-

duce target organ and/or developmental toxicity was first stud-

ied systematically by Feuston et al, who reported that target

organ and developmental effects of dermal exposure to these

high-boiling petroleum substances were correlated with the

presence of polycyclic aromatic compounds (PACs; note 1)

with 3 to 7 aromatic rings.12 These data and a subsequent

evaluation that included additional, previously unpublished

data established that the outcomes associated with these aro-

matic constituents included increased liver weights, reduced

thymus weights, alterations in serum chemistry and hematol-

ogy parameters, increased resorption frequency, and reduced

fetal body weight. The aliphatic constituents (normal paraffins,

iso [branched] paraffins, and cycloparaffins) of these sub-

stances are dermal irritants as described previously but do not

contribute substantially to the other toxicological properties of

gas oils. Published information on 4 gas oil streams (light

catalytically cracked gas oil [LCCO], light coker gas oil

[LCGO], heavy atmospheric gas oil [HAGO], and vacuum

tower overhead [VTO]) with differing levels and types of aro-

matic constituents identified a lowest effect level (LOEL) for

target organ effects of 125 mg/kg/d based on the increased liver

weight. The LOEL in the developmental toxicity studies was

500 mg/kg/d based on the increased frequencies of resorption.

In the current study, samples of gas oils were tested in

repeated dermal application studies to assess the potential for

repeated-dose and developmental toxicity. A specific objective

was to further characterize the relationship between toxicity

and the levels of specific types of aromatic constituents. One

sample, a blend of commercial diesel fuels (ultralow sulfur

diesel [ULSD]), was selected in part because of its wide use

in commerce, but also because although diesel fuels contain

approximately 20% aromatics, these are almost entirely mole-

cules with 1 or 2 rings. This sample provided a comparison to

other, previously tested gas oils that contained higher levels of

total aromatics with higher fractions of molecules containing

more than 2 aromatic rings. Based on the previous data, ULSD

was not expected to produce systemic or developmental toxi-

city. Two samples of LCCOs containing higher levels of mole-

cules with more than 2 aromatic rings were also tested, one for

repeated-dose toxicity and the other for developmental toxicity.

It was expected that, because the LCCOs contained higher

levels of aromatic constituents with �3 rings than ULSD, they

would produce more profound effects in the repeated-dose and

developmental toxicity studies than the ULSD. It was antici-

pated that the data from the diesel fuel and LCCO studies could

be used to define the boundary conditions by which to assess

the potential hazards of the other substances in the gas oil

category. It was also expected that the additional toxicological

information in combination with compositional information

could be used to further refine models that could be used to

predict the outcomes of repeated-dose and developmental toxi-

city tests of petroleum substances with final boiling points

>650�F/344�C.13-15

Materials and Methods

Materials

Ultralow sulfur diesel oil (Chemical Abstract Services [CAS]

registry number 68334-30-5) was a blend of 7 diesel fuels

obtained from commercial vendors. It contained approximately
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26.4% total aromatics (21.8% monoaromatics and 4.6% aro-

matics with more than 1 ring) by supercritical fluid chromato-

graphy (ASTM D5186) with the remaining constituents

(approximately 73%) being aliphatics including n-, iso-, and

cycloparaffins. The boiling range was approximately 170�C to

325�C. The dimethyl sulfoxide (DMSO)-extractable material

included 2.2% 2-ring compounds and 0.6% 3-ring compounds

using the methodology developed by Roy et al16 (summarized

recently by Gray et al17). No DMSO-extractable aromatics with

more than 3 rings were detected.

The 2 other test samples were LCCOs (CAS number 64741-

59-9). The sample used in the systemic toxicity test had a

boiling range of approximately 189�C to 350�C and contained

80.9% total aromatics (35.3% monoaromatics and 45.7% aro-

matics with more than 1 ring) by supercritical fluid chromato-

graphy (ASTM D5186). The DMSO-extractable material

included 19.5% 2-ring compounds and 9.8% 3-ring com-

pounds. The sample used in the developmental toxicity test had

a boiling range of 184�C to 335�C and contained 65% total

aromatics (28.9% monoaromatics and 36.1% aromatics with

more than 1 ring) by supercritical fluid chromatography

(ASTM D5186). The DMSO-extractable material included

16.7% 2-ring compounds and 4.8% 3-ring compounds. Based

on the results of the DMSO extraction procedure, neither of the

LCCO samples contained aromatic molecules with more than 3

rings.

The gas oil test samples were suspended in a US Pharma-

copeia grade mineral oil (Spectrum Chemical Manufacturing

Company, New Brunswick, New Jersey), a type of lubricant

base oil that is severely refined to reduce the concentrations of

aromatics to very low levels. There was 0.0% DMSO-

extractable material in the vehicle.

Methods

Guidelines. The repeated-dose studies followed the guidelines

for Organization for Economic Cooperation and Development

(OECD) 411 and were also compliant with the US EPA guide-

lines (870.3250). The developmental toxicity studies followed

the guidelines for OECD 414 (Prenatal Developmental Toxi-

city Study) and were also compliant with the corresponding

EPA guidelines (Prenatal Developmental Toxicity Test Guide-

lines, OCSPP 870.3700).

Animal husbandry. For the repeated-dose tests, Sprague-Dawley

rats [CrL: CD (SD)] were obtained from Charles River Labora-

tories, Inc (Raleigh, North Carolina) and were 45 days of age at

the time of receipt. For the developmental toxicity tests, sexu-

ally mature virgin female Sprague-Dawley rats [Crl: CD (SD)],

approximately 79 days old at receipt, were obtained from

Charles River Laboratories (Portage, Michigan). The animals

were examined for good health, weighed, and uniquely identi-

fied by ear tag. They were then held for 13 days during which

they were acclimated to Elizabethan-style collars. The rats

were individually housed in stainless steel wire mesh cages

with temperatures maintained at 22�C + 3�C and humidity

at 50% + 20%, and fluorescent lighting on a 12-hour on/off

schedule. The rats were given ad libitum access to food (Certi-

fied Rodent LabDiet 5002; PMI Nutrition International, LLC,

St. Louis, Missouri) and water. Other details of animal husban-

dry were in accordance with the guidelines of the National

Research Council.18

On the day prior to first treatment, the dermal surface of the

back and sides of each rat was clipped to remove the hair and to

allow the dose to be applied to an area of approximately 10% of

the body surface. The test material was applied in dermal doses

of 1.5 mL/kg. After 6 hours, the application areas were patted

with paper towels to remove any remaining liquid. In the

repeated-dose study, after each week (5 consecutive days of

dermal application), residual test substance was removed using

warm water and a mild soap solution. The animals all wore

Elizabethan-style collars on dosing days of the study to prevent

test material ingestion. The sham control animals treated in the

same way as other animals on test but were not exposed to test

material or vehicle. In the repeated-dose study, the rats were

treated 5 days/week for 90 days. In the developmental toxicity

study, the rats were treated daily from gestational day (GD) 0 to

GD 19 and then euthanized on GD 20.

Repeated-dose toxicity studies. Four days prior to the initiation of

dosing, the rats were weighed and examined. The rats that were

judged to be in good health were assigned to study groups using

a computerized randomization procedure based on the body

weight stratification in a block design as shown in Table 1.

Note that the doses were based on the preliminary range finding

studies that were conducted to assess the potential for dermal

irritation. The highest doses selected were expected to produce

some degree of dermal irritation but not levels that were antici-

pated to cause excessive discomfort to the animals or to other-

wise compromise the technical objectives of the studies.

All animals were checked twice daily for general condition.

Detailed physical examinations, body weight measurements,

and food consumption measurements were all done on a weekly

basis. The sites of dose application were examined for dermal

effects that were scored following the method of Draize et al.19

Samples for clinical pathology (hematology, coagulation,

and serum chemistry) were taken from all surviving animals.

The animals were fasted overnight prior to blood collection.

The animals were euthanized by inhalation of isoflurane, and

the blood samples were taken from the vena cava as part of the

gross necropsy. Parameters evaluated for hematology and coa-

gulation included total leukocyte (WBC) count, erythrocyte

(RBC) count, hemoglobin (HGB), hematocrit (HCT), mean

corpuscular volume, mean corpuscular hemoglobin, mean cor-

puscular hemoglobin concentration, platelet count, prothrom-

bin time, activated partial thromboplastin time, reticulocyte

count (percentage, absolute, and differential) WBC count (per-

centage and absolute) neutrophil, lymphocyte, monocyte, eosi-

nophil, basophil, large unstained cell, red cell distribution

width, HGB distribution width, platelet estimate (if based on

a manual differential assessment), and RBC morphology. The

serum chemistry measurements included albumin, total

80S International Journal of Toxicology 33(Supplement 1)
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protein, globulin (by calculation), albumin–globulin (A/G)

ratio, total bilirubin, urea nitrogen, creatinine, alkaline phos-

phatase, alanine aminotransferase, aspartate aminotransferase,

g-glutamyltransferase, glucose, total cholesterol, calcium,

chloride, phosphorus, potassium, sodium, triglycerides, and

sorbitol dehydrogenase.

After sacrifice, organs taken for weight and/or histological

examination included adrenals, aorta, bone with marrow (ster-

num and femur with joint), bone marrow smear (sternum), brain

(3 sections), cervix, epididymides, eyes with optic nerve, gastro-

intestinal tract (esophagus, stomach, duodenum, jejunum, ileum,

cecum, colon, and rectum), heart, kidneys, lacrimal gland, liver

(sections of 2 lobes), lungs (including bronchi), lymph nodes

(axillary, mandibular, and mesenteric), ovaries with oviducts,

pancreas, peripheral nerve (sciatic), pituitary, prostate, salivary

glands, seminal vesicles, skeletal muscle, skin (with mammary

gland), skin (treated and untreated skin from areas of dose appli-

cation), spinal cord (cervical, thoracic, and lumbar), spleen,

testes, thymus, thyroid (with parathyroid), trachea, urinary blad-

der, uterus, vagina, and gross lesions. Weights were taken for the

following organs: adrenals, brain, epididymides, heart, kidneys,

liver, ovaries with oviducts, pituitary, prostate, spleen, testes,

thymus, thyroid with parathyroid, and uterus.

Developmental toxicity studies. At the end of the acclimation

period, all female rats judged to be in good health were

weighed and then cohoused with untreated, sexually mature

male rats. Once successful mating was confirmed by the pres-

ence of a vaginal copulatory plug or the presence of sperm in

the vaginal lavage, the mated females were assigned to treat-

ment groups by a WTDMS computer program that randomized

the rats based on stratification of the GD 0 body weights in a

block design. Each study consisted of 5 groups, 2 controls

(sham and vehicle) and 3 treatment groups (100, 300, and

600 mg/kg/d in the ULSD study and 100, 450, and 750 mg/

kg/d in the LCCO study). The doses were chosen based on the

preliminary 14-day skin irritation studies that were used to

determine the maximum levels of the test substances that could

be repeatedly applied without causing excessive skin irritation.

Each group contained 25 mated females.

All animals were checked twice daily, and all observations

were recorded. The application sites of all animals were eval-

uated on a daily basis, prior to dose administration for signs of

dermal irritation and graded for dermal effects following the

scoring system of Draize et al.19 Body weights were taken on

GD 0, 3, 6, 9, 12, 15, 18, and 20. Food consumption was

recorded on the same days that the body weights were

measured.

Rats were euthanized by carbon dioxide inhalation and sub-

jected to a gross examination, which included the cranial, thor-

acic, abdominal, and pelvic cavities. Liver, brain, and thymus

were weighed. Tissues taken for histological evaluation

included sections of treated and untreated skin, liver, brain,

thymus, and any gross lesions. The uterus and ovaries were

then exposed and excised, and the numbers of corpora lutea

were recorded. Each uterus was weighed and then opened, and

the number and location of all fetuses, early and late resorp-

tions, and the total number of implantation sites were recorded.

Uteri with no macroscopic evidence of implantation were

opened and subsequently placed in 10% ammonium sulfide

solution for detection of early implantation loss.20

Each viable fetus was examined externally, individually

weighed, sexed, and then, after euthanasia, was examined for

developmental effects. The detailed external examination

included an assessment of the eyes, palate, and external ori-

fices. To the extent possible, nonviable fetuses were examined

to assess weight, crown-rump length, and sex. The internal

examinations of the viable fetuses followed the methods of

Stuckhardt and Poppe21 and included fresh dissection to assess

the heart and major blood vessels. The sex of each fetus was

confirmed by internal examination. Fetal kidneys were exam-

ined and graded for renal papillae development.22 Heads from

approximately one-half of the fetuses in each litter were placed

in Bouin fixative for subsequent soft tissue examination by the

Wilson sectioning technique.23 The heads from the remaining

one-half of the fetuses were examined by mid-coronal slice. All

carcasses were eviscerated and fixed in 100% ethyl alcohol.

Following fixation, each fetus was macerated in potassium

hydroxide and stained with Alizarin Red S24 and Alcian Blue.25

Fetuses were then examined for skeletal malformations and

Table 1. Study Design for the Repeated-Dose Toxicity Tests of Gas Oil Samples.

Group
number Treatment

Dosage level,
mg/kg/d

Dose volume,
mL/kg

Number of
males

Number of
females

1 Sham control No test material applied
ULSD fuel LCCO

No test material applied 10 10

2 Vehicle (mineral oil)
control

0 1.5 10 10

3 Low dose ULSD ¼ 100 1.5 10 10
LCCO ¼ 100

4 Mid dose ULSD ¼ 300 1.5 10 10
LCCO ¼ 450

5 High dose ULSD ¼ 600 1.5 10 10
LCCO ¼ 750

Abbreviations: LCCO, light catalytically cracked gas oil; ULSD, ultralow sulfur diesel.
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developmental variations. External, visceral, and skeletal find-

ings were recorded as either malformations or variations.

Statistical analysis. Parameters including body weight, body

weight change, clinical pathology data (except g-glutamyl

transpeptidase [GGT] values), and food consumption data from

the repeated-dose study as well as mean maternal body

weights, organ weights, gravid uterine weights, numbers

of corpora lutea, implantation sites, viable fetuses, and fetal

body weights (separately by sex and combined) from the devel-

opmental toxicity study were evaluated using a parametric

analysis of variance (ANOVA) to determine intergroup differ-

ences.26 If the ANOVA revealed significant (P < 0.05) inter-

group variance, the Dunnett test27 or a 2-sample t test26 was

used, as appropriate, to compare the test substance-treated

groups to the vehicle control group. The vehicle control group

was evaluated using the Student t test28 and compared to the

sham control group. Mean litter proportions (percentage per

litter) of prenatal data (viable and nonviable fetuses, early and

late resorptions, total resorptions, pre- and postimplantation

loss, and fetal sex distribution), GGT values, total

malformations and developmental variations (external, visc-

eral, skeletal, and combined), and each particular external,

visceral and/or skeletal malformation, or variation were eval-

uated using the Kruskal-Wallis nonparametric ANOVA test to

determine intergroup differences.29 If the Levine test revealed

significant (P < 0.05) intergroup differences in means, the

Dunn Test30 was used to compare the test substance-treated

groups to the vehicle control group and the vehicle control

group to the sham control group.

Results

The 90-Day Repeated Dermal Toxicity Study of ULSD
Fuel

All the rats survived to scheduled termination with little evidence

of treatment-related effects during the study. There were no

effects on body weight or body weight gain (initial and terminal

body weights given in Table 2) and no test substance-related

clinical observations (data not shown). There was some evidence

of dermal irritation, and the incidence of the findings increased

Table 2. Summarized Results of Terminal Body Weights and Weights of Target Organs Following Repeated Dermal Application of Ultralow
Sulfur Diesel Fuel.a,b

Parameter Sham control Mineral oil control 100 mg/kg/d 300 mg/kg/d 600 mg/kg/d

Males
Initial body weight, g 265 + 15.1 270 + 14.4 271 + 10.5 273 + 8.1 270 + 11.1
Terminal body weight, g 475 + 39 467 + 31 464 + 37 485 + 21 456 + 30
Adrenal glands, g 0.062 + 0.006 0.065 + 0.011 0.066 + 0.007 0.061 + 0.005 0.061 + 0.010
Brain, g 2.12 + 0.07 2.10 + 0.10 2.11 + 0.01 2.13 + 0.07 2.07 + 0.06
Heart, g 1.54 + 0.17 1.58 + 0.20 1.56 + 0.13 1.62 + 0.19 1.52 + 0.08
Kidneys, g 3.36 + 0.31 3.23 + 0.22 3.23 + 0.30 3.29 + 0.15 3.32 + 0.28
Liver, g 12.72 + 1.54 12.45 + 1.38 12.30 + 1.07 12.94 + 1.28 12.58 + 1.06
Pituitary, g 0.014 + 0.001 0.015 + 0.002 0.015 + 0.002 0.015 + 0.001 0.014 + 0.002
Spleen, g 0.81 + 0.076 0.80 + 0.053 0.80 + 0.128 0.79 + 0.058 0.76 + 0.155
Thymus, g 0.281 + 0.069 0.266 + 0.079 0.220 + 0.062 0.235 + 0.061 0.231 + 0.060
Thyroid, g 0.018 + 0.003 0.018 + 0.005 0.018 + 0.003 0.020 + 0.005 0.020 + 0.006
Testes, g 3.59 + 0.22 3.54 + 0.29 3.31 + 0.21 3.65 + 0.21 3.29 + 0.61
Epididymides, g 1.39 + 0.11 1.37 + 0.12 1.36 + 0.10 1.31 + 0.07 1.27 + 0.24
Prostate, g 1.09 + 0.23 1.05 + 0.13 0.94 + 0.16 1.03 + 0.19 0.97 + 0.18

Females
Initial body weight, g 190 + 13.5 188 + 9.8 190 + 8.7 189 + 9.5 189 + 11.4
Terminal body weight, g 281 + 18 265 + 22 268 + 22 265 + 17 271 + 24
Adrenal glands, g 0.066 + 0.011 0.070 + 0.010 0.067 + 0.009 0.070 + 0.007 0.068 + 0.009
Brain, g 1.92 + 0.11 1.87 + 0.10 1.94 + 0.05 1.92 + 0.07 1.91 + 0.15
Heart, g 1.07 + 0.10 1.05 + 0.08 1.05 + 0.10 1.07 + 0.06 1.12 + 0.12
Kidneys, g 1.91 + 0.12 1.85 + 0.19 1.90 + 0.26 1.91 + 0.08 1.91 + 0.26
Liver, g 7.52 + 0.38 8.02 + 0.75 7.67 + 1.00 8.21 + 0.79 8.29 + 0.85
Pituitary, g 0.022 + 0.003 0.021 + 0.004 0.021 + 0.003 0.020 + 0.003 0.020 + 0.002
Spleen, g 0.56 + 0.10 0.54 + 0.08 0.54 + 0.08 0.55 + 0.07 0.56 + 0.12
Thymus, g 0.245 + 0.027 0.240 + 0.075 0.288 + 0.092 0.248 + 0.088 0.262 + 0.052
Thyroid/parathyroid, g 0.015 + 0.002 0.014 + 0.002 0.015 + 0.002 0.015 + 0.003 0.015 + 0.002
Ovaries/oviducts, g 0.120 + 0.025 0.112 + 0.023 0.134 + 0.025 0.127 + 0.020 0.126 + 0.012
Uterus, g 0.68 + 0.16 0.64 + 0.17 0.66 + 0.22 0.64 + 0.26 0.63 + 0.22

Abbreviation: SD, standard deviation.
a Data given as mean + SD.
b Note that there were also no significant differences when the organ weights were expressed on a ‘‘relative to body weight’’ basis. Because none of the differences
was statistically different, only the absolute organ weight data were included in the table.
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with dose, but even in the highest dose group, the observations

were largely limited to slight erythema, slight edema, and des-

quamation. The mild dermal effects were surprising as the highest

dose had been selected with the expectation that relatively severe

dermal irritation would be produced.

None of the hematological parameters was affected by the

treatment (Table 3). The only statistically significant finding in

the serum chemistry measurements (data not shown) was a

significant increase in the A/G ratio in the high-dose males.

This finding was not considered to be toxicologically important

because it was similar to the untreated control values and

within normal historical control values. The A/G ratio results

were:

Untreated control¼ 1.66 + 0.16; mineral oil control¼ 1.39

+ 0.22; 100 mg/kg/d group¼ 1.49 + 0.15; 300 mg/kg/d group

¼ 1.48 + 0.14; 600 mg/kg/d ¼ 1.63 + 0.19 (P < 0.05 by

comparison to the mineral oil control).

There were no treatment-related gross observations, no dif-

ferences in weights (absolute or relative to body or brain

weight) of target organs (Table 2), and no pathological findings

other than observations of dermal changes at the test material

application sites were reported.

Prenatal Developmental Toxicity Study of ULSD Fuel

All of the rats survived to scheduled termination without evi-

dence of test substance-related clinical findings. There were no

dermal observations of note, and there were no differences in

weight gain during the gestational period (Table 4). There were

no gross findings indicative of treatment-related effects, and

weights of the target organs were similar across the treatment

groups (Table 5).

The uterine examinations did not reveal any treatment-

related differences in the number of gravid dams, numbers of

corpora lutea, implantation sites, viable fetuses, early or late

resorptions, or fetal weights (Table 6). There were few mal-

formations (Table 7) or developmental variants (data not

shown) observed in this study, and no evidence that these var-

iants were treatment related.

The 90-Day Repeated Dermal Toxicity Study of LCCO

Two rats died prior to scheduled termination; a male rat from

the 750 mg/kg/d group was sacrificed in extremis due to a

broken leg on study day 50 and a male rat from the 450 mg/

kg/d group was found dead on study day 69. Neither of these

deaths was considered to have been treatment related. There

were no test material-related clinical observations during the

study, and the dermal observations were limited to slight

erythema, which was not considered to be treatment related

as similar observations were made in control and treatment

groups. Body weight gains were lower, and, by scheduled ter-

mination, the body weights of both males and females in the

high-dose group were significantly below mineral oil control

values (Table 8). The hematological investigations revealed

statistically significant reductions in red blood cell counts,

HGB content, and HCT (Table 9). When differences were

found they were often significant in the 750 mg/kg/d groups,

but in some cases, significant differences were also apparent at

the 450 mg/kg/d treatment levels. Although statistical differ-

ences were found in other parameters, particular note was taken

of the reductions in eosinophil counts that were significantly

reduced (absolute and percentage) in both male and female rats

in the 450 and 750 mg/kg/d groups. At 100 mg/kg/d, the abso-

lute eosinophil count but not the percentage value was statisti-

cally significantly reduced in males compared to vehicle

controls but not in females. No other effects were noted in any

other hematology parameters for this dose group.

The serum chemistry investigation revealed treatment-

related increases in urea nitrogen, albumin, A/G ratio,

cholesterol, GGT, and creatinine levels and lower globulin

and chloride levels. However, although these differences were

statistically significant, they were small and within the histor-

ical ranges of the laboratory. None of the differences in the

clinical chemistry investigation was considered to have been

toxicologically important (data not shown).

The gross examination revealed a number of differences in

absolute and/or relative organ weights (Table 8) in the 450 and

750 mg/kg/d groups. In some cases, these were most likely a

consequence of the reductions in body weight gain as few of

these differences were significant when the comparisons were

made on a body weight or brain weight basis. The increases in

adrenal gland and liver weights were significant when the com-

parisons were made on a relative basis for adrenals and abso-

lute and relative basis for liver and were considered to have

been treatment related. Statistically significant reductions in

absolute and relative thymus weights were also noted. No abso-

lute or relative organ weight changes were seen in the 100 mg/

kg/d group. None of the weight differences was correlated with

histological changes. The only pathological findings were

reports of epithelial hyperplasia and hyperkeratosis associated

with chronic active inflammation in the nonglandular stomach

of 1 female from the 750 mg/kg/d group and in the tail, ear, and

paws of another. These pathological findings were incidental,

and the relationship to treatment was unclear.

Prenatal Developmental Toxicity Study of LCCO

Two females in the 750 mg/kg/d group died (1 euthanized on

GD 13 and 1 found dead on GD 16) during the gestational

period; all others survived to scheduled termination. Clinical

observations that were confined to the females in the 450 and

750 mg/kg/d groups included yellow and/or red material

around the urogenital area, and red vaginal discharge during

the latter part of the gestational period. There were also dermal

observations in the high-dose females including slight to mod-

erate erythema, very slight to slight edema and desquamation.

There were no dermal effects in the females from the 100 and

450 mg/kg/d groups.

As shown in Table 10, weight gain during gestation was

significantly reduced in females from the 450 and the 750

mg/kg/d groups. When analyzed separately it was apparent that
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the uterine weights in this group were significantly different

from control values in part due to the reduced number of viable

fetuses and lower fetal body weights, but the nonuterine weight

gain was also significantly reduced. Brain and liver weights

were similar across groups, but the thymus weights were

reduced and significantly different from control values in the

750 mg/kg/d group (Table 11).

The examination of uterine contents revealed that the num-

ber of gravid females was similar across groups, and that there

were no differences in numbers of corpora lutea or implanta-

tion sites. However, the number of early resorptions was

significantly increased, and the number of viable fetuses was

significantly decreased in the 750 mg/kg/d group. Fetal weights

were significantly decreased in the 450 and 750 mg/kg/d

groups (Table 12).

There were no test substance-related external or visceral

malformations (Table 13) or variations (data not shown). There

were also no test substance-related skeletal malformations, but

there were a number of skeletal variations (Table 14). More

specifically, reduced ossification of the skull, unossified pubis,

reduced ossification of the vertebral arches, metacarpal(s) and/

or metatarsal(s) unossified, sternebra(e) nos. 5 and/or 6

Table 4. Gestational Body Weights of Rats Treated by Dermal Application With Ultralow Sulfur Diesel Fuel.a

Gestational day Sham control Mineral oil control 100 mg/kg/d 300 mg/kg/d 600 mg/kg/d

0 259 + 13.5 259 + 14.0 260 + 13.3 260 + 16.7 261 + 12.4
3 259 + 17.1 259 + 15.9 259 + 14.2 258 + 18.6 259 + 16.7
6 273 + 18.0 271 + 14.4 270 + 14.9 273 + 19.8 270 + 19.4
9 287 + 18.9 285 + 13.7 284 + 13.3 284 + 22.0 283 + 19.3
12 307 + 19.0 298 + 14.8 300 + 15.9 300 + 22.4 298 + 18.4
15 325 + 21.8 319 + 17.6 317 + 15.8 320 + 25.5 320 + 22.3
18 364 + 22.6 349 + 17.9 351 + 17.0 354 + 26.9 351 + 21.2
20 400 + 24.4 386 + 20.8 389 + 20.5 394 + 33.1 387 + 29.0
Gravid uterine weight 87.1 + 9.0 82.5 + 11.9 83.3 + 9.5 85.3 + 17.5 83.0 + 11.1
Net extrauterine weight gain 53.2 + 11.3 44.9 + 14.6 46.1 + 15.0 48.5 + 11.7 43.5 + 17.2

Abbreviation: SD, standard deviation.
a Data given as mean g + SD.

Table 5. Summary of Maternal Organ Weights Following Dermal Treatment With Ultralow Sulfur Diesel Fuel on Days 0 to 20 of Gestation.a

Organ Sham control Mineral oil control 100 mg/kg/d 300 mg/kg/d 600 mg/kg/d

Brain, g 1.90 + 0.06 1.88 + 0.09 1.93 + 0.09 1.93 + 0.09 1.90 + 0.02
Liver, g 16.27 + 1.08 16.39 + 1.42 16.80 + 1.07 16.70 + 1.66 17.05 + 1.79
Thymus, g 0.251 + 0.055 0.213 + 0.061 0.221 + 0.053 0.219 + 0.049 0.226 + 0.076

Abbreviation: SD, standard deviation.
a Data given as mean + SD.

Table 6. Results of Uterine Examinations Following Dermal Treatment of Dams by Ultralow Sulfur Diesel Fuel.

Parameter Sham control Mineral oil control 100 mg/kg/d 300 mg/kg/d 600 mg/kg/d

Number of gravid females 22 21 25 22 25
Corpora lutea (total) 356 337 432 382 419

Mean + SD 16.2 + 2.0 16.0 + 1.8 17.3 + 2.7 17.4 + 2.8 16.8 + 2.5
Implantation sites (total) 346 317 401 383 391

Mean + SD 15.7 + 1.9 15.1 + 2.5 16.0 + 1.5 16.0 + 2.2 15.6 + 2.2
Viable fetuses/litter

Male (mean + SD) 7.8 + 2.2 7.5 + 2.6 7.1 + 2.2 7.4 + 2.2 7.8 + 2.1
Female (mean + SD) 7.4 + 2.2 6.9 + 2.0 7.6 + 2.3 7.6 + 2.0 7.2 + 1.8
Total (mean + SD) 15.2 + 1.6 14.4 + 2.4 14.7 + 1.9 15.0 + 2.9 15.0 + 2.3

Resorptions/litter
Early (mean + SD) 0.5 + 0.7 0.7 + 0.7 1.3 + 1.2 1.0 + 1.7 0.7 + 1.0
Late (mean + SD) 0 + 0.0 0 + 0.2 0 + 0.0 0 + 0.21 0 + 0.0

Fetal weights, g
Male fetuses (mean + SD) 3.9 + 0.28 3.8 + 0.23 3.8 + 0.25 3.8 + 0.30 3.8 + 0.31
Female fetuses (mean + SD) 3.7 + 0.30 3.7 + 0.25 3.6 + 0.25 3.6 + 0.27 3.6 + 0.26
Combined fetal weight (mean + SD) 3.8 + 0.29 3.8 + 0.21 3.7 + 0.23 3.7 + 0.28 3.7 + 0.28

Abbreviation: SD, standard deviation.
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unossified, and un/coossified vertebral centrum were noted to

be present at higher incidence and at higher mean litter propor-

tions than in the corresponding control groups. In addition,

these variations were found at levels outside the historical con-

trols of the testing laboratory. The increased incidence of ske-

letal variations may have been an indication of delayed

development and related to the decreased fetal weights.

Discussion

The specific objective of this study was to compare the poten-

tial for systemic and developmental toxicity of the 2 types of

gas oils with differing aromatic contents. One of the test sub-

stances (ULSD fuel) was a blend of commercial fuels and

contained primarily 1- and 2-ring aromatic constituents. The

other test samples were from catalytic cracking processes and

contained much higher levels of aromatics including 3-ring

aromatics than did the ULSD fuel. The hypothesis was that

among gas oils (as well as other high-boiling petroleum sub-

stances), the potential for systemic and developmental effects

is associated with the types and levels of the aromatic consti-

tuents that they contain. Based on the previous experience,12

the systemic effects associated with exposure to aromatic con-

stituents were increased liver weights, decreased thymus

weights, and reductions in hematological parameters. The

developmental effects that were associated with aromatic con-

tent included increased frequencies of fetal death and resorp-

tion and reductions in fetal weight.

The outcomes of the studies were consistent with expecta-

tion. The diesel fuel blend did not produce any target organ or

developmental effects at the highest dose tested (600 mg/kg/d).

As noted, the highest dose was chosen based on the preliminary

studies and previous experience that suggested that repeated

application of diesel fuels at higher levels was likely to produce

dermal irritation to a degree sufficient to cause secondary

effects as well as being inhumane. However, the level of der-

mal irritation observed at termination of this study was lower

than expected and unlikely to have been associated with any

untoward effects.

The LCCO produced the types of systemic effects that had

been anticipated. Target organ effects included significant

increases in liver weights, significant reductions in thymus

weights, and significant reductions in hematological para-

meters, although the reduced thymus weights were not signif-

icantly different when compared on a body weight basis, and

there were no pathological findings that correlated with the

organ weight data. In males, there were significant differences

in most of these parameters in both the 450 and the 750 mg/kg/

d groups. In females, significant differences were found in the

same parameters, but in most cases, statistical significance was

only found in the 750 mg/kg/d groups. No other target organ

effects were observed; in particular, there were no weight or

histological changes in the reproductive organs. The overall no

observed adverse effect level (NOAEL) for systemic effects

was 100 mg/kg/d.

In the developmental toxicity study, the frequency of resorp-

tions was significantly increased in the 750 mg/kg/d group, and

fetal body weights were significantly reduced in the 450 and

750 mg/kg/d groups. The overall no effect level for develop-

mental effects was 100 mg/kg/d.

When the data from the current study were compared to those

from previous studies, it was apparent that there was a relation-

ship between the content of aromatics and the various target

organ and developmental parameters that were investigated.

As a means of comparing outcomes across studies, 2 parameters

were selected, reductions in fetal weight and reductions in the

number of live fetuses per litter. The results from the 2 samples

reported in the present study and the other 4 samples (HAGO,

VTO, LCGO, and another sample of LCCO) were previously

reported in the summary form.12 There were no significant

reductions in fetal body weights in the studies of ULSD and

LCGO (Figure 1) but more pronounced effects in the studies

of HAGO, VTO, and one of the LCCO samples. Significant

reductions in live fetuses/litter were produced by HAGO, VTO,

and one of the LCCO samples (Figure 2). One of the

Table 7. Summary of the Results of the Examination of Fetuses From Dams Treated With Ultralow Sulfur Diesel Fuel by Dermal
Administration.

Observation Sham control Mineral oil control 100 mg/kg/d 300 mg/kg/d 600 mg/kg/d

Number examined externally 334 302 368 330 374
Number with findings 0 0 1 0 0
Number examined viscerally 334 302 368 330 374
Right sided aortic arch 1 0 0 0 0
Lungs, lobular dysgenesis 0 2 0 0 0
Situs inversus 0 2 0 0 0
Number examined skeletally 334 302 368 330 374
Vertebral anomaly with or without

associated rib abnormality
0 1 0 0 0

Number with malformations
External 0 0 1 0 0
Soft tissue 1 2 0 0 0
Skeletal 0 1 0 0 0
Total 1 2 1 0 0
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distinguishing characteristics of the LCGO is that while it con-

tained 44% aromatics, these constituents were almost entirely 1-

and 2-ring compounds, whereas the LCCO, VTO, and HAGO

samples had similar levels of total aromatics but with higher

levels of higher molecular weight compounds including 5% to

10% aromatics with 3 or more rings. The most straight forward

explanation for these data is that although the target organ effects

may be a more general effect of aromatics, the developmental

effects, particularly the increased incidence of fetal death and

resorption are associated with aromatics containing 3 or more

rings and that other constituents of these substances (aliphatic

constituents and 1- and 2-ring aromatics) do not make any

important contribution to the developmental toxicity of these

substances.

Table 10. Gestational Body Weights of Rats Following Dermal Treatment With Light Catalytically Cracked Gas Oil.a

Gestational
day Sham control Mineral oil control 100 mg/kg/d 450 mg/kg/d 750 mg/kg/d

0 256 + 16.2 257 + 14.3 254 + 14.1 259 + 17.6 257 + 12.2
3 263 + 15.3 260 + 19.7 260 + 12.6 256 + 18.3 253 + 12.4
6 269 + 21.7 267 + 18.1 268 + 12.7 257 + 17.0 255 + 13.3b

9 286 + 19.0 283 + 16.8 281 + 14.2 268 + 18.3c 264 + 12.6c

12 304 + 21.1 303 + 19.2 298 + 16.5 285 + 19.4c 276 + 13.5c

15 322 + 25.0 320 + 23.1 312 + 17.6 298 + 21.7c 284 + 16.0c

18 359 + 34.8 359 + 25.7 348 + 23.1 331 + 27.1c 291 + 24.7c

20 392 + 39.1 387 + 29.9 372 + 29.3 349 + 36.3c 289 + 31.4c

Gravid uterine weight 83.0 + 22.2 83.0 + 11.7 73.3 + 18.9 62.0 + 19.0c 19.9 + 15.0c

Net extrauterine weight gain 53.5 + 15.8 47.1 + 13.4 44.4 + 17.8 27.9 + 22.6c 12.6 + 18.1c

Abbreviation: SD, standard deviation.
a Results given as mean g + SD.
b Significantly different (P < 0.05).
c Significantly different (P < 0.01).

Table 11. Summary of Maternal Organ Weights Following Treatment With Light Catalytically Cracked Gas Oil on Days 0 to 20 of Gestation.a

Organ Sham control Mineral oil control 100 mg/kg/d 450 mg/kg/d 750 mg/kg/d

Brain, g 1.91 + 0.08 1.91 + 0.08 1.93 + 0.06 1.90 + 0.07 1.87 + 0.06
Liver, g 15.7 + 2.2 16.5 + 1.8 16.4 + 1.4 16.3 + 1.6 16.8 + 2.2
Thymus, g 0.217 + 0.090 0.181 + 0.048 0.177 + 0.060 0.150 + 0.047 0.084 + 0.036b

Abbreviation: SD, standard deviation.
a Data given as mean + SD.
b Statistically different (P < 0.01).

Table 12. Results of Fetal Examination Following Dermal Treatment of Dams by Light Catalytically Cracked Gas Oil.

Parameter Sham control Mineral oil control 100 mg/kg/d 450 mg/kg/d 750 mg/kg/d

Number of gravid females 25 25 25 25 23
Corpora lutea (total) 417 413 407 428 391

Mean + SD 16.7 + 2.4 16.5 + 2.3 16.3 + 2.7 17.1 + 3.4 17.0 + 2.8
Implantation sitesa (total) 392 390 364 384 356

Mean + SD 15.7 + 2.6 15.6 + 2.4 14.6 + 3.6 15.4 + 3.6 15.5 + 3.0
Viable fetuses/litter

Male (mean + SD) 6.6 + 2.8 7.8 + 2.4 6.9 + 2.7 5.9 + 2.6 1.4 + 1.1
Female (mean + SD) 8.0 + 3.1 6.6 + 2.3 6.6 + 2.4 6.6 + 2.4 1.9 + 2.7
Total (mean + SD) 14.6 + 3.8 14.4 + 2.3 13.6 + 3.7 12.4 + 3.9 3.3 + 3.4a

Resorptions/litter
Early (mean + SD) 1.1 + 1.6 1.1 + 1.2 1.0 + 1.2 2.8 + 2.6 11.9 + 4.2a

Late (mean + SD) 0.0 + 0.0 0.0 + 0.20 0.0 + 0.0 0.0 + 0.20 0.3 + 0.9
Fetal weights, g

Male fetuses (mean + SD) 3.8 + 0.23 3.8 + 0.24 3.7 + 0.39 3.2 + 0.29a 2.8 + 0.48a

Female fetuses (mean + SD) 3.6 + 0.22 3.6 + 0.28 3.5 + 0.25 3.0 + 0.36a 2.5 + 0.46a

Combined fetal weight (mean + SD) 3.7 + 0.20 3.7 + 0.25 3.6 + 0.32 3.1 + 0.30a 2.7 + 0.49a

Abbreviation: SD, standard deviation.
a Statistically significant (P < 0.01).
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Although no formal reproductive toxicity studies of gas oils

have been conducted, there are data from several sources,

which support the view that these substances are unlikely to

have effects on fertility. First, there have been 6 repeated-dose

studies (the 2 studies summarized in the present publication as

well as the previously unpublished data on the 4 gas oil samples

summarized in Feuston et al12) that have included both gross

and microscopic evaluations of male and female reproductive

organs. There were no gross or histological effects on repro-

ductive organs in the repeated-dose study of ULSD fuel. In the

study of LCCO, there were reductions in absolute weights of

epididymis and uterus in high-dose group animals, but the

differences in organ weights were not significantly different

when expressed on a ‘‘relative to body weight’’ basis, and there

were no pathological changes in these organs. Among the pre-

viously unreported studies, there were no differences in repro-

ductive organs among rats repeatedly exposed to VTOs. In the

HAGO, absolute prostate weights were significantly below

control values but were not different when expressed on a

relative to body weight basis. In a study in which rats were

exposed for 90 days to LCGO, the absolute weights of testes or

prostate were comparable to control values. Small increases in

relative weights of these organs were associated with reduc-

tions in body weights of high-dose males. Because there were

no differences in absolute organ weights, the differences in

relative weights were not considered toxicologically important.

In summary, these data provide evidence that the reproductive

system is not a target for gas oils.

Table 13. Summary of Examinations of Fetuses from Dams Treated by Dermal Application with Light Catalytically Cracked Gas Oil.

Observation Sham control Mineral oil control 100 mg/kg/d 450 mg/kg/d 750 mg/kg/d

Number examined 365 361 339 312 75
External evaluation

Exencephaly 1 0 0 0 0
Microphthalmia and/or anophthalmia 1 1 0 1 0
Cleft palate 0 0 0 1 0
Facial cleft 0 1 0 0 0

Visceral examination
Kidney and ureter absent 0 0 0 1 0
Situs inversus 0 0 0 1 0
Interventricular septal defect 0 0 1 0 0

Skeletal evaluation
Vertebral anomaly 0 0 0 0 1
Sternoschisis 0 0 1 1 0
Rib anomaly 0 1 0 0 0
Costal cartilage anomaly 0 1 0 0 0

External 1 2 0 2 0
Soft tissue 0 0 1 2 0
Skeletal 0 1 1 1 1
Total 1 2 1 4 1

Table 14. Skeletal Variations in Offspring from Dams Treated by Dermal Application With Light Catalytically Cracked Gas Oil.a

Mineral oil control 100 mg/kg/d 450 mg/kg/d 750 mg/kg/d
Historical control range

(when available)

Reduced ossification (skull) 0 (0.0) 0 (0.0) 7 (2.9) 6 (14.7) 0.1 (0.0-1.0)
Pubis unossified 0 (0.0) 0 (0.0) 1 (0.3) 3 (3.6) 0.1 (0.0-2.3)
Reduced ossification of vertebral arches 0 (0.0) 0 (0.0) 2 (0.8) 12 (22.5) 0.1 (0.0-1.1)
Metacarpal and/or Metatarsal unossified 0 (0.0) 0 (0.0) 0 (0.0) 3 (4.0) No data available
Sternebra nos. 5 and/or 6 unossified 42 (10.8) 59 (18.1) 132 (42.6)b 46 (62.6)b 6.4 (0.0-26.1)
Sternebra nos. 1, 2, 3, and/or 4 unossified 1 (0.2) 1 (0.3) 8 (2.4) 3 (3.2) 0.2 (0.0-1.3)
Entire sternum unossified 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.8) 0.0 (0.0-0.4)
Un/coossified vertebral centra 0 (0.0) 0 (0.0) 0 (0.0) 4 (5.6) 0.0 (0.0-0.5)
Cervical centrum no. I ossified 35 (9.7) 71 (19.8) 14 (3.9) 6 (7.2) 20.4 (6.6-35.8)
14th rudimentary rib 24 (6.1) 22 (6.2) 13 (4.3) 3 (3.4) No data available
27 presacral vertebrae 1 (0.3) 0 (0.0) 2 (0.6) 4 (4.3) No data available
Seventh cervical rib(s) 2 (0.5) 4 (1.0) 3 (0.8) 0 (0.0) No data available
Sternebrae malaligned 1 (0.2) 1 (0.2) 7 (2.0) 2 (3.2) No data available
Reduced ossification of 13th rib 0 (0.0) 4 (1.1) 5 (1.3) 1 (0.9) No data available
Bent ribs 4 (1.6) 1 (0.3) 0 (0.0) 0 (0.0) No data available

a Data given as the number of fetuses with the variation and with the mean percentage per litter given in parentheses.
b Statistically different (P < 0.01).
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In addition to the studies of gas oils, there have been several

studies of reproductive parameters of related substances, which

effectively cover the range of aromatic constituents that might

be found in gas oils, and none of these studies provided any

evidence of reproductive toxicity. The first of these was a repro-

ductive toxicity study of jet A, an aviation fuel that is blended to

meet performance specifications. The jet A test sample was com-

prised of hydrocarbon constituents with carbon numbers ranging

from approximately C9 to C16 of which approximately 20% were

1-ring aromatics and approximately 1% 2-ring compounds as

assessed by ASTM D2425. As reported by Mattie et al31 in sep-

arate studies to assess male and female fertility, there were no

effects on pregnancy rate, gestation length, or sperm parameters

in studies in which males were treated for 70 days at levels up to

3000 mg/kg/d and mated to naive females; in studies in which

females were treated for 90 days prior to mating and then through

the mating, gestation, and lactation (postnatal day 21) at doses up

to 1500 mg/kg/d, there were no effects on gestation length, preg-

nancy rate, or number of pups/litter. A similar substance, hydro-

desulfurized kerosene (CAS number 64742-81-0), was tested in a

reproductive/developmental toxicity screening test in which the

test substance was applied dermally at levels up to 495 mg/kg/d.

There were no treatment-related effects in any of the reproductive

or developmental parameters.32

The potential for aromatics with 3 or more rings to produce

reproductive effects was assessed in a dermal study of clarified

slurry oil (CAS number 64741-62-4), a high-boiling aromatic

substance that is considered to be a reasonable worst case for all

petroleum-derived materials.33 Compositional information on a

similar substance indicated approximately 14% aliphatic consti-

tuents with carbon numbers ranging from C10 to C30, with the

remaining 86% being comprised of 10% 2-ring aromatics, 26%
3-ring aromatics, 21% 4-ring aromatics, and 11% 5-ring aro-

matics along with 22% carbazoles.34 Males were treated daily

by dermal administration for 70 days prior to cohabitation with

naive females at levels ranging from 0.1 to 250 mg/kg/d. Females

were treated daily for 14 days premating and continuing through a

7-day cohabitation period to day 0 of gestation. There were no

effects on mating, fertility, or testicular end points in the males

and no adverse effects on gonadal function, estrous cycles, mating

behavior, conception rates, or reproductive organ weights in the

females at the highest dose tested (250 mg/kg/d). Accordingly, the

NOAEL for both male and female reproductive parameters was

250 mg/kg/d, the highest dose tested.33 In contrast, in develop-

mental toxicity tests run under similar conditions, significant

effects, particularly reductions in viable fetuses, were observed

at levels as low as 1 mg/kg/d.35 These studies together provide

evidence that the aromatic hydrocarbon constituents of gas oils do

not affect fertility but may affect fetal survival and development

during gestation.

In summary, gas oils are not acutely toxic, are not irritating

to the eyes, and do not produce allergic contact dermatitis,
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Figure 1. Effects of gas oils on fetal body weights (FBW) in developmental toxicity studies in rats exposed by repeated dermal administration.
LCCO new refers to the sample tested in the present study; LCCO old refers to a sample tested previously and described in Feuston et al.12 LCCO
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although they can produce dermal irritation, particularly with

repeated contact4 and can also cause chemical pneumonitis if

aspirated into the lung. In repeated-dose dermal studies, some

gas oils produced systemic effects including liver enlargement,

thymus weight reduction, and reductions in certain blood cell

parameters.12 In developmental toxicity studies, some gas oils

increased the incidence of fetal death and resorption and caused

developmental delays resulting in reduced fetal weight and

increased frequencies of some developmental variants,12 but

there is evidence that gas oils of different types are not repro-

ductive toxicants.31-33 Some gas oils were mutagenic under in

vitro conditions when tested in ‘‘optimized’’ Salmonella

assays,3 but they did not produce chromosomal effects in bone

marrow when tested under in vivo conditions.9 The gas oils that

were mutagenic in ‘‘optimized’’ Salmonella assays also initi-

ated skin tumors.8 Studies of several representative gas oils

provided evidence that the constituents that are associated with

target organ toxicity, developmental toxicity, as well as being

the mutagenic and carcinogenic components were aromatics.

However, this association is generic; it is not known which

aromatics are associated with these outcomes or even whether

all of the outcomes are associated with the same aromatics.

But what is evident is that the aliphatic constituents do not

contribute to these effects. Finally, the gas oil samples tested

in this set of studies reasonably approximate the boundary

conditions, that is, the ULSD sample that contained very low

levels of aromatics with 3 or more rings did not produce sys-

temic or developmental toxicity at the highest levels tested

(600 mg/kg/d), whereas gas oils with significant levels of aro-

matics with 3 or more rings produced both systemic and devel-

opmental effects with an NOAEL of 100 mg/kg/d.
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Note

1. Petroleum substances contain both polycyclic aromatic hydrocar-

bons (PAH) that are aromatic molecules containing only carbon

and hydrogen and PACs, which is a more generic term and includes

molecules that contain heteroatoms such as sulfur, nitrogen, or

oxygen.
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